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LabVIEW 
It's Just that Easy 

o time. Low Iludget. 

Y ou 've heard it before. They need an 

instrumentation system - better, faster, and 

cheaper. And they are empowering YOU to 

build it by next month. Now, you can give them 

what they want. Use LabVIEW, the world's " 

most popular instrumentation development n 

software, and you'll complete your project 

ahead of schedule, just like thousands of 

engineers, scientists, and technicians have. 

It improves productivity at least 4 to 10 times, 

empowering you to create modular, reusable 

virtual instrumentation systems with compiled 

execution speeds. 

So join the LabVIEW Revolution. Complete 

your project ahead of schedule. And take all the credit. 

NATIONAL 
INSTRUMENTS" 
The Software is the Instrumen~ 

U.S. Corporate Headquarters 
Tel: (512) 794-0100 • Fax: (512) 794-8411 

info@natinstcom • www.natinst.com 
Worldwide nelwo<k of direct offices <nl distributors. 

o ~ 1996 NauonaIINtfWI1c'I*Corponuon.. AI nthu ~ 
Product and compIIJ)' IWneII bIud ~ tndtmaJ\s or tndr ~cl thor ~ oxnp;uua.. 

For More Information Write In No. 600 
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Call for your 

FREE LabViEW 

Productivity Study 

today. 

(800) 433-3488 
(U.s._~) 

FREE evaluation software available. 
POint your Web browser to www.natinstcom to get a 
complete schedule of UpcomIng tschnocal seminars 
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Results. Our production solid modeling solutions help thousands of customers 

worldwide operate more efficiently with faster time-to-market - from Alcoa in the US 

to Sindo-Ricoh in Asia. With this kind of success, it should come as no suprise that 

SolidWorks experienced the best first year of any CAD company in history, with more 

first year revenue than PTC and Autodesk - combined. 

Why the move to SolidWorks? We provide the highest quality solid modeling and 

mechanical design solutions in the market. Bar none. Our products are consistently 

released on time. They move our customers quickly into production. And offer Windows· 

native ease-of-use, 100% editability for design flexibility, and productivity gains up to 60%. 

All for only $3,995 (USD)~ 

Experience the power of SolidWorks today. 

For a FREE interactive CD and the location of a reseller near you, 
call 800-693-9000, ext. 304. Or visit our Web site to learn more 
about upcoming SolidWorks seminars . , . ___ am 

'Internationally, SoIidWor1<s Is pdced locally, 0 Copyr1gtrt 1997 SoIldWOfks Corpomlloo. All riglrts reserved. SoIidWOfks Is a IrademaItc 
of SclIdWOO<s CorpomIloo. All other company and product names are IIlIdemarI<s Of regis1ed trademarI<s of their mpec\lve owners 

For More Information Write In No. 690 



RON 
High Performance Integer Calculations 

• 3 x 3 convolution ........ ... 6.6 msec 

• Dilation Erosion ............ 1.2 msec 
• Add, subtract, thresho ld .. 2.4 msec 
• Median filter ................... 11 msec 
• Sobel ! Robert's fi lter .... ... 6.0 msec 
• Histo ram ....................... 3.3 msec 

High Performance Floating Point Calculations 

A lacron provides the optimal processing 
power for all your computing needs. 
Alacron's FT-C80 supplies 2 Giga Fixed 
Point O Ps, while the FT-SHARC supplies 
up to 3 Giga Floating Point OPs per slot!! 

8 SHARC 1 DCFFT (1 K) .. .... .. .... 0 .072 msec 

8 SHARe 2DCFFT (1 K x 1 K) ....... 138 msec 

8 SHARC CO V3 (512 x 512) ........ 9 msec 

71 Spithrook Road, Nashua, NH 03060 

The FT-SHARC and FT-C80 support 
Alacron's family of digital and a n a log 
framegrabbers, and Alacron's high resolution 
video output modules. 

TEl: (603) 891-2750 
FAX: (603) 891-2745 

Web: http://www.alacron.com 
EMAIL: sales@alacron.com 

For More Information Write In No. 545 





6 

TECH BRIEFS 

Features 

22 Application Briefs 

Briefs 

26 

26 

28 

28 

32 

34 

36 

42 

42 

42 

45 

46 

48 
48 

54 
54 

56 

56 

58 

A bimonthly look at t he in novative ways NASA 
applies commercia l products and technology, 
with the goa l of sparking new application ideas 
in our readers' minds. 

Special Focus: Computer 
Hardware & Peripherals 
APflaratus Measures Directional 
Re lectance Properties 
Millennium Modem/Channelizer Special 
Test Equipment 
Portable FTIR Scatterometer Measures 
Surface Contaminants 

Full-Flow-Field-Tracking Particle-
Image Velocimetry 

Optimization of Particle-in-Cell Codes on 
RISC Processors 
Digitized X-Radiographs Indicate 
Densities in Ice Samples 

Electronic Components 
and Circuits 
Diffusion Barriers for GaAs and 
InP Devices 
Au/Ge/Au Contacts for Shallow-Junction 
InP Solar Cells 
AglZn Contacts on Shallow-Junction 
p-Doped InP Devices 
Planar Quad-Bridge-Diode 
Frequency Doubler 

Electronic Systems 
Concept for a Wide-Area Differential 
GPS Navigation System 

Physical Sciences 
Window Units for Solar-Assisted 
Heating and Cooling 
Improved Data-Reduction Algorithm for 
Doppler Radar Wind Profilers 

Using Langmuir-Blodgett Coatings to 
Calibrate Mass Micro alances 
Electrokinetic Evaluation of 
Surface Coatings 

www.nasalech.com 
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Technology Team 

16 NASA Patents 
18 Commercialization 

Opportunities 
38 Special Focus 
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91 New on the Market 
92 New on Disk 
94 New Literature 
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The Weightless Environment Train ing Facility 
Remote Manipulator System (WRMS) is a computer
controlled, seven-jointed robot arm that operates 
underwater in a 25-foot tank at NASA's Johnson 
Space Center in Houston, TX, to simulate weight
lessness for astronaut training. ANSYS software 
from ANSYS, Inc., Houston, PA, was used to simu
late and analyze arm movement during the design 
process. A new fea ture this month. Application 
Briefs highlights this and three other examples of 
how NASA is using commercial off-the-shelf prod
ucts. See page 22. 
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Superdraw IIITM 
All New Finite Element Modeling Software! 

lrimlElCtend 
!nter~t... 

fillet .. 

Download it at no cost from the Internet at: 

WWW.ALGOR.COM 
Or, order the CD-ROM below. 

r--------------------· --------------------
: Three ways to order Algor's product information 
I CD-ROM which includes a trial version of Superdraw III, plus: 
I 

:r-~~~;;:::-I a d 'l1 .. of lob tests confirming Algor results · More 
: of the latest f+wo-e I - yOu to try • In-depth produC' nlo • 
I Case., Of',S · 'owertu search capobiliiy • Faster ocl"ess than 
: the Internet · urocv venl,c ' • The AlgOl De, gn ~{orld 
I newsleller • An v ,;P. , or use your own • Information 
: on EdULation boaKs, videos and CD-ROMs 
I 
I 
I 

1) Call or e-mail now 

2) Order at Algor's Web Site: WWWALGOR.COM 

-.. .............. 3) Complete this form and fax to: +1 (412) 967-2781 

Name _________ Company 

Address _ ____ _____________ _ _ _ _ 

City ______ StatelProv. ZiplPostal Code ___ _ 

Country _________ Telephone _ ________ _ 

Fax __________ E-mail, _________ __ _ L __ ___________________________________________________ _ 

When the Engineering 
Has to be RightTJI 

Algor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 USA 

Phone: +1 (412) 967-2700 

fax: +1 (412) 967-2781 

California: (714) 564-0844 

Europe (UK): +44 (1) (784) 442 246 

E-mail: info@algor.com 

For More lnionnation Write In No. 609 
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The IN Lite P Series notebook computer from 
Kontron Elektronik, Newport Beach, CA, is 
equipped with a 166 MHz Intel Pentium® 
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Here's an offer that symbolizes big savings for you! 
Buy AutoCAD L for Windows 95, ancf you'll get a Symbols 
package of your choice, FREE! 

Architectural, Mechanical & Electrical ymhol are full- cal , 
industry tandard drawings thatlel you cu tomize AutoCAD LT 
software for your profes ional de ign and drafting need - ~ 
in tantly eliminating tedious hours from your drawing proces . <@> 

Of cours ,with AutoCAD LT, you'll eliminate a lot of has les ~.~ 
right from the tart. It' the only basic C D program for archi-
tect and engineers that allow files to be hared quickly, 
accurately and worry-free with over two million AutoCAD and Sf 

uto AD LT users worldwide. That covers practically the entire 
C D world, from colleagues to contractors to clients. And with 

ymhol you can be sharing tho e files a lot ooner. 
To get over 2,000 ymbols FREE just pick up your copy 

of AutoC D LT. But hurry-thi offer end June 30th, and 
every hour you wait is time you could be saving! 

To get the complete AutoCAll U picture, 
see AutoCAD IT at your 10011 software rmller. 
Or call 1-800-218-3601 and ask for OemoPak Al27. 
You11 find infonnation and customer testimonials 
on our Web site at www.autodesk.(0m/a127. 

~Autodesk. 

._, 

1. Purc:hase AutoCAD IT between April 1, 1997 and June 30,1997. 

2. Mail the following to Autodesk. Inc. by July 31,1997: 
• This COMPlETID promotion certificate. 
• Photo<opy of your AutoCAD LJ receipt or invoice. 

3. Mail to: Autodesk Symbols Offer 

.... -

--..-

4340 Redwood Ilwy, SUite 219 
San Rafael, CA 94903 

-..... 
Choose one: 0 Over 2,000 Architectural Symbols 
o Over 3,600 Mec:hanical Symbols 0 Over 2.500 Bectrical Symbols 

AutoCAO U serial number. ____ --.::=:;;--__ _ 
II!qIiR<I) 

L ________________ ~ 





You've got ideas. But do you have the 

tools to visualize them? You do with 

lIP Thchnical Computing Systems. The 

leading price-performance lIP UNlXe-

and Windows· NT-based workstations 

and scalable supercomputers give 

you powerful graphics capabilities and 

real-time data analysis. So in addition 

to running world-class applications 

quickly and collaborating instantly with 

colleagues, you can make your vision 

a reality. Please call 1-888-844-6547 

or visit www.hp.com/go/technical 

Flin- HEWLETT® 
a!~ PACKARD 



STORE 
COMPUTER SIGNALS 
ATHIGH 
RESOLUTION 
(HDTV STANDARD) 

INTRODUCING. 
THE VlDEOLINK HDlM 

Now you can record RADAR, SONAR and other 
tactical displays. The Videolink HD system lets you store 
everything displayed on a high resolution system to HDTV 
videotape. With 1024 lines of video resolution plus two 
channels of audio, you can capture all the action - every 
moment - every comment - for a definitive record of 
mission critical data . 

Three hours of recording per cassette tape, a small 
physical package and law cost make an unbeatable 
combination . 

The Videolink HD will revolutionize your monitoring and 
archiving. For details, speak with one of our sales 
representatives at 1510) 814-7000 or visit us on 
the web at http://www.rgb.com . 
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Autosync 

Freeze frame 

Real time operation 

Full color 

Inputs up to 90 kHz 
horizontal scan rate 

View on standard 
computer monitor 

Training and simulation 

Control room monitoring 

Medical archiving 

Trade show presentations 

Scientific research 

SPECTRUM-
a visual communications company'" 

950 fv\arina Village Parkway 
Alameda, California 94501 
(5 10) 814-7000 (510) 814-7026 FAX 
E-mai l: soles@rgb.com 
http://www.rgb.com 

For More Information Write In No. 400 
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NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial 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's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if appl icable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Spice Langley Research Marshall Space 
Center Flight Center Center CenIer Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
Ufe Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
Atmospheric Missions; LlDAR; Computer Structures; Evaluation; 
Sciences; Cryogenic Interface; Sensors; Biotechnology; 
Information, Systems; Ufe Sciences; Measurements; Space 
Communications, Tracking; Human Space Information Propulsion; 
and Intelligent Telemetry; Flight Operations; Sciences. Controls and 
Systems; Command. Avionics; Sensors; Dr. Joseph S. Dynamics; 
Human Factors. George Alcom Communications. Heyman Structures; 

Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity 

(415) 604-6646 ga/com@gsfc. (713) 483-0474 j.s.heyman Processing. 

bwebbon@maiJ. nasagov hdavis@gpl0l.jsc. @/arc.nasa.gov Harry Craft 

arc.nasa.gov nasagov (205) 544-5419 

Jet Propulsion harry.craft@msfc. 

Dryden Flight Laboratory Kennedy Space nasa. go v 
Research Center Selected techno- Center lewis Research 
Selected techno- logical strengths: Selected techno- Center 
logical strengths: NearlDeep- logical strengths: Selected techno- Stennis Space 
Aerodynamics; Space Mission Environmental logical strengths: Center 
Aeronautics Engineering; Monitoring; Aeropropulsion; Selected techno-
Flight Testing; Microspacecraft; Sensors; Corrosion Communications; logical strengths: 
Aeropropulsion; Space Protection; Energy Propulsion 
Flight Systems; Communications; Bio-Sciences; Technology; Systems; 
Thermal Testing; Information Process Modeling; High TesVMonltoring; 
Integrated Systems; Work Planning! Temperature Remote Sensing; 
Systems Test Remote Sensing; Control; Materials Nonintrusive 
and Validation. Robotics. Meteorology. Research. Instrumentation. 
Lee Duke Merle McKenzie Gale Allen Ann Heyward Kirk Sharp 
(805) 258-3802 (818) 354-2577 (407) 867-8035 (216) 433-3484 (601) 688-1929 
duke@fouie.dfrf. merle.mckenzie@ galeallen-l@ ann.o.heyward@ ksharp@ 

nasagov ccmail.jpl.nasa.gov ksc.nasa.gov lerc.nasa.gov ssc.nasa.gov 

NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 

Dr. David Moran 
Nallonal Technology 
Transfer Center 
(800) 678·6882 

Ken Dozier 
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-Conlinent 
Technology Transfer 
Center 
Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mld-Aliantlc Technology 
Applications Center 
University of Pittsburgh 
(412) 383-2500 

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 Wor1d 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 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 
Smali Business 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawlik@oact.hq. 
nasagov 

Dr. 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@osfmsl .hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 
(202) 358-4711 
g..Johnson@aeromail. 
hq.nasa.gov 

Bill Smith 
Office of Space Sciences 
(CodeS) 
(202) 358-2473 
wsmith@Sm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Office of Microgravity 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.o/msa. 
hq.nasa.gov 

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

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) 2n -3622. 
For software developed with NASA fundln9, contact the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 

14 www.nasatech.com ASA Tech Briefs,June 1997 



Unlock your potential with Data Translation! 

Some vendors think there is only one way of 

doing data acquisition-their way! 
At Data Translation, we know 

the work you're doing may 
involve multiple software 

environments or application 
packages. We also realize 

that you need sofn\'aJ'e that 

can easily upgrade to new 

hardware devices and expand 
to add new functionality. With 

Dala Translation, you get the 
sofu\'aJ'e choice you de erve with 

the assurance that the applications you 
develop today will run on the operating 

terns and hard\\'aJ'e of tomorrow. 

\Vhether you're working in e/C++, Visual BasiC® or 

Vi ual C++, or graphical programming environments 
such as HPVEEl'" or LabVIEW®, our data 

acquisition boards can support it-without 

compromising on ease-of-use or functionalit}: 

So why be locked in by inflexible data 

acquisition products when your freedom 

is a phone eaU away! 

1·800·525·8528 
INTERNET: hnp:llwww.datLcom 

£ MAIL: info@datx.com 

Data Transiatwll
your hy 10 all populm 
softuxue enllinmntsnll! 

--~~--------=-- -

........ rtIrI: (581) 411-3711. UK HeadqurtIrI: (01134) 7131M, "'_1"" 
DaIa T __ .... llldlmitaiDala T/IIIIIIIiGfJ,", MaI.IlliIml,.,I •• If ... 



When they tell 
you to cut costs 

and defects, 
tell' em about 

MIM and FloMet. 

Metollnjection Molding (MIM) is the way to go 
for small, complex, high-volume, net shope 
ports. And we're the guys to go to. With MIM, 
you get tremendous design flexibility. Quick 
development. Cost-effective manufacturing. 
Virtually no machining. little or no waste. Zero 
defects. And lower costs. Other advantages 
include: 

Density: 98% of wrought material 
Elongation: 20-33% for nickel steels, 45% 
for low corban 316 stainless steel 
Tensile Strength: 50,000-230,000 psi 
for nickel steels, 84,000 psi for low corbon 316 
stoinless steel 
Hardness: Case hardening up to HRC 65 
Complexity: Comparable to plastics 
Surface Finish: 51 rms or better 

This endoscopic suturing 
device would have required 
multiple operations using 0 CNC 
mill and wire EDM. With MIM, 
we cut costs more than 50%. 

We use a controlled 
expansion alloy to 
produce this fiber optic 

switch base, which must 
retain its size and shape despite 

changes in temperature. 

Comparison of Metal Fabrication Methods 

"" Spe<ifications or c: 
'c ~ 

Choracferistics .:e ~ 
" ~ 

Density 100% 98% 
Elongotion High High 
Tensile Strength High High 

Hardness High High 
Complexity High High 
Surface Finish High High 

Cost High Med. 
Production Volume Low High 

FlaMet, Inc. • 810 Flightline 80ullMlrd 
Deland, Florido 32724 

c: 
'" '" .§ .l§ 
:g~ 
.,5'-' 

100% 
High 
High 
High 
Med. 
Med. 
Med. 
Med. 

Phone: 904-736-4890 • FAX: 904-736-6063 
wwwRomet.induslry.nel 

FIoMet, 111<. is on affilto1t 01 MeIuII'tMdoI ProdtK!s Company 

For More Information Write In No. 401 

TS 
Ov" tM past thin duades, it has granlLd man than 1000 palmt licmsts in virtuaUy euny area 
of ILchnology. TM agmcy has a portfolio of 3000 palmts and pmding applications availabk now 
for licmse by busintssts and individuals, including thtse recmtly palm ted inventions: 

Crystals of Serum Albumin 
for Use in Genetic 
Engineering and Rational 
Drug Design 
(U.S. Patent No. 5,585,466) 

Inventor: Daniel C. Carter, 
Marshall Space Flight Center 

It is widely accepted in the phanna
ceutical indu try that di tribution, 
metaboli m, and efficacy of many drug 
can be altered based on their affinity to 
serum albumin. The invention i a 
method of producing high quality crystal 
form of erum albumin from human, 
baboon, and canine erum albumin that 
are suitable for conducting drug and lig
and binding expeliments because of 
their uperior x-ray diffraction quality. 
10noclinic plate-like crystal of human 
erum albumin are grown from a precip

itant olution of polyethylene glycol or 
ammonium ulfate, with concentration 
of reagents and pH carefully controlled 
within prescribed limits. Of the three 
methods for growing protein crystals, the 
hanging-rlrop method i preferred in this 
instance. 

For More Information Write In No_ 770 

Constructing a High-Density 
Cell Culture System 
(US. Patent No. 5,589, 112) 

Inventor: Glenn F. Spaulding, 
Lyndon B. Johnson Space Center 

Mammalian cell culture is more com
plex than bacterial culture becau e uch 
cell are more delicate and have a more 
complex nutrient requirement for devel
opment The invention is an annular 
bioreactor culture ves el with an open 
end closed by an endcap. It is rotatable 
around a horizontal axi by roller ystems 
commonly used in culture laboratorie . 
The wall of the endcap has tapered 
acce ports that receive the end of 
hypodermic yringe that permit the 
introduction of fre h nutrients and the 
withdrawal of pent nutrients. Nuclear or 
laser bombardment of the polymeric 
inner and outer walls of the ve el form 
minute gas-permeable perforation , thus 
making the walls' urface area available 
for oxygenation and increasing culture 
productivity. 

For More Information Write In No. 771 

Capacitance Probe for 
Fluid Flow and Volume 
Measurements 
(US. Patent No. 5,596, 150) 

Inventors: G. Dickey Arndt, 
Thanh X. Nguyen, and James R. Car l, 
Lyndon B. Johnson Space Center 

A reliable and accurate technique is 
needed for detecting the presence of 
fluid in a combination of multiple fluids 
and the flow volume of the material 
under le t within a multiphase flow, one 
of which may be a gas. Thi apparatus 
use an electromagnetic flow monitor 
with a first probe having two parallel 
elongate electrode, the pacing between 
them functionally related to the droplet 
ize of the fluid to be monitored . A cable 

applie a reference signal to the prob 
and conducts a reflection ignal to detec
tion circuitry. The percentage of a fluid 
present in a flow stream can be identified 
by measuring permittivity variation 
between the electrodes. A conductivity 
probe can al 0 be provided to measure 
flow volume of the material. In a specific 
embodiment, a volume of urine en
trained in an air stream i measured. 

For More Information Write In No. 773 

On-Line Method and 
Apparatus for Coordinated 
Mobility and Manipulation of 
Mobile Robots 
(U S. Patent No. 5,550,953) 

Inventor: Homayoun Seraji, 
Jet Propulsion Laboratory 

The invention propo es a method and 
apparatus to control mobile robots that 
con ist of a manipulator arm mounted 
on a mobile base. It departs from previ
ou approaches by adding the base's 
degrees-of-mobility to the arm' degrees
of-manipulation, and u ing the overall 
degrees-of-freedom to accomplish a et 
of user-defined tasks in addition to end
effector motion. A imple on-line control 
cherne allows the user to as ign weight-

ing factor to individual degree -of
mobility and degrees-of-manipulation , as 
well as to each task specification. The 
computational efficiency of the control 
algorithm make it particularly uitable 
for real-time implementation. 

For More Information Write In No. 774 
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The 
MATH 

New release! 

SIMULINK2 
Dynarrllc SiInulation 

and Modeling 

New features include: 
• Triggered and enabled subsystems for multi-mode operation 

• State-of-the-art solvers for extreme accuracy in large scale 
systems 

• Intuitive block diagram editor, signal labels, and a powerful 
new Scope block 

• Direct access to the M.ATLAB* 5 development environment, 
including tools for control system and DSP design, extensive 
graphics, and user definable data structures and objects 

Available Now! 
Call 508-647-7000 

To find out more about SlMUUNK 2, MATlAB 5, and the new toolbox updates, call now 
and request KP171 to receive your Free edition of MATlAB 5jSIMUUNK 2 News & Notes. 

hHp:/ /www.mathworks.com/ntb 
For more information on our Connections OfM/VAR program, visit our Web site 

at http://www.ndrwoIh.c:om/oem, or cal US at 508-647-7253. 

State-of the-art solvers provide 
extremely accurate simulations 
-including event crossings. 

Conditionally executed systems 
offer modelillg alld simulatioll of 
multiple control modes. 

STMUU"iK 2 is built on MMlAB 5, 
rlJe illdustry standard for data 
analysis, algorithms. protmyping, 
alld applicatian de\·elopment. 

~ !he MalbWor1a.IIK. · 241'rimt PartcWoy, HalO, MA 01760-1500 USA - III: (508) 64]·1000 - (ax (508) 6-41·1101 - H1lIIi ~iathwoow... -Idtpi/~ 
£mpIo,menI ~ hUpi Iwww.malhworks.«WI1I'~ - M.I1W iI Edoomon: hrtp-J leduaition.matItaxn 

TheIla!l1Wcrb .. ~it __ .61·2-9912-9311· Benelux: +31 (0) 182-53-7644 ' Bnai: .55-11-816-3141 · Cz!ch RepdIIic:. 42'~'174 • France: .31(0) 4H4-67-14 • Germany/Austria: • 49-241-470750 
1ndiII: +91~549338 • Israel: + 972.:J.561-5151·1!afy: 039-11·24-ilS-332· Japan: .81~10· Koreo: + 82·2-556-1257' New Zealand: + 64-7-839-9102 ' Poland:. 48-12·17-3346 ' ScandinavIa: + 46-8-15-00-22 
~ • 6&842-4222 • South Africa: .27·11·325-6238 ' SpairVPartugaI: • 34;9):H1S<1SG1 ' _ • 41-31-882.Q288· Than: + 886-UiOl.K11f1 • UnIIod Kingdom: + 4+ 1l!23-0-200 

o 1997 by The MathWorils, inc. ~ Rlgh1s Reserved. MAT1.AB and SIMUUNK ant registered trademarl<s of The MaihWoo1<s. inc. Oiher products Of bland names are tra_ '" registered trademarks 01 ihelr respectNe holders. 

For Mon! Information Write In No. 519 



,., Commercialization Opportunities 

Millennium Modem/ Channelizer 
Special Test Equipment 

This test equipment is a fully program
mable as embly of bit-error rate electron
ic te t equipment for broadband charac
terization of modems and multichannel 
demultiplexer/ demodulator systems. 
The test set is available for use in indusu)'. 
(See page 28.) 

Ag/ Zn Contacts on 
Sha1low~Tunction 
p-Doped InP Devices 

These contacts demonstrate lmprece
dentedly low electrical resistivitie . A sin
tering tep in the fabrication process 
prevents degradation or de truction of 
the underlying devices. 
(See page 45.) 

PAC'fI,1 & L-PAGI'M 

• Pentium®/Pentium-Pro® to 200 MHz 

18 

• 12.1" SVGNXGA TFf Displays 

• Rugged Welded Alloy Chassis 

MegaPAC1M 

• 10 Full-Length Expansion Slots 

• Shock Mounted IsoGuard1M Chassis 

·10A"VGNSVGA TFrDisplays 

• Pentium® CPUs to 200 MHz 

For More Information Write In No. 402 

Concept for a Wide-Area 
Differential GPS 
Navigation System 

A propo ed }' tern would incorporate 
a number of recent and anticipated 
advances to achieve decimeter real-time 
positioning accuracy. The system i 
intended for civil aviation. 
(See page 48.) 

Window Units for 
Solar-Assisted 
Heating and Cooling 

These unit are designed to minimize 
undesired heating in hot weather and 
cooling in cold weather. Space be
tween the inner and outer panes are 
connected to in ide or outside circula
tion paths, depending on the outside 
temperature. 
(See page 54.) 

Adherent and Stable 
Metallization of 
CVDDiamond 

Amorphous Ti+Si+N layers permit 
good metal contacts on chemical vapor
deposited carbon. This finding is impor
tant in fabrication of some electronic 
devices, particularly those intended for 
high-temperature applications. 
(See page 63.) 

Low-Differential-Pressure 
Test Apparatus 

This apparatus can be used to test a 
variety of low-differential pressure trans
ducers in the laboratory and in the field . 
Originally, it was designed to test clean
room-air-condi tion er differential-pres
sure transducers. 
(See page 70.) 

Apparatus for Access 
to a Conimed Space 
From Above 

A proposed apparatus called an 
"access kit" would enable technicians 
and equipment to enter and leave a con
fined space through a relatively narrow 
opening in the ceiling. Large confined 
spaces such as chemical tanks, vats, and 
silos could be easily accessed from 
above. . 
(See page 75.) 
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Only Bentley's comprehensive mechanical engineering 
products do it all in a single system [\lieroStation Modeler-: Provide all of the 

Here's where it all comes together. ow you can design, document infonnation you need for desi~n and manufacturing, 
and share your ideas all within a fully integrated environment. includin~ assembly management aud simulation. 

Bentley has assembled a complete offering of mechanical l\IicroStation- J\fQsterPlcce- : An intuitive 
engineering products. Products that cover every aspect of \'i ualization tool for advanced renderin~ and 

mechanical engineering design, streamlining every tep of your 
workflow. Bentley's Single Engineering lodel helps you move 
through the product cycle from conceptual design to 
manufacturing, through simulation, analy is, preproduction, 
engineering and manufaCturing. When you make changes to your 
design, all components-including documentation-are updated 
automatically, virtually eliminating errors and omi sions. 

The Bentley Engineering Back Office'" range of products unites 
desktop engineering sy terns with enterpri e IT and database 
y terns for information haring via the Internet Best of all, our 

products are scalable to meet the demands of your projects
bringing together best-in-class applications into a ingle, 
powerlul olution. 

Go from concept to final design with Bentley. Call 
1-800-BE: \fLEY for a free demo CD or visit www.bentley.com 

mechanism imulatioll. 

[\licroStation Teaml\lateN 96: robu t workflow 
and document management product. 

co • IOSll\t- DESIGlIER Il: For fully intewated 
structural analysis u in~ tate-of-the-art FFEe 
(Fast Finite Element) analr is technolo~y. 

ADAMS·1l\1 Meehani rus: For assembly imulation. 
e\'aluation of motion paths and calculation of joint 
forcc . 

E PRlT/l\f N: An integrated ra~c of sheet metal 
de. i~n and manufacturin~ products. 

lloldDesjgD~: An innovAtivc product for dC'iguing 
mold bues for the injection mold industry. 

610-45 -5000 · OO-BENTLEY - FAX: 610-458-1060 • www.bentley.com 
WcroStatlon and MlcroS .. ujon Modeler are regi>tered trademarks. Entineerln~ Back Office, Ma.:,..rrPl-, TeamMate, MoldDt:s~. Bentle)' and the "B" Bentley 
logo are tradeIlUlrks of Bentley Systems, Incorporated. COSMOSl!.( ana FFE are re@itered trademarks or StruCtural Research 8< Analvsis Corp. ESPRIT/MS is a 

tnJdemark of DP Technology Corp. ADAM is a registered trademark of Mechanical DynamiCS, Inc. C 19')7 Bentley Systeins, Incorporated 

For More Infonnatlon Write In No. 650 

BENTIEY 







•• [!']esign Team Collaborates 
Via the Internet 

CATIA TM lid modeling software 
mM 
White Plains, NY 
914-642-046!1; e-mail: cscott@vnet.ibm.com 

The X-33 will launch vertically like a rocket and land 
horizontally like a plane. 

_.20ftware Tools Guide NASA's 
Automated Spacecraft 

MULTI software development environment 
Green Hills Software 
Santa Barbara, CA 
805-96s.6044· fax: 805-96s.6543 

, ASA's :-':ew Millennium Program (;'I.~lP) is an initiative 
intended to increase the frequency and efIecti\'ene s of near
Earth and deep- pace mi sions. To do so. the ,\~lP will uti
lize a fleet of smaller, simpler, Ie expensi\'e craft that work 
in concert to soh'e complex problems, The craft \\ill be 
endowed "ith adyanced planning and deci ion-making 
capabilities that enable them to solye complex na\igation, 
data collection, and other mis.ion problems autonomously 
with minimal inplll from ground control. 

:-':ASA's Jet Propulsion Laboratory and Ame Research 
Center are developing and \'alidating technologies needed 
for autonomous operation and multi<rafl coordination. 
The first validation flight is scheduled for July 199B, begin
ning with Deep Space I, \\Chich ,,;11 be the fir t planetary 

Coast-to-coast. en~ineer de\'eloping lhl.' _ '-33 spacecraft pro
tnt} pe aft! "orkim: a a tl.'am. as ir till'\' wl.'re all in the ame loca
tion. OH~I the III.'\.t 'hrel.' wars, thl.'\ will preparl.' the H'hicle for 
the fii"'t of 15 lesl flighls to take plan' between ~Iarch and 
Dt'cembn 19Y9 Th, \.-3:i. \I bieh ha, bcen dubbed Yemure tar, 
will launch \l.'fltGIIh- likl.' a rllCket and land hori/ontalh like a 
plane. ' 

The X-:~:~ dl',iglll'r, are working (oncurn'mly "ith access to 
the samc information in rl'al llme \ la enClypted data acce,sed 
from the Inlernet. The\ are ming as their primary de ign tool 
CATIATM solid modelmg software. which pronde, a common 
.lI1d eonsi,tcl1l database of de'ign information. 

Engint'ers at the X-33' main a sClI1bly location. Lockheed 
~rartin's kunk Work, in Palmdale. C\. are coordinating the 
elTon. working with design engineers in companies deyeloping 
X-33 pan, in Colorado. 1\ew Orleans. '\ ew Jer ey. and 
California. In addition. kunk Works is ~lIpphing data cominu
ously to ,\A<,A center 111 \'irglnla. \Iabama. Texa,. and 
Califoll1la. 

Ther are using CATI.\ to generate 3D concepts and 
update them to the point that the designs can he anahzed 
for their aerodvnamic and strue IUral featUres, "'hen an indi
yidual part IS ready. 1l i, ent to kunk \\'orks for integration 
into the prototype. 

\Iany of the part5 will be produced without any hand5-()n pro
duction; the\ will go directly from 3D modeling to numerically 
controlled machine for manufacture. "CATL\ pro\'ides us with 
more complete data earll' and makes it pos,ible to ,ee lhe total 
piclllre of a particular design earlier in the development 
process," said desi~n engineer ~rar k Wexlel, senior "pecialLst at 
Skunk 'Works. "It provides \'isuali/ation for groups outside the 
actual design process. which is a significant adyantage since 
they could know something we aren't aware of and thereby help 
us to keep monng III the right direction." 

pacecraft flown with completely automated na\;gation, 
guidance, and control systems. The fLr t mission will be fly
b\ of small cele, tial bodies such as comets and asteroids . 

NASA's Deep Space 1 craft will be controlled autonomously. 

22 

. . JPL ,elected ~ruLn software deyelopment tools, optimi7ing 
compilers, and C and C++ compilers to develop oftware that 
implements the bulk of Deep Space l' mi sion planning. flight \ __ 
tern control, na\;gation, and attitude control functions, A \ ,\fEbus 
system will provide all of the na\igation. guidance, control. propul
sion, in trumcntation, and telemetry electronics for Deep Space L 
A radiation-hardened PowerPCbased CPL' board running the 
VxWorks real-time operating system "ill serve as the main con-

troller. It executes a LI P program that handle fault reco\'el!', a 
C++ program that prO\ides mission planning, and a C program that 
handle, flight systems control, attitude control. and na\igation. 

Deep pace I will be used to validate several :-"~fP technologies. 
indud.ing an autonomy remote agent that pro\ides overall misotion 
planning and control for the craft; autonomous cruise optical na\i
gation and control; beacon mode operation that implify ground 
conu'ol and reduce telemetry co ts; and an advanced celestial sensor. 

w\\w.na<;atech.com :-':ASA Tech Brief ,June 1997 



Backup 64 GB An Hour To The 
Strongest Tape Eller Made 

Plug Compatible 
With 

Alliant 
Alpha Micro 

Altos 
Amdahl 
Apollo 

Arix 
AT&T 

Basic ... 
Bull 

Concurrent 
Convergent 

Data General 
Digital 

GouldlEncore 
Harris 

Honeywall 
HP 

IBM PC/Compatible 
IBM MidrangelMainframe 

ICL 
Intergraph 
Macintosh 

McDonnall Douglas 
Motorola 

NCR 
NeXT 
Novell 
Pertec 
Prime 

Pyramid 
Sequent 

Silicon Graphics 
Stratus 

Sun 
Texas Instruments 

Unisys 
Ultimate 

Wang 
Windows NT 

----

Let's face it, your backup is only as good as your tape. And all the performance 

in the world won't get your data back if your tape is weak or dirty. Fortunately, 

there's no need to compromise. The CY-SOOO is the safest, the most 

reliable, and the fastest Smm tape drive on the market. 

The CY-SOOO uses Advanced Metal Evaporated media, a 

100% cobalt, 2-layer tape that features a diamond-like coating for 
exceptional durability. And it's the only Smm drive with a built-in head cleaner 

to keep the tape path free of contaminants, further ensuring data integrity and 

virtually eliminating the time and expense associated with cleaning kits. 

In addition to superior design, the CY-SOOO offers unbeatable performance. Able 

to store 25 GB at 3 MBS, uncompressed, you can achieve up to 125 GB at 9 MBS 

with optional data compression. With 257% more capacity and 500% 

greater speed* than industry standard Smm drives, the CY-SOOO can 

backup faster to fewer tapes. 
7IJe supmt>r tksIsn oj Ibt 

AMli ""'" "",.los u ,./Jablt 
10' 2O.rXXl ptISSG. 

For maximum flexibility, our exclusive Advanced SCSI 

Processor option provides five recording modes - striping, 

mirroring, cascade, independent, and offline copy/verify. So you can 

easily make duplicate tapes for off-site storage or data exchange, build fault 

tolerance, or simply maximize performance to accomplish bigger backups in 

less time. With the Advanced SCSI Processor, you've got a complete data 

storage management tool. 

Available in a single or multi-drive desktop, rack mount, or library 

configuration, the CY-8000 is scalable to 15.75 terabytes. If you need to 

ensure the safety of your company's critical data, don't trust anything less. 

"--4'" 

AlillmJa~ dCUU 

IOUPIOSU 
drusand 

J26lOpen"b 
our lttl6illl<1U 
1IZpt"bm,J'. 

• Uncompressed; CY-BOOO performance advantages 
are even more impressive with data compression. 

(757) 833-9000 
:~\. 1"::: : :NETICS = -:.: :.......-:'_- : : 
~ :- ~=-:~ 
~ : ~=---: ~ 

111 Cybernetics Way • Yorktown. VA 23693 • Fax (757) 833-9300 



power." said Da\;d Mc:'vIahon, a Johnson 
Engineering project engineer at john on 
pace Center. 
To e\'aluate lifting capacity, torque calcu

lations were necessary at thousand of dif. 
ferent position of the wrist. elbow, and 
shoulder joinrs. Further, at certain po i
tioru, some portions of the arm rise above 
the water' urfuce. A variety of simulation 
methods. including non-li.near buckling 
and contact analvse , were performed "ith 
the Al\lSYS design analysis and optimiza
tion software. An in-hou e proprietary 
loads analysis routine was combined with 
tbe A.7\JSYS capabilities to design the new 
arm. 

The WRMS wrist and end effector are shown out of the water in the 25·foot tank at 
Johnson Space Center's Weightless Environment Training Facility. 

For the robol ann optimization, ANSYS 
was not performing a finite-elemem analy
sis with each design iteration. It used the 
results from lbe johnson Engineering 
load program as though the" were analysis 
results. "Our program gave ANSYS the 

mlining Design of an Astronaut 
Training Device 

ANSYS® design analysis and optimization software 
ANSYS, Inc. 
Houswn,PA 
41%-746-3S04; fax: 41%-746-9494 
http://www.ansys.com 

The Weighdess Environment Training Facility Remote Ma
nipulator System (WRMS) is a computer-controlled. sevenjoimed 
robot arm. that is 50 feet long and built almost entirely of titanium. 
It operates underwater in a 25-foot tank at NASA's john on Space 
Center's Weighdess Environment Training Facility, which is used to 
simulate weightles ness for astronaut training. johnson 
Engineering Corp. of Webster, TX worked with engineers at 
Engineering Cybernetics of San Antonio to redesign the ann, 
which weighs 800 pounds less than it~ predecessor, but can lift 200 
pounds compared to the 50-pound limit of the original ann. 

The design of the WRMS is completely different than that of the 
shUltle arm, since the shmde arm operates in zero gravity, nOl on 
Earth. The challenge was to simulate the operation of the shuttle 
arm during flight. "The WRMS has dle ame volume and controls 
as the real thing. but it is run with hydraulic instead of electric 

force and torques, and it used that infor
mation to determine the maximums at each jOint," said McMahon. 
ANSYS also was used to perform a non-linear buckling analysis of 
the ann's two booms. 

All analyses were performed while the robot arm design was in 
progress. Se\'eraJ parts of the arm unden\'em major changes when 
analysis showed the original design would not meet stress and 
deflection requirements. 

Using the WRMS. an astronaut is trained to handle a shuttle 
payload in a weightless environment . 

•• i!iASA Tracks Satellites With Commercial Software 

24 

Epoch 2000 software 
Integral Systems Inc. 
Ianbam,MD 
301-731-4235; fax: SOl·7S1-9606 
http://www.integ.oom/ 

The number of personnel nece sary to track NASA's low
earth-orbit (LEO) satellites is being reduced, and the capabili
ties of ground systems are being boosted with the aid of Epoch 
2000 software. Several satellite command and conuol functions, 
including launch control and monitoring, and in-orbit opera
tions support are provided by the , IX-based software, which 
is being integrated by engineers from AlliedSignal of Columbia. 
MD inlO a groUJld system called Low Earth Orbit Terminal 
(LEO-T) . LEO-T wiU be installed at NASA facilities at Wallops 
Island, VA and Fairbanks, AK this year. 

The software will generate its OWI1 schedule for monitoring 
LEO alellites and automate other satellite monitoling func
tions tllal formerly required the expertise of a NASA specialist. 
"The big improvement in the system is the automation: said 
Steve Bundick. a ASA engineer with Goddard Space Flight 
Center's Wallops Flight Facility. "Our statement of work 
required the system to operate unmanned." Bundick said NASA 
chose the off-the-shelf software to "keep cosrs down and give 
better reliability." 
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@ Apparatus Measures Directional Reflectance Properties 
Advantages include precision and automation. 

j1SA:S Jet Propulsion Laboratory, Pasadena, California 

A computer-controlled, emiauto
mated apparatus measure the bidirec
tional reflectance distribution func
tions (BRDF ) of panel pecimens of 
materials at three wavelengths. Other 
vi ible and near-infrared wavelength 
can be conveniently added. Designed 
originally for characterizing nearly 
Lambertian panel that will erve as 
internal diffu e-reflection calibration 
standards for a spaceborne imaging 
radiometer, the apparatus can also be 
used to characterize other diffusely 
reflective panels. In comparison with 
other apparatuses that also measure 
BRDFs, this apparatus offer advan
tages of a four-axi angular-positioning 
capability that facilitates characteriza
tion of ani otropic specimens, greater 
measurement precision, and comput
er control of the acqui ition and pro
cessing of data. 

The apparatus (see figure) includes 
a helium/ cadmium laser with a wave
length of 442 nm, a helium/ neon 
laser with a wavelength of 632.8 nm, 
and a gallium aluminum arsenide 
semiconductor diode laser with a 
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wavelength of 859.9 nm. The laser out
put i directed sequentially through a 
beam-expanding telescope to produce 
a magnified collimated beam. Thi 
beam is then reflected through a lin
ear polarizer, which eparates the 
beam into a reference beam and a sig
nal beam that are decoupled from 
each other. The reference beam goes 
directly to a silicon photodetector (the 
reference photodetector), which thu 
provides a mea ure of the inten ity of 
the signal beam. The signal beam 
strikes the panel specimen, and the 
portion of light reflected from the 
specimen in a given direction is mea
sured by another photodetector (the 
reflected-radiance detector) that is 
po itioned and oriented to receive 
light in that direction. By using the 
ratio between the output of the reflect
ed-radiance detector and the refer
ence detector as the raw reflectance 
signal, this apparatus inherently mini
mizes the effects of any amplitude 
instability in the selected la er. 

The panel specimen is centered on 
the optical axis of the signal beam, 

Reflected-Radiance 
Photodetector 

Reference 
Photodetector 

and the reflected-radiance photode
tector i mounted on a 3O-cm-long 
boom that extend radially outward 
from the center of the panel. The 
panel specimen and the boom are 
mounted on a four-axis goniometer 
that includes rotary stage driven by 
high-torque dc motor and monitored 
by shaft-angle encoders. nder com
puter control, the rotary tage can 
reproducibly orient the specimen 
panel and the reflected-radiance pho
todetector at various angle to obtain 
BRDFs over wide range of angles. The 
level of repeatability and re olution of 
angular po itioning is 0.01 °. The over
all precision with which the apparatus 
can determine the BRF of a specimen 
is represented by a standard deviation 
of a factor of 0.002. 

This work was done by Brendan T. 
McGuckin, David A. Haner, Robert T. 
Menzies, Carlos Esproles, and Alan M. 
Brothers of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, write in 11 on the TSP Request Card. 
NPO-19806 

Mirrors 
A 

y 

Lasers 

The Panel Specimen Is Illuminated at a selected one of three wavelengths and at a specified angle of incidence, and the light reflected at a specified 
other angle is measured. All angular settings, acquisition and processing of photodetector readings, and other functions are performed under com
puter control. 
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imply 
TSTANDI G 

The • reYlews 
arelD! 

Throughout CoreLDRAW 7, you'll lind 
impressive new ease of use 
enhancements. 

Graphics artists who want a 
well·rounded suite should give 
CoreLDRAWa clolle look. 

CoreLDRAW 7 is a full-featured graphics 
suite with state-of-the-art tools. 

Windows Sources, January 1997 

Draw 7 will be an excelknt choice for 
any Web page designer . . .. Draw 7 
represents a real leap forward • ... 
Draw users will cheer. But I think the 
real.tory about Draw 7 is its 
accessibility to new users. If you've 
never used an illustration app before, 
Draw 7 makes it easy. 

Government Computer News, 
November 1996 

Graphics profu.ionat., take not.,; 
if you have the power, Corel has the 
program. CoreLDRAW 7 is a feature
packed behemoth with something to 
pfetue professional illustrators, graphic 
artists, and desktop publishers alike. 

CINeLcom, November 11, 1996 

CoreLDRAW 7 is the most stable and 
well-developed version of the program 
yet. Corel has taken the strongest 
elements from previous 
versions-CoreLDRAW, Corel PHOTO
PAINT, and CoreLDREAM 3~d 
made them easier to use, more reliable, 
and more unified as a suite. 

PC Graphics & Video, December 1996 

At this point, no other graphics program 
oRers the breadth of features or 
comprehensive automation capabilities 
found in CorelDraw 7 Graphics Suite. 

PC Magazine, February 18, 1997 

For the lint time in several years, 
CorelDraw's interface has changed 
significantly, yielding such innovations 
as a context-sensitive toolbar that 
alters according to the drawing tool 
you're u.ing. 

PC World. January 1997 

Copyright 0 1997 ContI Co<pota~on. All rig~ .. resaMId. Cor.1. CoreIO .... W ..... CoNI ·.""" · .... ..,. -_ ....... 
or rogm...d trodemorb 01 Corol Corponriion Of Corel Corpon>hOfl Um"od. AII01he< font . pri.d.,.e .. r;lii"""ny 
trodemor1cs or rogid ered trademarks of their nKpective companies 

Productivity, Power and Precision 

Exceed the boundaries of traditional 
design with CoreIDRAW'" 7. Creoted for 
the professional illustrator, graphic artist 
and desktop publisher, CorelDRAW 7 
includes Corel PHOTO·PAlNT'" 7 for 
photo editing and bitmap creation and 
Corel DREAM 3D 7 for 3D modeling and 
rendering. Optimum performance is top 
priority with foster open, save and redraw 
across all applications. Interactive tools 
and utilities give you onscreen feedback, 
making the design process more intuitive. 
Explore your creotive potential with 
Corel DRAW 7 and ottain the impossible! 

Includes: 

Also included: 
• Eight powerful utilities 
• 32,000 clipart images and symbols 
• 1,000 photos 
• 1,000 TrueType and Type 1 fonts 
• Over 450 CoreIDRAW'" templates 
• 250 3D models 

For More In1ornYtion Write In No. 627 



• Millennium Modem/ Channelizer Special Test Equipment 
The equipment can be modified for testing different modems and multichannel 
demultiplexer I demodulator systems. 
Lewis Research Center, Cleveland, Ohio 

The Millennium modem/ channeliz
er special test equipment ("test set" for 
short) is a fully programmable a sem
bly of bit-error-rate electronic test 
equipment for broadband characteri
zation of modems and of a multichan
nel demultiplexer/ demodulator. The 
test set in its baseline configuration 
was designed for testing a specific 
wideband modem and channelizer 
that is capable of demultiplexing fif
teen 80-MHz-wide channels stacked 
across the frequency band from 1.20 
to 2.48 GHz. The test set is also 
designed to be readily modifiable for 
testing other modems and multichan
nel demultiplexer/ demodulator sys
tems. Developed for the Advanced 
Research Projects Agency, in a team
ing effort with Honeywell, TRW, 
Raytheon, E-Systems, and Wright 
Patterson AFB, the test set is also avail
able for use in industry. 

The test set (see figure) contains 
three Broadband Integrated Services 
Digital Network (B-ISDN) modulators 
that generate octonary-phase-shift
keyed (8-PSK) data signals like tho e 
encountered in operation. These sig
nals are mixed with local-oscillator sig
nals for up-conversion and stacking in 
frequency in three adjacent channels 
in the set of communication channels 
to be passed through the multichan
nel demultiplexer/ demodulator sys
tem to be tested. An attenuator is used 
to adjust the power of the signal in 
each channel. The test set then mea
sures the bit-error rates of the signals 
put out by the modem, providing a 
characterization of both the demulti
plexing and demodulation functions 
of the system. 

In addition to the requirement of 
reconfigurability for testing different 
sy tern , two important requirements in 
developing the te t et were to keep the 
cost down and to complete the te t set 
in a timely fashion. These requirements 
were satisfied by using, as much as po -
ible, a combination of purchased off

the-shelf equipment and equipment 
already in NASA's pos ession. 

The test set is automated to provide 
the capability for expedient, reliable, 
reproducible tests. All equipment i 
computer-controlled via a general-pur
pose interface bus (GPIB) , a Versa 
Module Europa Bus Extensions for 
In trumentation (VX1) bus, and RS-
232 serial interfaces. Signals can be 
coupled off to a power meter and a 

Image-Rejection 
Filter 

\ 

spectrum analyzer for continuous 
monitoring, without need to remove 
connections during calibration or 
debugging. All clock and local-oscilla
tor signals are supplied by digitally syn
thesized signal generators. Attenu
ation and switching functions are pro
vided via VXI circuit cards. 

This work was done by William D. 
Ivancic of Lewis Research Center. For 
further information, write in 47 on the 
TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-J6428. 

ATTN = Attenuator 
BER = Bit-Error Rate 
LO = Local Oscillator 

MCDD = Multichannel Demultiplexer/ 
Demodulator (System to be Tested) 

MOD = Modulator D = Controlled By Computer 

The Millennium ModemlChannelizer Special Test Equipment synthesizes 8-PSK data-commun ica
tion signals for processing via the system under test, then measures the bit-error rates of the 
processed signals. 

~ Portable FfIR Scatterometer Measures Surface Contaminants 
Nondestructive measurements can be performed in the field. 
Marshall Space Flight Center, Alabama 

A rugged, portable Fourier-trans
form infrared (¥fIR) scatterometer 
has been developed for use in rapidly 
and nondestructively identifying and 
measuring quantities of greasy and 
oily contaminants on solid surfaces. 
This instrument is meant to be used in 
conjunction with other contamina-

28 

tion-measuring instruments to ensure 
that inspected surfaces are clean 
enough for subsequent coating and/ 
or adhesive-bonding treatments. 

Typical contaminants include fluo
rocarbons, silicones, hydrocarbons, 
and other organic compounds. 
Commercial laboratory FTIR spec-

www.nasaLech.com 

trometers can be used to identify and 
measure such contaminants, but are 
too large and delicate to be carried 
into the field to inspect surfa.ces at all 
orientations in situ; thus, it is neces-
ary to engage in destructive inspec

tion procedures wherein one cuts 
small coupons out of inspected sur-

NASA Tech Briefs,June 1997 
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Element Analysis? FEAfAP 

• Intuitive, True Windows User Interface 
-------

• Easy to Learn 

• Context Sensitive, On-Line Help 
-------
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• Exten ive Model Checking 
--
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face and bring them to the laboratory 
instruments. 

FTIR pectro copy i a powerful tool 
for chemical anal sis and is a mature 
di cipline that has made excellent u e 
of recent progre in computer hard
ware and oftware. In a typical FTIR 
pectrometer, a collimated beam of 

infrared light in the wavelength range 
of 2 to 25 pm (the predominant wave
length range of black-body radiation at 
a temperature of about 1,600 K) i 
modulated by a Michel on interferome
ter, focused onto or through a peci
men, and refocu ed onto a detector. 
The detector outputs are digitized and 
the re ulting data are Fa t-Fourier
transformed into a spectrum of beam 
inten ity, in arbitrary units, as a func
tion of wavelength or wave number 
(reciprocal of wavelength). The spec
trum gives data on the identitie and 
amoun ts of chemical functional groups. 

In a given application, FTIR pec
tro cop invol e measurement of 
either tran mittance, diffu e reflec
tance, or pecular reflectance. Each of 
the three type of mea urement is 
advantageou for orne kinds of p ci
men. The pre ent in trument utilize 
diffu e reflectance, which is preferable 
for measurements on rough and/or 
curved urrnce; e.g., flat or curved ur
face that have been sandblasted. 

The pre ent instrument ( ee figure) 
i an automated, computer- controlled, 
high-performance FTIR pectrometer 
with an integral mea urement head 
that includes a diffuse-reflectance opti
cal mea urement head, all in a com
pact, lightweight package that features 
rugged con truction for use in the 
field. The FTIR pectrometer i a com
mercially available unit adapted to 
fit into the package. The diffuse
reflectance optical measurement head 

i a half- cale vel' ion of a commercial 
unit that contain ellip oidal ("barrel 
ellip e~) and off-axi paraboloidal 
reflectors; the barre\-ellip e de ign pro
vide for collection of cattered radia
tion and exclude pecularl reflected 
radiation. The in trument weigh Ie 
than 13 Ib (6 kg) . The computer can 
be programmed to provide pectral 
matched filtering, enabling automated 
identification of pectral feature. 

This work was done by Bill H. Nerren oj 
Marshall Space Flight Center, C. Louis 
Powell oj Martin Marietta Energy Systems, 
Inc. , and John T. eu and R. amuel 
Dummer oj SurJace Optics Corp. For Jw·ther 
information, write in 22 on the TSP 
Request Card. 

Inquiries concerning rights Jor the com
mercial use oj this invention should be 
addressed to the Patent Counsel, Marshall 
pace Flight Center; (205) 544-0021. ReJer 

to MFS-26421. 

Control Area 

Purge Gas 

Distance up to 
100 feet 

INSTRUMENT AND ANCILLARY EQUIPMENT 

FTIR 
Spectrometer 

Radiation From Source 
Focused On Specimen Surface 

Note: ·OAp· denotes an off-axis paraboloidal reflector 

OPTICAL LAYOUT 

The Portable FTIR Scatterometer includes a scaled-down version of a commercial diffuse-reflectance optical measurement head combined with a com
mercial FTIR spectrometer in a compact, lightweight package. The instrument operates under computer control, is nondestructive, and can be used in any 
orientation. 
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@ Full-Flow-Field-Tracking Particle-Image Velocimetry 
Velocities and accelerations can be determined over entire flow fields. 
Lewis &search Center, Cleveland, Ohio 

Full-flow-field-tracking (FFIT) parti
cle-image velocimetry (PlV) i a tech
nique for obtaining quantitative and 
qualitative data on flow from e
quence of image of mall seed parti
cle entrained in the flow . FFIT PlY i 
clo ely related to other velocimetric 
methods, de cribed in everal previou 
article in 1\ 1\ Tech Briefs, that are 
also denoted by "PN" and by imilar 
name like "particle-tracking velocime
try" (PTV) and "particle-disptacement 
tracking" (PDT). 

The figure schematically illustrate a 
flow experiment conducted with a 
FFIT PlY apparatus, which is imiJar 
to the apparatuses used in the other 
techniques mentioned above. Il
lumination is upplied by a continu
ous-wave argon-ion la er with a power 
of W. An assembly of cylindrical len -
es form the la er beam into a heet of 
light to illuminate a plane of interest 
in the te t ection of a wind tunnel, 
water tunnel , oil tunnel, or other flow 
apparatu. 

The flow is seeded with highly 
reflective particle with size up to 
about 10 Ilm. For studying flow of 
water or oil, a uitable particle materi
al is Mg02' which is nearly neutrally 

buoyant in tho e liquid . For tudying 
flows of air, the election of particle 
materials is more problematic; care 
mu t be taken to eliminate purious 
particle motion (e.g. , bouncing off 
urface of objects) in pecific experi

mental regime. 
A low-Iumino ity charge-coupled

device video camera with a re olution 
of 756 horizontal pixel by 581 vertical 
pixel i focu ed on the illuminated 
plane. The camera i equipped with 
long-di tance-micro cope optic that 
can magnify a elected portion of the 
plane by a factor as large as 100 to 
reveal detail of the flow field. The 
output of the camera can be either 
digitized and tored directly in a com
puter memory or else recorded on 
video tape and ub equently digitized 
for proce ing by the computer. 

The camera operates at a frame rate 
of 30 Hz; thi frame rate is adequate as 
long as the flow under ob ervation is 
not so fast that image of particles 
become continuous treaks aero s the 
field of view. To provide stroboscopy 
for viewing such rapid flows, the opti
cal sy tern includes a rotating laser
beam-chopping disk. The speed of 
rotation can be chosen to obtain strob-

Backing Washer ,""nll",,,nr 

Oil Reservoir 

ing frequencie at integer multiple of 
30 Hz, up to a maximum of several 
kilohertz. 

equence of image are proce ed 
b a computer integrated image-quan
tification ( IIQ) method, which i a 
partly manual , partly automated 
method for iden tifying image of indi
vidual particle and tracing their 
motion aero the flO\ field during a 
cho en ob ervation interval . The CIIQ 
method involve three computer pro
grams called "FACT," "S AP," and 
"VADT." sing calibration images 
obtained by focu ing the video camera 
on graph paper, FA T generate mag
nification fa tors for the recorded 
image . Then by use of a digitizing 
puck (similar to a mou e) and pad 
along with S AP, a technician visually 
identifie and digitize the position of 
each particle of intere t in the succe -
sion of strobe or frame interval that, 
collectively, con titute the observation 
interval. The technician continues thi 
proces until the digitized particle tra
jectories are ufficiently numerou to 
repre ent the flow field to the desired 
level of detail. 

The digitized trajectory data are fed 
to VADT, which fits the equence of 

An Ojl Tunnel Is Instrumented with an FFFT PIV apparatus to study flows through brushes that represent brush seals in turbomachines. The FFFT PIV appa
ratus has also been used to study flows of water past cylinders, airfoils, and other objects, and flows of air past an array of pins in staggered rows. 
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po iUon of each particle to a polyno
mial (up to ninth order) function of 
time. elocitie and acceleration are 
computed as the first and second deriv
ative , respectively, of the polynomials. 
The re ulting velocity and acceleration 
data from the magnified mall area of 
the plane of intere t are then computa-

tionally as embled to obtain a repre
sentation of the flow field throughout 
the plane. 

This work was done by Victor A. Canacci 
and M. Jack Braun of the University of 
Akron for Lewis Research Center. For 
further information, write in 94 on the To 'P 
Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to ltSA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent tatus, Mail top 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
Refer to LEW-16309. 

tj Optimization of Particle-in-Cell Codes on RISC Processors 
A combination of strategies yields appreciable speedup. 

fASA's Jet Propulsion Laboratory, Pasadena, California 

Several trategies for maximizing the 
speed of execution of particle-in-cell 
(PIC) code on reduced-in truction-set
computer (Rl C) proces or have been 
developed. PIC codes have long been 
used in plasma phy ics to compute 
motions of charged particles in electric 
and magnetic fields generated by them
selve . Algorithms for efficient execu
tion of PIC code on parallel processors 
were available prior to the 
development of the pres-
ent trategies, but these 
algorithms do not address 

erations. Each particle reads the elec
tric field from several nearby grid 
points and each grid point is read by 
many particle. The e three main parts 
are repeated for as many time tep as 
desired. The depo it and pu h teps are 
characterized by memory reference 
that are effectively random and change 
from one time tep to the next, making 
these steps challenging for computer-

Push 

memory sy terns that are optimized for 
regular reference patterns. 

The optimization trategies fall into 
two categorie , one of which involves 
reorganization of data to improve uti
lization of cache memory. This category 
includes strategies for storing data on 
particles, or on both particle and 
field, at contiguous memory location. 
Also included in this category is a strat

egy for improving reuse of 
cache memory by occasion
al sorting of particles (see 
figure) . 

The second category 
involve reorganization of 
code to increase the effi

the efficient implementa
tion of the codes on indi
vidual processors. The 
present strategies are 
intended to fill this gap. 

Deposit 
... __ ,_",, __ ,. ________ .... w_\.oI#J .. ,-___ --... -,_ .. ,,., ... - ciency of pipelined arith

metic. trategies in this cat
egory include removing The strategies were eval

uated in computational 
experiments, using an es
tablished and previously 
well-tested Fortran electro
static-field/ charged-parti-
cle PIC code. The particu
lar code was chosen 
becau e it is conceptually 
imple yet adequate for 

demonstrating the strate
gies. The time step in an 
electrostatic PIC code com-
pri es three main parts: 
deposit, field solve, and 
push. In the deposit step, 
charge i de po ited from 
the particles onto a grid to 
find the charge distribu
tion. Each particle deposits 
charge to several nearby 
grid points and many parti-
cles deposit charge to each 
grid point. In the field
solve tep, a Poisson equa
tion i solved on the grid to 
find the electric field. In 
the push step, the electric 
field is interpolated to the 
particle to find their accel-

34 

of 
E 
1= 
::J 
Cl. 
() 

of 
E 
1= 
::J 
Cl. 
() 

,,-,,' " 

.,' 
-,,-

" 

Number of Time Steps 
325 

" Deposit 
,#' LfII,-, ... ,- ... " ... -..... -....... \~.#- .. ",·.,\..".."· ... - .. -,,,#,'~# .... ·, ... --' .. --~ 

Number of Time Steps 
325 

Central-Processing-Unit (CPU) Time for the push and deposit steps in a test 
case involving 327.680 particles tended to increase. in the absence of sorting. 
as particles became randomized by the computation. A simple bin sorting rou
tine applied every 25 time steps proved effective in limiting the increase in 
CPU time without incurring excessive sorting overhead. 

www.nasatech.com 

"IF" statements, reordering 
calculations, precalculating 
integer conversion, using 
one-dimensional address
ing, and separation of 
"load" and "store" opera
tion in the deposit step. 

The results of the te ts 
showed that no single trat
egy made a huge difference 
when applied alone, but 
that substantial improve
ments in performance (in 
terms of increases in proces-
sing speed) were achieved 
by aggregating the trategies. 
The amounts of improve
ment differed among proces
sors and ranged between 
factors of 1.38 and 3.43. 

This work was done by 
Viktor Decyk, Steve R. 
Karmesin, and Paulett C. 
Liewer of Caltech and Aeint de 
Boer of UCLA for NASA's Jet 
Propulsion Laboratory. For 
further information, write in 
12 on the TSP Request Card. 
NPO-19866 
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@ Digitized X-Radiographs Indicate Densities in Ice Samples 
Modern image-processing techniques are used. 
Lewis Resean;h Center; Cleveland, Ohio 

Remove Sample 
of Ice From Airfoil Microtome X-Ray Sample Scan Film Analyze Image Data in Computer 

An improved 
method for mea
suring the local 
and tOtal den i
tie of ice accret
ed on airfoils 
incorporates con
tact x-radiogra
phy, along with 
modern image
acqui ition and 
image-proce ing 
techniques (ee 
Figure 1) . The 
method was de-
veloped to facili

Figure 1. A Sample of Ice From an Airfoil is sliced thin on a microtome and used to make an x-radiograph. The radiographic 
image is digitized and processed to determine the local density of ice throughout the sample. 

tate a more detailed study of internal 
characteristics of ice formed on airfoil 
in wind-tunnel experiments under con
dition that resemble tho e encoun
tered in flight. Measurements of densi
ty, like those provided by this method, 
are needed to study the structure and 
formation of ice and to improve density 
values employed in computer program 
that mathematically model the accre
tion of ice. 

The improved method was derived 
partly by extending an older contact-x
radiographic technique for measuring 
the densities of ice in hail tones. In the 
improved method, the first step is to 
remove samples of accreted ice from a 
test airfoil and store them in a freezer. 
Next, while maintaining a temperature 
of 0 OF (-18 °C), the sample are sliced 
on a band saw to a thickness of about 10 
mm, then further cut on a microtome 
to obtain samples with parallel sides 
and with a thickness of3 mm. Each sam
ple is placed on polyethylene tereph
thalate film on top of a sealed packet of 
x-ray film. Also placed on the film is a 3-
rom-thick reference sample of clear ice. 
The samples and film are then exposed 
to x rays. Typical exposure condition 
are a ource potential of 25 kV, source 
current of 1 rnA, and exposure time of 
30 econds. 

To extract fine detail, the radi
ographs are scanned by a high-re olu
tion film scanner with a resolution of 
1,100 pixels per inch (433 pixels per 
centimeter) . Then the digitized image 
data is proce sed to convert local image
intensity values intO local ice-density val
ues, using the image intensities and the 
known density of the reference ample 
as calibration data. 

This method affords everal advan
tages. The radiographs reveal interior 
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density variations that would ordinarily 
be concealed from the naked eye. 
Digitization of the images make it pos-
ible to use image-proce ing tech

niques to determine the positions of 
image feature witl1 high repeatability 
and accuracy. Image-proce ing tech
nique can be used to evaluate ice for
mation and morphological anomalie 
or to reveal features 
(see Figure 2) or char
acteristics that might 
otherwise go unno
ticed. Digitization also 
makes it convenient 
to store and retrieve 
image data, and elimi
nates the need to 
handle original radi
ographs for each an
alysis. 

information, write in 48 on the TSP Re
quest Card. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to j<\SA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Rnad, Cleveland, Ohio 44135. 
Refer to LEW-16430. 

IMAGE OF GLAZE ICE SAMPLE 

Variability in the 
results obtained by 
this method can be 
attributed to two 
sources: (1) quantiza
tion error and (2) 
nonuniformity in the 
thickne ses of ice sam
ples. Quantization er
ror can be reduced by 
digitizing the image 
to greater numbers of 
bits. Thicknesses of 
samples can be made 
more nearly uniform 
by taking smaller slices 
to reduce flexing of 
the microtome blade. 

THRESHOLDED IMAGE OF GLAZE ICE SAMPLE SHOWING AIR POCKETS 

This work was done by 
Mario VaJgas of Lewis 
Research Center and 
Howard Broughton and 
James Sims of Cortez ill 
Service Carp. For further 

EDGE· DETECTED IMAGE 

Figure 2. These Images Were Obtained by Digital Processing of an x
radiograph of a sample of glaze ice. Note how thresholding of den
sity levels and the application of an edge-detection algorithm reveal 
different aspects of pockets of air trapped in the ice. 
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What Is Boundless 
novation? 

TechOptimizer Professional Edition is the 
only software product that assists you in the 
conceptual stage of design. This product offers you 
a systematic approach for thinking outside the box 
and generating neIN solutions without compromise. 

TechOptimizer Professional Edition helps you 
out-think your competition by guiding your thought 
process. This unIque software tool helps you to 
correctly state and solve your problems across many 
fields of engineering. 

Best New Prodllct TechOptimizer Professional Edition allows you to: 
• Speed the development of nevv products/processes 

• Avoid expensive errors in the early stages of design 

-~----
=-:....=-:===:.. 

• Enhance inventive ideas by expanding your 
knov.tfedge-base 

~ 

Software That Invents'" 

Call about our FREE seminars and FREE Demo Disk! 

800-595-5500 www.invention-machine.com 
Trademar1lS and regIStered lTadffil.1 ( f1C1ude nven on Mach ne, Sorrwar~ That Irvems. and TecI1Opomlzer 

For More Infonnatlon Write In No. 639 



I $- Computer Hardware & Peripherals 

serial interfaces that con
nect to RS-232 and RS485 
devices, respectively. They 
give notebook computers 
comrol of erial devices for 
portable or remote applica
tions. The asynchronous 
interface are Wmdows 95 
Plug and Play compatible 
and feature serial transmis-

Both imerfaces include a COM driver for Windows 95 and are com
patible with standard PC COM ports. The PC operating system per
fonns all board configuration. Users can connect with most serial 
devices by sending strings to, and reading from, the COM port. 
Application software packages and development environments can 
acce s the interfaces using tandard serial I/O functions. 

For More Information Write In No. 703 

Intergraph Computer Systems, 
Huntsville, AL, has announced 
the TD Series of Windows/ 
Windows NT-based 3D person
al computers powered by Intel 
Pentium~ processors with 
MMXTM media enhancemem 
technology. Users can perform 
3D Web content creation, view 

Web ites in 3D with a VRML viewer, CAD, or animation with the 
Intense 3D graphics accelerators - the Intense 3D Pro 1000 for 
workstation-class 3D graphics, or the Intense 3D 100 for general-pur
pose 2D/ 3D applications. 

The TD-22 system features a single 133, 166, or 200 MHz Pentium 
processor; and 16-64 Mb RAM. The TD-25 features a single 166 or 200 
MHz Pentium processor with MMX technology and 16-64 Mb RAM; 
and the TD-220 offers a single 180 or 200 MHz Pentium Pro proces
sor with 16-256 Mb RAM. All systems are equipped with 3D sound 
technology, and corne with Microsoft Office 97 and Intergraph DMI
compliant InterSite software. 

For More Information Write In No. 709 

The ViewSonic P815 Pro
fessional Series Mega
Monitor'" fiat-screen moni
tor from ViewSonic Corp., 
Walnut, CA, is a 21" moni
tor that provides 250 MHz 
video input bandwidth and 
a horizontal scan range of 
20 to l15 KHz for resolu
tions of 1800 x 1440 at 76 
Hz refresh and 1600 x 1200 
at 90 Hz refresh. The Super 

Contrast screen utilizes glass with a low transmission rate and features 
anti-glare ARAG- screen treatment. 

OnView- controls allow users to make creen adjustments such as 
pincushion, contrast, degauss, moire, and brightne s via an on-screen 
menu. ViewMatch- enables accurate matching of colors on the 
screen with a color output from a printer. The monitor, with Plug & 
Play+, supports the Windows 95 tandard for automatic monitor con
figuration and installation. 

For More Information Write In No. 711 

Kontron Elektronik. ew
port Beach, CA, bas intro
duced an enhanced ver
ion of the IN Lite P series 

of rugged notebook com
puters, which is equipped 
with a 166-MHz Intel 
Pentium- processor with 
MMXTM technology. The 
computer includes a full
length slot and two PCM

CIA slots, and is enclosed in a ealed magne ium case. A universal 
AC/ DC power supply, internal battery operation, and a 2 GB hard 
disk al 0 are included. 

The computer is available with 32 Mb RAM, expandable to 64 Mb, 
and features a 10.4" TFTVGA display, 2 Mb graphics controller for all 
color resolutions, and optional 512K cache. A 12.1" TFT XGA display 
with 1024 x 768 resolution also is available. The unit can be used in 
environments expo ed to dltst, moisture, shock, and vibration. Prices 
start at less than 10,000. 

For More Information Write In No. 705 

Spacetec IMC Corp .• Lowell, 
MA, offers the Spaceball~ 
3003'" 3D input device for 
workstation-based 3D mechan
ical design and engineering 
applications. It enables users 
to simultaneously pan, zoom, 
and rotate 3D models with six
degree-<lf-freedom control. To 
move or rotate a 3D model, 

the user grasps the ball around its equator and pushes, pulls, or twists 
the ball. The model then moves in the direction of the force or twist 
applied. The device is used in c0rUunction with a mouse, which is 
used for picking, pointing, and menu selection. 

A SoftButton user interface incorporates functions such as 
Translation On/ Off, Rotations On/ Off, Sensitivity Controls, Single 
Axi Filter, and Reset View. SpaceWare~, a proprietary software mod
ule, is integrated with and supported by CAD/ CAM/ CAE applica
tions such as Catia, EUCLID. MSC/ PATRAN, Pro/ ENGINEER, and 
CADDS5. 

For More Information Write In No. 707 

mote terminal and bus monitor. 

National Hybrid, Ron
konkoma, NY, has intro
duced the NHl-15164 
PCET handheld test and 
development instru
ment that enables a PC 
or laptop computer with 
an enhanced parallel 
port to function as a bus 
controller, bus monitor, 
remote terminal, or 
concurrentl y as a re-

Weighing one pound, and in conjunction with a laptop, the inter
face can be ltsed for field servicing applications. It comes with a 9V 
rechargeable battery for 2-1 / 2 hours of minimum operation before 
charging. A 9Vdc power adapter allows continuous operation while 
recharging the battery. The instrument kit includes menu-driven soft
ware, battery and charger, 3' parallel port interface cable. and carry
ing case. 

For More Information Write In No. 708 
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A CAE package that 
provides immediate product
ivity and saves prototyping 
dollars is very hard to find. 
With our line of fully inte
grated BEM electromagnetic 
simulation software, we can 
help. 

Each of our packages is 
designed around three basic 
principles: advanced technol
ogy, productivity and excep
tional customer service. 

B-Field Bands: Periodic condition 
on a magnetic clutch for arbitrary 
rotor position. 

Advanced Technology 
"I have analyzed literally hun
dreds of linear and non-linear 
electromechanical devices 
with IES software. It has 
become an invaluable tool to 
me, as it's so much easier to 
work with than FEM software. 
Unlike FEM, BEM software 
does not necessitate any re
griding of the problem when 
one medium is being rotated 
or translated with respect to 
another, which results in a 
significanttime saving. " 

Or. Kent Davey 
American Maglev 

Progressive features like our 
automatic/adaptive boundary 
element refinement, relative 
error detection, 3D symmetry 
conditions and a consistent 
graphic interface give you the 
most advanced programs 
available anywhere. 

Torque vs . position curves for 
optimal motor design are readily 
calculated. 

Productivity 

"IES BEM programs have con
sistendy outperformed the 
seven FEM packages I have 
evaluated in the past few 
years. The operator interface 
of IES programs allows for 
immediate productivity, where 

there is a significant learning 
curve involved in all FEM 
packages." 

Nicholas F. Campagna 
Consulram 

We have set up sample prob
lems for you to work through 
along with databases of 
solved problems comparable 
to conventional industry-spe
cific needs. Shorten the steps 
to your solution with IGES or 
DXF geometry translators and 
parametric definitions. 

Cu orner Service 
"IES has consistently impres
sed us with their speed of 

response and strong commit
ment to work with us on 
unique problems. " 

Jim Aydelotte 
Dvndc.JC I MTgTleCic, 

On-line help, full technical 
support and two complete 
program enhancements each 
year keep you on the cutting 
edge of CAE design and 
analysis. 

Load a single diskette or tape 
onto your PC or workstation. 
Within one day you will begin 
working on your own prob
lems. In just a week, even the 
most sophisticated 3D design 
solutions are yours. We give 
you our word. And so have our 
customers. 

Use BEM to solve non-linear 
eddy CUTTent problems. 

Call today for your 30-day no-charge 
software evaluation. 

INTEGRATED 
ENGINEERING SOFTWARE 
TEL: (204) 632-5636 FAX: (204) 633-7780 
e-mail: info@integrated.mb.ca 

For Mont Information Write In No. 644 



I $- Computer Hardware & Peripherals 

The ICC7000'" NEMA 4-rated 
flat-panel computer from 

ematron Corp., Ann Arbor, 
MI, features a 14" color TIT 
di play with resolution of 1024 
x 768 pixels for Windows NT 
applications and hard drive 
capabiliue up to 6 Gb. 
Options uch as an integrated 
CD-ROM acces ible from the 
front of the PC and a remov
able hard drive are available. 

The computer features a 
hinged rear chas i design that swings open for easy access, back
lighting that can be changed in les than five minutes, and an elec
trical chassis that can be exchanged without tools. Options include 
up to 512 Mb RAM; a choice of 100, 135, 166, or 200 MHz Intel 
Pentium processors; a 200 MHz Intel Pentium Pro proce or; pre
installed industrial network cards; and Microsoft Windows NT oper
ating system pre-loaded. 

For More Information Write In No. 710 

Cherry Electrical Prod
uc~, VVaukegan, IL, 
offer the Cherry 6000 
keyboard that is com
patible with PS/ 2 and 
AT systems. The 104-
key, 10w-proftle key
board features a large 
L-shaped "enter" key 
and comes with five- or 
six-pin mini-DIN AT or 
PS/ 2 connectors. The 

housing is available in beige matte; matte-finish beige/ gray or 
white/ gray keycaps are wear-resistant. All keys retain the standard 
3/ 4" spacing. 

The keyboard features a small internal printed circuit board and 
uses an injection-molded rubber dome/ mat for tactile feel and laser 
printing for clearly printed keycaps. The VVindows® 95 version bears 
the "Apps" key near the spacebar, as well as two keys bearing the 
VVindows flag for quick access to VVindows applications. 

For More Information Write In No. 700 

able are provided as standard features. 

Aydin Corp. , Fort 
VVashington, PA, has 
released a series of 
high-definition mall
screen monitors that 
are microprocessor
controlled and avail
able in sizes from 10" 
to 17" . The Au to
sync® capability pro
vides 15 to 40 KHz or 
30 to 64 KHz with 
either BNC or D con
nectors. Digital oper
ation and securi ty dis-

Also available are VGA, SVGA, and 1024 x 768 monitors in a fixed 
frequency format. All monitors are designed for industrial environ
men~ operating to 55' C. Optional touchscreens and magnetic 
shielding are available. 

For More Information Write In No. 702 

Micro Computer Special
is~ , Vi ta, CA, offers the 
PROMDlSK-Chip disk 
emulator chip that plugs 
into an standard 32-pin 
EPROM socket in the 
BIO extension address 
pace of a personal com

puter. It is bootable as a 
fixed disk ranging from 2 
Mb to 4 Mb by urilizing 
non-volatile OR fla h 

memory. It is DOS and Wmdo, compatible, allmving users to copy 
and erase files using standard DOS commands. 

The chip replace mechanical disk drives in systems designed to 
operate in environmen~ where temperature, shock, vibration, or reli
ability are concerns. It operates at bus speeds and features no 
mechanical pam and low-power CMOS technology. The chip come 
with the onboard Datalight VBF Flash File System, Datalight ROM
DOS v.6.22 disk operating system, and utility diskette. 

For More Information Write In No_ 701 

Mercury Computer Sys
tems, Chelmsford, MA, 
has introduced RACE® 
scalable multicomputing 
systems based on the 200 
MHz PowerPC 603e 
microprocessor from 
Motorola. The processor 
delivers up to 4.4 GFLOPs 
on a single 9U VME moth
erboard and 1.1 GFLOPS 
on a 6U motherboard. 

The systems' RACE heterogeneous architecture features a building
block approach de igned for embedded multicomputing require
men~ with power- and space-<:onstrained applications. 

Systems can be configured with hundreds of PowerPC processors 
connected wi.th the RACEway switched-fabric interconnect. 
Programming is simplified by the heterogeneous single-system 
model, allowing users to optimize their system configuration for a tar
get application. 

For More Information Write In No. 704 

The Model 121 indus
trial/ ruggedized key
board from CoTtron, 
Methuen, MA, features 
a sealed pointing device 
and is re i tant to dust, 
shock, explosions, and 
spills. Available features 
include interfaces for 
IBM, SUN, Digital 
Equipment, CD, RS-
232, and RS422; back
lighting with a bright
ness<ontrol knob; rack

mount or tabletop configurations; and conformal coating. 
A force ensor or touch-pad pointing device; 1-3/ " or 2" sealed 

trackballs; EMI/ RFI protection; custom colors, protocols, codes, and 
durable key legend; and keyboard options including slides and wrist 
res~ are available. It can be customized to meet specific requiremen~ 
and mee~ MJL.STD-461, 810, 167, 108, and 901 standards. 

For More Information Write In No. 706 
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Crank up the of your 2D CAD 
with SOLID EDGETM 

This year, more than 100,000 mechanical design professionals will move 
from 2D to 3D CAD. With Solid EdgeT~ you can be among the first to reap the 
benefits of 3D solid modeling design techniques. 

3D solids from 20 CAD drawings 
Solid Edge gives you the shortest route from 2D to 3D - you can create solid 
models directly from your 2D CAD drawings! If you use AutoCAD or MicroStation~ 
3D modeling begins with a simple copy-and -paste that puts your 2D CAD 
geometry to work with Solid Edge's feature-based solid modeling tools. 

Learn solid modeling in record time 
With Solid Edge you can implement 3D CAD without long learning curves 
and expensive training. You can quickly master part and assembly modeling 
using a clear, uncluttered, straightforward user interface and built-in multi
media tutorials. And Solid Edge is Microsoft Office 97 Compatible, so it looks 
and works just like your Windows~ office automation software. 

Risk-free 3D! 
Solid Edge is a risk-free way to move to 3D. You can continue with familiar 
2D drafting as you learn solid modeling. You'll even increase your drafting 
outputwitb the moststrearnlined, intuitive, and powerful mechanical drafting 
system available. One of the industry's toughest critics calls Solid Edge's drafting 
functions u ... outstanding, possibly the best we've ever seen. The controls are 
excellent and make drawing creation almost fun." I 

" Microsoft" 
WindowsNf' 
Winclow?95 

ICompUler Aided DeSign Report, Vol. 16, No. 6,June 1996 
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SOLiD EDGE~ 
Call to get your FREE Solid Edge 

multimedia demonstration on CD-ROM: 

800-807-2200 
Fax: 205-730-1053 

E-mail: solidedge@ingr.com 
www.intergraph.com/solidedge 

I NTErG?I\?H 
SOFTWARE SOLUTIONS 
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~ Diffusion Barriers for GaAs and InP Devices 
Amorphous ternary alloys for gate metal and ohmic-contact diffusion barriers in GaAs and 
InP devices are proposed. 

l1SA:S Jet Propulsion Laboratory, Pasadena, California 

Thin film of ternary, amorphous 
refractory compound have been pro
po ed for u e as gate metals and ohmic 
contact diffusion barrier to improve 
the reliability of GaAs- and InP-based 
devices. The propo ed gate metal and 
diffusion barriers would be of general 
compo ition M.8i v where M denote 
Ta, W, or Mo; uch diffusion barriers 
have proven effective in Si-ba ed 
devices, as described, for example, in 
"Amorphou Ta-Si- thin film alloys as 
diffusion barriers in AI/ Si metalliza
tions," J. Vac. ci. Technol. Vol. A8, 
No.3, P 3006 (1990). 

In GaAs- and InP-based electronic 
device , diffusion of metal and emi
conductor material is especially prob
lematic at the high proce sing tempera
ture encountered during fabrication, 
and in some case can continue at sig
nificant rates during use of devices at 
lower temperatures. Such diffusion 
alters semiconductor channel thick
ne ses and other Schottky gate parame
ters and, in so doing, degrades perfor
mances and operational lifetimes. 
During operation of devices in atmos
pheres that contain hydrogen, diffusion 
of hydrogen can also degrade perfor
mance and lifetimes. This degradation 
has been associated with Pt and Pd, 
which are constituents of typical gate
metal alloys u ed heretofore. It has 

been hypothe ized that the Pt or Pd in 
a metallic gate contact catalyticall con
verts hydrogen molecule to h drogen 
atom, which then diffu e into the gate 
channel, where the compen ate free 
charge carriers. 

The propo ed u e of M i % layers 
offers several potential advantage over 
the use of conventional metal contacts 
without diffusion-barrier layers: 
• Elimination of Pd and Pt from metal 

gate contacts would eliminate degra
dation by hydrogen. 

• M..5i , alloy are thermodynamically 
table with re pect to GaAs; thi char

acteri tic would help prevent chemi
cal reaction between the ernicon
ductor and other layer . 

• Because of the amorphou nature of 
the M,.5i % layer, there would be no 
grain boundarie and thus no paths 
for rapid diffusion into or out of 
GaAs sub trate . 

• The crystallization temperatures of 
M i % are 0 high (800 to 1,000 DC) 
that during fabrication heat treat
ments, amorphous structure of diffu
sion-barrier layer would persi t and 
microstructure of the gates would 
remain unchanged. 

• Because of the amorphou nature of 
M i " it would be pos ible to 
depo it unllonn, continuous layers 
with thickne es as low as 10 nm. 

• Contact electrical re i tivitie could 
be kept low and would remain ta
ble over a wide range of temp ra
ture . 

• The range of proce ing tempera
tures that could be u ed in fabricat
ing contact wou ld be relatively 
wide, 0 that temperature and time 
control would not have to be a 
strict as they might otherwise be. 

• Contact surfaces would be smoother. 
• There would be greater flexibility in 

the choice of contact metal; for 
example, Au, AI, and/or Cu could 
be u ed. 
This work was done by Elzbieta Kolawa, 

Sammy Kayali, and Marc A. Nicolet oj 
Caltech Jor NASA's Jet Propulsion 
Laboratory. For Jurther information, write 
in 53 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 Jor its commercial use should be 
addressed to 

Larry Gilbert, Director 
Technology TransJer 
California Institute oj Technology 
Mail Code 315-6 
Pasadena, CA 91125 
(818) 395-3288 
ReJer to NPO-19892, volume and number 

oj this ASA Tech BrieE issue, and the 
page number. 

~Au/Ge/ Au Contacts for Shallow-Junction InP Solar Cells 
These contacts exhibit low electrical resistivity and high thermal stability. 
Lewis Research Center, Cleveland, Ohio 

Au/ Ge/ Au contacts on InP semicon
ductor device have been found to 
exhibit extremely low electrical re istiv
itie . They have al 0 been found to be 
highly thermally table in the sense 
that the interdiffusion of metal and 
semiconductor material during the 
intering step of the fabrication 

proce is retarded, relative to uch 
interdiffusion that occurs during the 
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sintering of device made with other 
contact materials. The nature of this 
retardation of interdiffu ion is such 
that intering can be completed before 
the adverse effects of interdiffu ion 
degrade the underlying emiconduc
tor devices. 

The development of Au / Ge/ u 
contacts is one achievement of a con
tinuing program of re earch on fabri-

',,",w.nasatech.com 

cating electrical contacts for InP semi
conductor devices, both ,vith and with
out intering. orne other achie e
ments of thi program were reported 
in previou articles in 1\.SA Tech Briefs, 
namely: "interle Fabrication of 
Contact Pads on InP Device" (LEW-
15863) , Vol. 19, o. 10 (October 
1995), page 90; "Sinterless Formation 
of Contacts on Indium Pho phide" 
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(LEW-IS 14), 01. 19 o. 10 (Oc
tober 1995), page 45; "Sinterle For
mation of Contacts on Indium 
Phosphide: Part 2 (LEW-15815), Vol. 
21, o. 4 (April 1997), page 45; and 
"Ultra-Low-Re istance Metal Contacts 
on InP" (LEW-15816), Vol. 21, o. 4 
(April 1997) page 45. 

The need for intering and the 
desire to avoid sintering if po ible can 
be explained as follows: To make a low
resi tance electrical contact to an InP 
semiconductor device according to the 
standard approach, one must deposit 
contact metal on the semiconductor, 
then sinter the contact metal at a uit-

ably high temperature. Although in
tering de irably reduce contact re is
tance, it also undesirably induces sub-
tantial interdiffu ion between the 

metal and the underlying InP. nles 
limited by imposition of one or more 
diffu ion balTier( ) or by use of uch 
technique as rapid annealing, this 
interdiffu ion can quickly degrade or 
de troy the device . uch shallowjunc
tion device as junction field-effect 
transistors and solar cell are particu
larly su ceptible to damage during sin
tering to form contacts. 

The desirable properties of 
Au/ Ge/ Au contacts were observed in 

DIAGNOSTICS/ ACQUISITIO 
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GraPhtec again reduces the 
weight, size and cost of 
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3.5" floppy drive or 
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storage. 
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and chart 
operation from a menu 
screen or GUI. Or by 
panel keys that you 
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operation. 
The WR9000's small 
footprint and low 
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field measurements. 

Full-screen display 

And to portable use in the laboratory or on the 
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experiments on InP n i p diode with 
(IOO)-oriented ub trate doped with 
Zn to a den ity of 8 x 1016 cm-' and 
2,000- -thick epitaxially de po ited 
emitters doped with Si to a density of 
1. 7 x 101 em -'. By u e of electron
beam evaporation, contact Layer were 
depo ited on InP in the following 
sequence: Au 400 thick, Ge 200 A 
thick, and Au 1,600 A thick. After 
depo ition of contacts, the devices 
were intered in a nitrogen atmo
phere at a temperature of 350 cC. 

Figure 1 how the evolution of con
tact re istivities of these devices and 
of imilar devices with Au (only) con
tacts tested in previou experiments. 
Whereas the resistivity of the Au 
(only) contacts remained above 10-3 

Q·cm2 for tens of minutes at the sin
tering temperature, only 1 minute at 
that temperature was necessary to 
bring the resistivity of the Au/ Ge/ Au 
contacts down to about 10-; Q·cm2

• 

The resistivities of these Au/ Ge/ Au 
contacts were among the lowest resis
tivities of any contacts on InP tested 
up to the time when these experi
ments were performed. 

One measure of the interdiffusion of 
Au and InP is the fraction of outer-sur-
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Figure 1. The Resistivities of Au/Gel Au Contacts 
reached values much lower than those of Au 
(only) contacts after sintering for only 1 minute 
at 350"C. 
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Figure 2. Conversion of Surface Au t o Au,ln dur
ing sintering at 350 "C began immediately in Au 
(only) contacts but was delayed by 45 minutes in 
Au/Ge/Au contacts. 
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face Au converted to Au,ln as a func
tion of time during sintering at 350°C. 
Using this measure, Figure 2 illustrates 
the retardation of interdiffu ion in the 
Au/ Ge/Au contacts as compared to the 
Au (only) contacts: whereas the forma
tion of AuJn was observed immediately 
on Au (only) contacts, it was not 

ob erved on Au/Ge/ Au contacts until 
45 minutes into the sintering proces . 

This work was done by V. G. Weiur of 
Lewis Research Center; . s. Fatemi of 

verdrup Technology, Inc.; and A. L. 
KarenJi-Both of Calspan Corp. Far further 
information, write in 28 on the TSP 
Request Card. 

Inquiries concerning rights far the com
mercial use of this invention slwuld be 
addressed to \1SA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stap 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
Refer to LEW-16280. 

Ag/Zn Contacts on Shallow:Junction p-Doped InP Devices 
Low-resistance contacts can be formed without substantial metal/ semiconductor interdiffusion. 
Lewis Research Center, Cleveland, Ohio 

Ag/Zn contacts on p-doped InP semi
conductor electronic devices have been 
found to exhibit electrical resistivities 
as low as 10'" n·cm2

• The contacts are 
formed by deposition of a combination 
of Ag and Zn on the InP surfaces, then 
sintering. Unlike in the fabrication of 
contacts from some other materials, 
the sintering step in the fabrication of 
Ag/Zn contacts does not cause so 
much interdiffusion of metal and semi
conductor material as to degrade or 
destroy the underlying devices. 

The development ofAg/Zn contacts 
is one achievement of a continuing 

G 
Automated 2-DlParametric 
Design for AutoCAD LT95 
• Over 100,000 tandard partslfasteDers 

and powerful parametric . 
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• User~le weld, surface and tolerance sym 

bois - allow you to create and save any symbol 
configuration for later recall. 

program of research on fabricating 
electrical contacts for InP semicon
ductor devices, as noted in the preced
ing article. The role of sintering in the 
fabrication of contacts is also discussed 
in the preceding article. 

Zn apparently exerts tI .... o major 
effects in the fabrication of Ag/ Zn 
contacts. One effect is substantial 
retardation of the interdiffusion of the 
metal contact and underlying emi
conductor materials; the interdiffu
sion is suppressed to such an extent 
that contacts can be formed directly 
on very-shalIowjunction devices with-

e 

out damaging them. The other major 
effect of Zn is a significant reduction 
in con tact resistivi ty. 

This wark was done by Victor G. Weizer 
of Lewis Research Center and Navid S. 
Fatemi of Essential Research, Inc. No fur
ther documentation is available. 

Inquiries concerning rights far the com
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Rd., Cleveland, OH 44135. 
Refer to LEW16037. 
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~ Planar Quad-Bridge-Diode Frequency Doubler 
Input and output circuits are isolated without complicated ltlter structures. 

NASA' Jet Propulsion Laboratory, Pasadena, California 

A quad-bridge varactor-diode 10-to-
20-GHz frequency-<loubling circuit fea
ture integrated planar construction on 
a quartz ub trate, with quasi-optical 
input and output coupling via full 
open antenna ub tructure. The 
de ign of thi frequency doubler 
exploits electrical and geometrical ym
metrie to achieve a imple, compact 
overall tructure with inherent i ola
tion between input and output ports. 
This frequency doubler i a frequency-
caled prototype of proposed frequen

cy multipliers that would operate at fre
quencie of the order of 1 T Hz and that 
would offer attractive alternative to 

conventional waveguide-construc
tion microwave and millimeter-wave 
frequency multi plier. 

The quad-bridge circuit configu
ration ( ee Figure 1) re ults in bal
anced frequency-doubling action 
and provides frequency i olation 
between input and output ports, 
without need for complicated filter 
tructures; thi i becau e diodes in 

a quad-bridge configuration inher
ently reject even harmonics at the 
input port and reject odd harmon
ics at the output port. In com pari-
on with the design of a ingle-

diode frequenc multiplier, the de ign 
of thi multiplier maintains the arne 
optimum conver ion gain and opti
mum input and output load imped
ance but quadruple the power-han
dling capability. 

Input and output coupling are 
implemented with two pairs of double-
lot antennas that are polarized per

pendicularly to each other ( ee Figure 
2) to enhance input/ output i olation. 
Compact coplanar lran mi ion-line 
matching circuits are placed between 
the antennas and the diode to maxi
mize input coupling at the fundamen-

tal frequency and output coupling at 
the cond hannonic, thu helping to 
maximize frequency-conversion effi
ciency. The circuit can be mounted on 
a dielectric len or on the flat outer ur
face of a dielectric (quartz)-filled para
boloidal reflector to obtain t11e desired 
input/ output radiation pattern . 

This work was done by Moonil Kim, 
Jean Broston, R Peter mith, uzanne C. 
Martin, and Peler H. iegel of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, write in 100 on the 
T. P Request Card. 
NPO-J9724 

Output 
Polarization 

/ 
® 

Figure 1. The Diodes in a Quad-Bridge Configuration provide frequency isolation between t he input and 
out put antennas. 
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Figure 2. Orthogonal Input and Output Slot Antennas provide orthogonal input and output polarizations and thus polarization isolation between input 
and output antennas. A commercial quad-bridge diode chip is bonded to the center of the circuit. 
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• Concept for a Wide-Area Differential GPS Navigation System 
Total user error would be reduced by an order of magnitude. 
NASA's Jet Propulsion Laboratory, Pasadena, CaLifornia 

A propo ed improved navigation S)~ 
tem for civil aviation would exploit the 
signals broadcast by the Global 
Po itioning tern (GP ) and would 
incorporate a number of recent and 
anticipated advance in GPS technology 
to achieve decimeter real-time po ition
ing accuracy. The underlying concept i 
that of a real-time wide-area differential 
(WAD) GP navigation sy tem that 
could be incorporated into the Federal 
Aviation Agency' Wide Area Aug
mentation System (WAAS) . The pro
posed system i required to provide an 
increase, over prior GPS-based system , 
in the accuracy with which a u er's 
equipment can determine its real-time 
position ("user po ition accuracy," for 
hort) ; thi entail a requirement to (1) 

e timate GPS satellite orbits and clock 
offsets in real time with accuracies 
greater than tho e broadcast by the GPS 
itself and (2) e timate ionospheric GPS
signal-propagation delays with high 
accuracy to provide further corrections 
to improve user po ition accuracy. 

The ystem would satisfy the accuracy 
requirements via a combination of (1) 
long-arc dynamic orbit estimation by 
means of a real-time Kalman filter, (2) 
rapid clock e timation, and (3) the use 
of the same Kalman filter in generating 
a dynamic global map of ionospheric 
delay (see Figure 1). This would be the 
first WAD GPS-based ystem to feature 
tuned dynamic (rather than geometric) 
determination of the GPS atellite 
orbits, enabling complete eparation of 
orbit and clock corrections and reduc
ing GPS orbit error (which i usually 
dominant) to in ignificance. Moreover, 
the accuracie of the iono pheric-delay 
corrections in the proposed ystem 
would be at least 3 time tho e of the 
be t known alternative tern. 

The system would utilize an extensive
ly modified version of the GPS-Inferred 
Positioning System/ Orbit Analysis and 
Simulation Software (GIPSY/ OASIS II), 
which was de cribed briefly in " ftware 
for Preci e GP Calculations" (NPO-
19636), 'ASA Tech Brnjs, Vol. 20, o. 12 
(December 1996) , page 84. To recapitu
late: GIPSY/ OASI II accepts data 

48 

collected by a permanent worldwide net
work of more than 60 Global Po itioning 

y tem (GP ) reference receivers and 
continuously proce e the e data (ee 
Figure 2) , along with a network refer
ence time, into precise three-dimen ion
al po ition data on the orbits of GP 
a tellites, plus atellite and ground-sta

tion clock otE ets. GlPSY/ O I II incor
porate the mo t preci e available math
ematical model of the dynamics of 
pacecraft, geophysical quantitie , and 

propagation of radio signals and rela
tivi tic effects. The GIPSY estimator i 
formulated as a Kalman-type square-root 
information filter; thi avoid matrix 
inversions and greatly enhance numeri
cal stability. Any parameter e timated 
through the GIPSY Kalman fi lter/ 
moother can be modeled as a deter

ministic or stochastic process, or a com-

Station 1 • • 
'\. 

"-

bination of the two. The filter routinely 
solve imultaneously for thousands of 
parameters with data from dozen of 
receivers while maintaining submillime
ter numerical preci ion globally. 

GIPSY/ OASI II i highly modular in 
a way that make it flexible and adapt
able to almo t any atelli te-tracking esti
mation problem through imple modi
fication of nix cript. In adapting 
GIP / OASI II to the WAAS, different 
master- tation function to be per
formed by GIPSY could be performed 
in parallel, perhap on everal worksta
tion , each directed by a different cript 
de igned to run the oftware optimally 
for its given task. The e functions would 
include: (1) e timation of orbits and 
long-term satellite clock parameters, 
and computation of the as ociated low 
correction and their e timated error; 

• Station 1 

/ 
II/ 

I Data·Retrieval System 

I Data Validation & Edit , 
~ 

I Data Compression I 
I 

r- I· 
• , 

Compute Compute 
Slow Orbit Ionospheric 
Corrections Corrections 

t , 
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Fast Clock 
Corrections 
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Figure 1. This Flow Diagram shows the sequence of computations in JPL's w ide-area differential GPS 
navigation system. 
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Satellite Tool Kit Introduces: 

The Coverage Module 
These two screens 

analyze the number 

of simultaneous 

accesses (ranging from 

one to five vehicles) to 

North America from the 

26 vehicles in the 

Orbcomm constellation. 
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• Specify the coverage area and resolution 
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• Further leverage licensed add-on modules such as Comm and Chains 
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• Create animation depicting variations in coverage quality over time 

• Generate customized coverage statistics for specific reporting needs 

The Coverage Module allows the user to defme quality by selecting from nine Figure of Merit defInitions. The GPS edition of 

Coverage includes N Asset and Dilution of Precision Figures of Merit Results may be further focused through the use of the 

Satisfaction capability, which allows the user to apply quality oriented acceptance criteria to the analysis. 

Your Best Solution to Satellite Coverage Analysis 

ANALYTICAL GRAPHICS 
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Voice: (610) 337-3055 • Fax: (610)337-3058 • request@stk.com • www.stk.com 

CALL for a FREE DEMO: 1-800-220-4785 
For More Information Write In No. 683 
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1 
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( Compute Model Trajectories J 
+ 

( Compute Model Data, Partial ] 
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Controlling --. 
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t 

Output Data Products I 
Figure 2. This Flow Diagram shows the sequence of computations effected by the GIPSY/OASIS II soft
ware. 
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(2) computation of the predicted or a 
priori high-rate (1- econd) GP mea-
urements in preparation for computing 

the fast correction; (3) calculation of 
the fast clock correction, together with 
their e timated errors, from the predict
ed and measured ob ervable ; (4) gen
eration of ionospheric map with high 
patial and temporal resolution and 

computation of associated grid-point 
corrections; (5) computation of atellite 
integrity indicators; and (6) pre- and 
po t-tran mi ion independent valida
tion of all data products. Each of the e 
processe could be individually tuned 
for the job at hand without the need for 
a monolithic software package de igned 
to perform all function . 

This work was done by Thomas P. Yunck, 
Willy 1. Bertiger; tephen M. Lichten, 
Anthony J Mannucci, Ronald J Muel
lerschoen, and ien-Chong Wu of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, write in 67 on the TSP 
Request Card. 

This invention is owned by llSA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, NASA 
Resident Office-JPL; (818) 354-5179. Refer 
to NPO-19625. 
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PETASITE MASS STORAGE LIBRARY 
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SON Y S D A T A STORAGE F A M L Y 

So, it 's time to take the plunge. Tie the knot. Make the big commitment. In other words, 

choose a da ta storage system. But, have you really, truly considered the importance of 

compatibility? Well , Sony has. When we built our data storage family, w e saw to it that every 

product had one thing in common . Compatibility w ith our PetaSite™ modular based mass 

storage library. Whether you choose from the DIR- l 000 Series, the DTFTM half inch tape drive, or 

the new ADI- llSO d igital data record er, Sony is committed to your high performance data 

storage and data ac quisition needs. In addition, Sony has mapped a planned migration path 

for eac h drive series. Bec ause in any good relationship, growing together is essential. So 

before you make a decision you might soon regret, consider Sony. The first name in 
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@ Window Units for Solar-Assisted Heating and Cooling 
Spaces between inner and outer panes would be connected to inside or outside circulation paths. 
Mar. hall pace Flight Center; Alabama 

Window units containing inner and 
outer (torm) window plus olar 
creen and mechani ms to control the 

circulation of air have been proposed. 
[n the pre ence of unlight, the e win
dow units would contribute some olar 
assistance for heating and cooling. At 
night or in cloudy weather, the e units 
would act like ordinary inner-win
dow/ storm-window a emblie, up
pres ing the conduction and radiation 
of heat between the inside and outside 
to minimize undesired heating in hot 
weather or cooling in cold weather. 

A typical propo ed unit (see Figure 
1) would include two window as em
blie eparated by a bay. Inlets and out
lets through which air could enter and 
leave the space between the window 
panes would be located at the bottom 
and lOp, respectively, on both the out
side and the inside. The bay would con
tain part of a mechani m that would 
open and clo e the inlets and outlets to 

control the circulation of air in the 
space between the window panes. 

Each window as embly would contain 
a removable solar screen stretched 
across the pace between the panes. In a 
conventional window equipped with a 
solar creen, the radiant solar energy 
intercepted by the creen heats the air 
trapped between the pane. In cold 
weather, this trapped hot air is wasted, 
though it could potentially be used for 
heating. In hot weather, orne of tl1e heat 
in the trapped air inevitably leaks into 
the building by conduction through the 
inner pane. The propo ed window unit 
would utilize the trapped olar-heated 
air for heating the building in cold 
weather, and it would uppre leakage 
of olar heat into the building during 
hot weather. Thi would be accom
pli hed by use of dan1pers at the top and 
bottom to control the flow of air through 
the inlets and outlets ( ee Figure 2), in 
re ponse to the temperatures of the out
ide air and the air between the panes. 

The mechanism for controlling the 
dampers would include levers and cams 
actuated by two hydraulic cylinders filled 
with temperature-sensitive material and 
oppo ed by springs. One of the hydraulic 
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cylinders would be expo ed 
to the outside air through 
louvers in the outer wall of 
the bay. The other cylinder 
would be exposed to the air 
between the panes through a 
hole between this pace and 
the interior of the bay. 

In the absence of apprecia
ble olar heating (at night or 
in cloudy weather), the 
dampers would be po i
coned to do e all inlets and 
outlets, 0 that the air be
tween the pane would re
main trapped as in an ordi
nary window assembly. In the 
pre ence of olar heating and 
cold outside air, the outside 
inlets and outlets would be 
cIo ed, while the inside inlets 
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Figure 1. A Thermally Efficient Window Unit of the type 
described in the text would superficially resemble an ordinary 
window assembly in most respects, except that inlets, outlets, 
and louvers would be visible on closer inspection. 
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Nrl~~,N Temperature

SECTION 8 -8 
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Figure 2. These Enlarged Views of the Cross Sections indicated in Figure 1 illustrate the major com
ponents of the air-circulation-control mechanisms of the window units. 
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and outlets would be opened to allow the 
olar-heated air to circulate from the win

dow to the inside of the building. In the 
pre ence of olar heating and hot outside 
air, the in ide outlets would be clo ed and 

the outside outlets would be opened, 0 

that circulation of the olar-heated air to 
the outside would dissipate mo t of the 
olar heat from the window, redu ing 

leakage of heat into the building. 

This work was done by W eiU Myers of 
Mar hall Space Flight Center. For fur
ther infonnalion, write in 89 on the TSP 
Request Card. 
MFS-3108 

@ Improved Data-Reduction Algorithm for Doppler 
Radar Wind Prof'tlers 
Wind profiles are generated more frequently. 
John F. Kennedy pace Center; Florida 

An improved data-reduction algo
rithm ha been developed to enhance 
tile availability, accuracy, and reliability 
of wind data extracted from outputs of 
Doppler radar wind profiler. The 
reduction of data from Doppler wind 
measurements includes, among other 
things, the extraction of weak wind
related spectral signature from noi y 
ignals that are contaminated with ide 

lobe . The noise and ide lobes con
tribute to error and unreliability of 
wind data. 

The original application for the 
present algorithm is in a 50-MHz 
Doppler radar wind profiler at 
Kennedy Space Center. Previously, a 
"consensus» algorithm was used to ep
arate wind spectral signatures from 
noi e and ide lobes. The con en us 
algorithm involved extensive averag
ing, which took exces ive time; only 
two wind profile could be generated 
in an hour. Moreover, the averaging 
did not adequately suppress error in 
that frequently, the con en us algo
rithm locked onto side lobes. 

The pre ent algorithm look for the 
wind pectral ignature within a "first
gue » pectral window ba ed on previ
ous valid data. Within the fir t-gue s 
window, a median-filter technique i 
used to extract the current wind pec
tral ignature for proce ing. ide 
lobe are usually rejected becau e they 
tend to fall outside the fir t-gu s win
dow. The median-filter technique 
take much les computation time 
than does averaging in the consen u 
algorithm. 

The major conceptual problems 
encountered in developing the pres
ent algorithm were selecting the width 
of the first-guess window and the para
meters of the median filter to maxi
mize the rejection of side lobes and 
noise whi le en uring detection of the 
correct signal. In te ts, the algorithm 
performed reliably and accurately, 
and was found to be capable of gener
ating twelve \vind profile per hour. 
The root-mean-square wind-speed 
error of the presen t algoritllm i of the 
same order of magnitude (1 m /s) as 

that of the con en u algorithm. AI 0 

in com pari on with the con en u 
algorithm, the pre ent algorithm pro
duce large (> 5 m ) wind-speed errors 
les frequently, and produces wind 
data that are more reliable in the 
ense that they are valid a greater frac

tion of the time. The major weakne 
of the present algorithm i that the 
first-gues window occasionally fail to 
eliminate su·ong ide lobe ignal that 
are clo e to the true wind ignal, and 
manual intervention i required to 
recognize and correct the ituation. 

This work was done by Robin Schumann 
of ENSCO, Inc., Timothy Wilfong of lhe 
University Space Research Association, 
and Steve Smith of MarshaU pace Flight 
Center for Kennedy Space Center. For 
further information, write in 69 on the 
TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, Kennedy 
Space Center; (407) 867-2544. Refer to 
KSC-11860. 

@ Using Langmuir-Blodgett Coatings To Calibrate 
Mass Microbalances 
John F. Kennedy Space Center; Florida 

Langmuir-Blodgett coating can be 
u ed to calibrate mass microbalances 
like quartz-cry tal microbalance and 
surface-acou tic-wave en or. Micro
balance are used to measure mall 
quantitie of olids or liquid depo ited 
on surface. alibration of a microbal
ance involve measurement of the 
re pon e of the microbalance to a 
deposited urface film of known mas 
den ity. In com pari on with other tech
niques for depositing a calibration film, 
the Langmuir-Blodgett coating tech-
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nique offers advantage of Ie s difficul
ty and repeatability wimout me use of 
an expensive urface tensiometer. In 
thi technique, one prepare a mono
layer of a suitable coating material in a 
Langmuir-Blodgett trough, then dip 
the microbalance in the trough to coat 
its sen ory urface with the monolayer 
film. If nece ary, the proce can be 
repeated with different coating materi
als for a series of calibration measure
ments to determine me linearity of the 
re pon e of the microbalance. The only 

www.nasatech.com 

major limitation on mi technique is 
mat one mu t elect coating materials 
mat do not chemically attack any part 
of me microbalance. 

This work was done by Paul A. Mogan 
of Kennedy Space Center and Lee Chow 
and Isaiah O. Oladeji of the University of 
Central Florida. For further information, 
write in 76 on the T. P Request Card. 

Inquiries concerning rights for the commer
cial use of this invention should be addressed 
to the Patent Counsel, Kennedy pace CenLer; 
(407) 867-2544. Refer to KSC-11863. 
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@ Electrokinetic Evaluation of Surface Coatings 
Measurements yield data on surface chemistries. 

Marshall Space Flight Center, Alabama 

An improved method has been 
devised for electrokinetic evaluation of 
surface chemi tries of polymeric and 
other coating materials that are typical
ly biocompatible and intended for use 
in suppre sing, enhancing, and/ or uti
lizing a variety of phenomena that 
could include wetting, adsorption of 
proteins, and/ or electrophoresis. The 
method overcomes some of the limita-

tions of conventional electrokinetic 
evaluation in terms of the zeta potential 
(the electric potential acros the inter
face between a olid and a liquid). 

Because the zeta potential of a chem
ical system can be related to a number 
of other properties of the ystem (e.g., 
agglutination, electrophoretic mobility, 
and urface charge density), it is widely 
used in industry and medicine to char-
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acterize particle in su pen ion and the 
surface of fixed apparatuses. However, 
it has been very difficult to use the zeta 
potential to derive such useful informa
tion as the densities of surface chemical 
group, whether those groups are reac
tive, whether they have reacted with a 
coating polymer, and how long the coat
ing has stayed attached. The improved 
method makes it possible to obtain such 
information. 

The method involves measurements 
of the pH dependence of electroosmot
ic flow in an electrophoresis chamber 
in which the flow channel is typically a 
quartz capillary tube coated with a suit
able polymeric material, which could 
be, for example, poly(ethylene glycol) 
(PEG). The measurement data are ana
lyzed via a site-dis ociation mathemati
cal model of pH-dependent electroos
motic flow: the model, adopted from 
the classical theory of electrokinetics, is 
used to relate electroosmo is to surface 
chemistry. In the model, surface 
charge is represented in terms of 
acid/ base site dissociation of ionizable 
surface groups. The disrribution of 
electrostatic potential at the liquid/ 
solid interface is related to surface 
charge by use of the Gouy-Chapman 
theory of the electrical double layer, 
plus exact solutions of the Poisson
Boltzmann equation. Electroosmotic 
mobility is related to zeta potential via 
the Smoluchowski equation. 

In preparation for initial experiments 
according to this method, terminally 
activated derivatives of PEG were graft
ed onto the inner surfaces of quartz 
capillary tubes that had been function
ally activated, variously, with 3-amino
propyltriethyoxysilane, 3-mercapto
propyltrimethoxysilane, or poly( ethyl
ene imine). For each experiment, the 
capillary tube was inserted in a modi
fied microelectrophoresis apparatus 
and the electrophoresis chamber 
(including the tube) was filled with an 
aqueous solution of 7.5 mM NaC!. To 
make the electroosmotic flow visible, 
the solution was formulated with a sus
pension of 1.02-!llll-diameter sulfated 
polystyrene latex spheres at a concen
tration of < 0.01 percent solids. In the 
experiments, grafts and activated sur
faces were electrokinetically character
ized by measuring the pH dependence 
of induced electroosmotic flow. The fig
ure illustrates the apparatus and the 
results of some of the measurements. 
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TYPICAL RESULTS 

The mathematical model in Lhi 
method provide mean for quantitative 
determination of the densitie of ione
genic urface molecular group and of 
acidity and/ or basicity in the near- ur
face environment. The model can also 
provide information on the effective 
coating thicknesses of adsorbed neutral 
polymers and for some polymers, the 
relative graft densitie . Thi information 
can be useful in interpreting complex 
chemical phenomena involved in appli
cations of such PEG coatings as those 
used in preparation of nonfouling sur
face. In addi tion, electrokinetic charac
terization can provide information 
regarding tability of coatings, control of 
electroo motic flow in analytical instru
mentation, and the influences of 
adsorbed polymers on regulation of elec
tric charges at aqueous/ solid interface . 

This work was done by J M. Van Alstine, 
J M. Harris, and N. L. Burns oj the 
University oj Alabama in Huntsville Jor 
Marshall Space Flight Center . For Jur
ther information, write in 57 on the TSP 
Request Card. 

Electroosmotic Flow Was Measured in a modified microelectrophoresis apparatus. The curves 
were computed from measurements taken w ith capillary tubes coated w ith PEG of various mo
lecular weights. 

Inquiries concerning rights Jor the com
mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
Space Flight Center; (205) 544-0021. 
ReJer to MFS-26360. 
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.. Testing and Analysis of Clothlike Structural Components 
Nonlinear properties are characterized by a combination of experimental and theoretical techniques. 

Marshall pace Flight Center, Alabama 

method of te ting and analy i has 
been developed to enable characteriza
tion of the nonlinear mechanical prop
ertie of three-dimen ional tructural 
components made of cloth and cloth
like materials. Thi develop-
ment was prompted by 

urements to obtain data on moduli of 
elasticity and strength in the warp and 
fill direction, measurements of damp
ing of free and forced vibration under 
tension, and measurements of hy tere-

warp DirectiOn .. 

i curve under 0 cillating ten ion to 
obtain more complete information on 
the amount and type of damping. The 
results of initial te ts of thi type on 
TABI show that it tiffens as the applied 

load increases (see Figure 2) 
and that its in-plane damping 

71 Yam 60' Typical 

/\ 

~ 
behavior icon i tent with 
that of a basic vi cous damp
ing mechanism for small vi
bration amplitudes. 

Another essential part of 
the method is prediction of 
the out-of-plane dynamic be-

Fibrous Ceramic Filling 
havior of a clothlike tructure 

the need to understand 
the properties of propo ed 
spacecraft aero brakes that 
would be made of tailorable 
advanced blanket insulation 
(TABI) (see Figure 1). The 
method is also applicable to 
the analysis of textile struc
tural components for terres
trial use. 

An es ential part of the 
method i a series of tests to 
determine some basic in-

Figure 1. Tailorable Advanced Blanket Insulation can be used as a structur
al material. Because it has a three-d imensional configuration and complex 
mechan ical properties. it must be analyzed by the method described in the 
text. Note that the fill direction is perpendicular to the page. 

from the in-plane data de
rived from tests and/ or from 
mathematical models that in-
corporate the e data. Thi is 
accompli hed by use of a 
finite-difference mathemat
ical model of the tructure 
and the applicable differ
ential equations of motion. 

plane mechanical proper-

This work was done by 
Michael L. Tinker of Marshall 
Space Flight Center and joseph 
P. Clayton of Remtech, Inc. For 
further infarmation, write in 88 
on the TSP Request Card. 

Inquiries conceming rights far 
the commercial use of this inven

ties of the material or struc
tural component of intere t. 

Testing i necessary because 
manufacturers' data on the 
propertie of individual fila
ments and yarns do not 
include the effects of slip
page between filaments and 
yarns woven into fabrics, nor 
do they account for the 
weakening effects of contact 
stresses and residual stresses 
generated in the weaving 
process. The tests include 
tensile tress-vs.-strain mea-

Figure 2. This Experimental Stress-vs.-Strain Curve shows the increase in 
stiffness with applied stress. It also shows that failure of the specimen 
occurred as a propagation of breakages of individual filaments rather than 
sudden failure of the entire specimen . 

tion should be addressed to the 
Patent Counsel, Marshall Space 
Flight Center; (205) 544-0021. 
Refer to MFS-26357. 

• Water/Surfactant Solution as a Substitute for CCI2F-CCIF2 
John F Kennedy Space Center, Florida 

Commercial urfactants were tested to 
substitute for trichlorotrifluoroethane 
(CCI2F-CClF2) in pecial application in 
which there is a need for solvent rinses to 
detect particulate contamination of 
workpieces. Deionized water without any 
additives has been found to dislodge 
fewer particles than does CCl2F-CCIF2 

because, it has been hypothe ized, the 
high surface tension of pure water keep 
the water from penetrating narrow pas-
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sage , so that the water does not make 
contact with the entire urfaces of work
pieces. In an experiment, water contain
ing 25 parts per million of the commer
cial surfactant Zonyl FS reduced the 
surface tension of the water from 72.8 
dynes/ cm to about 36 dynes/ cm, and 
the water containing the urfactant was 
found to dislodge nearly the same 
amount of particulate matter as did 
CCI2F--CClF2. nlike CCI2F-CClF2, the sur-

www.nasatech.com 

factant-treated water is nonpolluting and 
nontoxic. Moreover, in comparison with 
CCl2F-CClF2 the urfactant is inexpensive. 

This wark was done by Christian A. 
Clausen m oj the University oj Central Florida 
far Kennedy Space Center. Far further inJar
malian, write in 41 an lhe TSP Request Card. 

Inquiries concerning rights far the commer
cial use of this invention shauld be addmssed 
to the Patent Counse~ Kennedy space Center; 
(407) 867-2544. Refer to KSC-11906. 
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• Adherent and Stable Metallization of CVD Diamond 
The choice of adhesion and diffusion-barrier materials is critical. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

Experiments have shown that with 
the proper choice of materials, adher
ent and metallurgically stable metal 
contacts can be formed on chemical
vapor-deposited (CVD) diamond. 
Such contacts are needed for efficient 
thermal conduction and structural 
integrity in electronic device de
signed for operation over a wide range 
of temperatures - especially in high
temperature electronic device that 
exploit the electrically insulating and 
highly thermally conducting nature of 
diamond. 

A metal contact on diarnond is gen
erally required to be both strongly 
adherent and table at high tempera
ture. The figure illustrates the materi
al layers that are deposited in metal
lization of diamond, both (1) as prac
ticed heretofore and (2) according to 
the present scheme for achieving 
adherence and metallurgical stability. 
To obtain strong adhesion, it is neces
sary to depo it a fir t layer of metal 
(the adhesion layer) that reacts chem
ically with diamond; to obtain high
temperature stability, it is necessary to 
deposit an overlayer. 

Heretofore, adhesion layers have 
been made, variously, of Cr or Ti, while 
overlayer have been made, variously, 
of Au or Au/Sn alloy. Unfortunately, at 
high temperatures, Cr and Ti are solu
ble in Au and therefore diffuse from 
the adhesion layers into the overlayer , 
with resultant degradation of dia
mond/metal bonds and thus 10 s of 
adhesion. Typically, the maximum 
operating temperature at which mini
mum acceptable adhesion can be 
maintained is < 450°C. 

m the cherne for adherent and sta
ble metallization of diamond, the adhe
sion layers and overlayers are made of 
the same materials as before. but in 
each case there are two adhesion layers 
separated by a diffusion-barrier layer. 
In this material ystem, a uitable diffu
sion-barrier layer is a mm of arnor
phou Ti+Si+ that is reactively sputter 
depo ited on the first adhesion layer, 
before depositing the overlayer. [Amor
phou Ti+Si+ was pre\oiously devel
oped for diffusion barriers between Si 
substrates and Cu overLayers.] 

In the experiments, orne CVD dia
mond specimens metallized variously as 
described above and illustrated in the 
figure were annealed for 30 minutes al 
each of a sequence of temperatures at 
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intervals of 100°C up to 900 °C. Each 
annealed specimen was subjected to 
3.2-MeV-a-particle-backscattering spec
troscopy to measure interdiffusion of 
metal, and to a tape-pull adhesion lest. 
In the specimen with a Cr adhe ion 
layer but no diffusion barrier, sub tan
tial interdiffu ion and delamination was 

observed after annealing at 300°C. In 
the specimen with r adhesion layers 

and a diffusion barrier, some interdiffu
sion was observed above the diffusion 
barrier, but the Cr adhesion layer below 
the diffusion barrier remained un
changed, and there was no delamina
tion, even after annealing at 600°C. In 
the specimen with Ti adhesion layer 
and no diffu ion barrier, substantial 
interdiffusion was observed after 
annealing at 500°C. The specimen with 
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after annealing at 900 ° . In 
an additional test, this speci
men al 0 exhibited neither 
diffu ion nor delamination 
after annealing for 100 hours 
at 400 °C. 

This work was done by 
Andreas Bachli, Marc icokt, 
Elzbieta Kolawa, and Jan 
Vandersande of Caltech for 
NASA's Jet Propulsion Lab
oratory. For further informa
tion, write in 97 on the TSP 
Request Card. 

In accordance with Public 
Law 96-517, the contractor has 
ekcted to ntain titk to this inven
tion. Inquiries concerning rights 
for its commercial use should be 
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Larry Gilbert, Director 
Technology Transfer 
California Institute of 
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a Ti adhesion layer and a diffu ion bar
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ed no interdiffusion or delamination 

(818) 395-3288 
Refer to NPO-19672, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 

. Reinforced, Stretchable Elastomer for 
Use at Low Temperature 
Knit fabric reinforcement prevents tears. 

Lyndon B. Johnson Space Center, Houston, Texas 

An elastomer reinforced with a knit 
fabric has been developed to satisfy the 
need for a material that remains flexi
ble at temperature down to -90 OF (-68 
0c), can be stretched omewhat, and 
resists tearing. The material can be used 
in such diverse application as lip eals, 
tretchable covers for machines, and 

Arctic structures. 
The elastomeric matrix of thi mate

rial is R1V 560 (or equivalent) silicone 
rubber, which remains flexible in the 
required temperature range, wherein 
mo t other elastomers become stiff or 
even brittle. However, this elastomer 
exhibits poor re i tance to tearing. 
Accordingly, it is reinforced again t 
tearing by incorporation of a knit poly
e ter fabric (see figure). 

The fabric stretche with the ilicone 
rubber, but reacbe a limit of tretcha
bility below that of the rubber. The fab
ric thus stop the tretching at a prede
termined tension, preventing tearing of 
the rubber. A knit (as di tingui hed 
from woven) reinforcing fabric was cho-

www.nasatech.com 

sen becau e it stretches readily in any 
direction. A woven fabric, in contrast, 
stretches only on the bias and its fibers 
could Iide relative to each other, allow
ing the rubber to tear. 

Silicone 
Rubber 

Knit Polyester Fabric reinforces silicone rubber. 
affording a somewhat stretchable material that 
resists tearing and remains flexible in extreme 
cold. 

This work was done by Scott A. wan, 
Frederic Dawn, and Ernest Murry of 
Johnson Space Center. 0 further docu
mentation is availabk. MSG-22445 
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NEWS 
BRIEFS 
Notes from Industry and 
the Federal Laboratories 

In what University of Michigan (U-M) 
physicists call the first experimental 
modification of one of the fundamental 
quantum tate of solid matter, they have 
used ultrafast laser pulses to "squeeze" 
atom. It has been about a decade ince 
scientists discovered how to create the 
queezed state for photons, but the U-M 

experiment was the first to apply the 
technique to phonons, which carry vibra
tional energy through a solid. 

tethered to a wall with elastic. When 
the initialla er pul e trikes, it stretch
es the spring constant of the elastic, 
expanding the quantum limits or the 
original range of the atom' move
menL After the pulse pas e , the elas
tic uddenly snaps back, reducing the 
atom ' range of movement to a frac
tion of its original size. TIm for a very 
brief moment, equivalent to one-half 
its normal oscillation cycle time, the 
atom is "squeezed" below its quantum 
limit. 

Along with Rojo and Garrett, other 
collaborator on the experiment 
included Roberto Merlin, profe sor of 
physic, A. K. Rood of the Indian 
Institute in Bangladore, and John F. 
Whitaker, associate re earch scientist at 

University of Michigan graduate student Gregory Garrett with the laser system used in the 'quan
tum squeezing" experiment. Photo: Bob Kalmbach, U-M 

U-M graduate student Gregory 
GalTett conducted the experiment, 
u ing a Ti :sapphire laser at the Center 
for Ultrafast Optical Science. He 
aimed 70-femtosecond laser pulse at a 
tiny spot on a potassium tantaIate crys
tal. Splitting the laser beam, Garrett 
diverted one part so that it arrived at 
the target a few pico econds after the 
initial pump pulse. When the stronger 
pump pulse hits the atoms, it creates 
pairs of phonons and makes the atom
ic lattice oscillate, Garrett said . The 
weaker probe pulse is scattered by 
these phonons as it later passes 
through the lattice. Measuring the 
amount of probe pulse energy that gets 
through the crystal gives an idea of the 
atomic state inside. 

One of the researchers, assistant pro
fessor Alberto Rojo, described the 
atoms in the lattice as bouncing balls 
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the U-M Center. The project was fund
ed by the National Science Foundation 
and the Army Research Office. 

SDL Inc., of San Jose, CA, announced 
that the Court of Federal Claims had 
granted summary judgment in its favor 
in a case brought against it by Rockwell. 
The judgment declared invalid key por
tions of a Roclavell patent for a metal
organic chemical vapor deposition 
(MOCVD) process used to manufacture 
optoelectronic devices. Rod..-well had 
claimed that manufacturing processe 
SDL used to fabricate its emiconductor 
laser infringed the patent. 

Argonne National Laboratory has 
licen ed to Spawr Industries Inc. of 
Lake Havasu ity, AZ, the design for a 
monitor that aids in improving the 
quality of laser welds by identifying 
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defects. The monitor was developed by 
the Dept. of Energy lab and Delphi 
Energy and Engine Management 
Systems of Flint, MI. 

In cooperation with the Low 
Emi ion Partner hip (LEP) of the 

.S. Council for Automotive Re earch 
(USCAR), Spawr changed the original 
de ign for the better by integrating the 
weld monitor into the focusing optics 
as embly, so that alignment is not nec
e ary on the factory floor. 

Designed to be rugged, low-co t, and 
simple to use, the y tern is based on a 
passive sensor and associated optics that 
measure infrared emissions related to 
weld penetration during processing. 
Thus the monitor can flag bad welds or 
automatically change laser power levels 
for a proper weld. 

Spawr Industries also offers a stand
alone version of the monitor with laser 
aiming that is uitable for research and 
development applications, and another 
version that can be retrofitted on exist
ing systems. 

The project was funded through the 
Laboratory Technology Research 
Program in DOE' Office of Energy 
Research, and the Office of 
Transportation Technologies. One of 
14 research consortia established by 
USCAR, which was formed by Chrysler, 
Ford, and General Motor, LEP 
explore and share technology for 
reducing auto emissions. 

The u .S. Dep t. of Commerce's 
Economic Development Administration 
(EDA) has awarded the Beckman Laser 
Institute of Irvine, CA, a grant of $1 mil
lion to build a facility housing a 
Photonic-Based Defense Technology 
Incubator for Biomedical Devi.ces and 
Systems. The facility will house a public
private consortium of medical device 
entrepreneurs, biotechnology firms, uni
versity biomedical researchers, and clini
cians who will seek ways to apply lasers, 
optics, and detectors developed for mili
tary purpo es to the diagnosis and treat
ment of disease. The Photonic Incubator 
will occupy a 10,OOO-sq.-ft. building 
expansion at the Institute, and will 
include engineering development and 
testing labs, a clinical applications suite, 
and program office space. 

In addition to the grant from the 
EDA, which is approximately half of the 
construction fund , the project is get
ting operational funding from the 
California State Office of Strategic 
Technology, UC Irvine, and the 
Beckman Laser Institute. Dr. Arnold 
Beckman of the Beckman Family Trust 
has issued a challenge grant to provide 
construction funds. 
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Real-Time Fluorescence Imaging of Uranium, Polyaromatic 
Compounds, and Vegetation Stress 
The laser-based technique maps emissions from spatially distributed materials. 

SPecial Technologies Laboratory, Santa Barbara, CA 
Department of Energy, Assistant Secretary for Environmental Management, 
Office of Science and Technology (DOE/EM/OST) 

A laser-induced fluore cence imaging 
(LIFI) system is being developed to aid 
in the detection, characterization, and 
monitoring of contaminants and the 
environment. LIFI is an optical tech
nique based on the spatial imaging of 
fluorescent compounds irradiated with 
laser light. Initial LIFI work has 
focused on the detection of uranium 
during the decontamination and 
decommissioning (D&D) of buildings; 
the detection of polyaromatic (organ
ic) compounds (PAHs) in water and 
soils; and vegetation stress as an indica
tor of subsurface contamination and 
general plant health. 

Compared with passive electro-opti
cal imaging sensors, LIFI is capable of 
greater spectral selectivity and sensitivi
ty and can be used during night/ low
light operations. Compared with radio
logical sensors (e.g., NaI and HPGe crys
tal-based sensors), LIFI offers better 
chemical speciation and greater spatial 
resolution for material identification 
and location. 

Two operational versions of the LIFI 
system are currently being developed 
and evaluated: an airborne sensor for 
large-area surveys, and a handheld sys
tem for indoor and spot investigations. 
The current LIFI configurations include 
UV and visible laser sources (355- and 
532-nm wavelengths), in tensified 
charge-coupled device (CCD) cameras, 
and real-time image processing systems 
for instantaneous viewing. In the close
proximity systems, such as the uranium 
survey tool, video images are stored dig
itally for future display and analysis. 
The airborne system stores a large 
"cube" of imagery in multiple colors 
using a custom interface and disk array. 

Although fluorescence spectra have 
been measured for decades, LIFI is 
truly innovative because it is an imaging 
system capable of mapping surfaces-a 
critical need for contaminant remedia
tion in the environment. LIFI data are 
not simply one-dimensional fluore
cence spectra, but image maps of fluo
rescent emissions from spatially distrib
uted materials. In environmental terms, 
these image maps could represent ura
nium particles spread over a field or 
within a building, or they could be 
stressed trees, shrubs, and grasses that 
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laser-Induced Fluorescence Imagery at the K-27 Gaseous Diffusion Facility at Oak Ridge, TN . The 
gray areas show the prompt fluorescence, with the electro-optic shutter open during illumination. 
The red areas show the uranium fluorescence view, with the delayed long shutter rejecting the 
prompt view. Photo courtesy of USDOE Special Technologies Laboratory. 

The Handheld Uranium Survey Tool. Photo courtesy of USDOE Special Technologies Laboratory. 

have been affected by subsurface conta
minant flow. 

The spectral characteristics of mater
ial fluorescence are often a function of 
the excitation wavelength of the light 
source. This is especially true for com
plex materials such as plants. At a given 
excitation wavelength, material fluores
cence can be defined by its emission 
spectrum and decay time. Most materi
als have peak-response wavelengths for 
excitation and emission, as well as a 
time period during which the emission 
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occurs. In other words, a specific laser 
wavelength will induce the maximum 
fluorescence respon e from a given 
material during a specific period of 
time. Tests of laser fluorescence tech
niques for the u.s. avy showed that 
environmental contaminants, including 
organic solvents, polyaromatic hydro
carbons (PAHs) , and heavy metal 
oxides, had relatively unique fluores
cent responses, or "signatures," when 
illuminated by a XeCI UV excimer laser 
system. Further tests in the laboratory 
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defined a ignature for uranium oxide. 
The LlF! technique for uranium 

detection i based on the time-delayed 
fluore cent propertie of uranium in the 
VI+ oxidation tate. Mo t compounds 
that fluoresce, particularly uch organic 
as chlorophyll in plants and hydrocar
bon fuels. will do so promptly during 
excitation. When uranium i excited b a 

laser at 355 nm, however, its peak fiu
ore cence is per i tent (pho phore -
cent), lasting con iderably longer than 
the laser pul e. By delaying the activa
tion of the camera shutter after a laser 
pul e (on the order of nano econds), 
the prompt f]uore cence of other com
pounds can effectively be removed, i 0-

lating the pre ence of uranium. 
Spectrally filtering with a bandpas filter 
decrease tlle total amount of ambient 
light that is collected during the cam
era's gate pulse and helps to reject any 
out-of-band phosphorescence as ociated 
with other materials. It al 0 serves to 
increase image contrast. 

In the current handheld ystem pic-

mred, the laser and power supply are 
hou ed in a portable cart fiber-opticall 
cabled to the handheld (camera/ laser 
head) unit. In operation, lie user has a 
head-up di play on the handheld unit 
for the in tantaneous di play of data. In 
the tern currentl being fabricated 
the cart i being replaced by a back
pack unit weighing approximatel 30-
40 Ib ., depending on y tern configu
ration. The airborne tern was 
de igned in modular units so that it 
can be flown on a number of different 
platforms. The y tern i scheduled for 
flight te ts this year on a U.S. Army 
Blackhawk helicopter. 

This work ~ principal investigator is Dr. 
John DiBenedetto of the Department of 
Energy's Special Technologies Labora
tory (STL). For further information, contact 
Dr. DiBenedetto at (805) 681-2240 or 
E-mail: dibeneja@nv.doe.gov. 

Inquiries concerning rights for the commer
cial use of this invention should be directed to 
Charles Hudson, STL, at (805) 681-2234. 

Data Protocol for Optically 
Powered Sensors 
Data-transmission intervals would coincide with 
power-interception intervals. 

NASA s Jet P.ropulsion Laboratory, Pasadena, California 

A data-transmission protocol has 
been devised for proposed optoelec
tronic sensor units that would be 
strung in series along optical fibers 
and powered by pulses of light. More 
precisely, the sensor units would be 

connected in series along two optical 
fibers; one fiber for distribution of 
power from a master unit to the senSOr 
units, and one fiber for tran mission of 
sensor data from the sensor units back 
to the master unit (see figure). 

Pulses of Light From 
Source at Master Unit 

Optical Data Signals to 
Receiver at Master Unit 

1-- ~---------- ------- 1---1 

Optical 
Switch 

To Other 
Sensor Units 

Switch 
Control 

Power and 
Sensor 
Circuits 

t 
Optical 
Switch 

Optical Data Signals 
From Other Sensor Units 

Tw o Optical Fibers would connect all units, as in a string of beads. Each unit, in turn, would extract 
power from the left optical fiber and transmit data to the master unit along the right optical fiber 
during part of the operating cycle. 
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The operation of the power-distribu
tion ubsystem was de cribed in "Fiber
Optic Distribution of Pulsed Power to 
Multiple Sensors" (NPO-19420), NASA 
Tech Briefs, VoL 20, 0.5 (May 1996). 
page 18a. To recapitulate: Pulses of 
la er light would be transmitted along 
an optical fiber from a power-supply 
unit. Each sensor unit would include 
an electronically controllable optical 
witch, which could be controlled to 

either (a) divert all of the optical 
power to a photovoltaic cell and 
power-conditioning circuitry to charge 
an energy-storage device in the sensor 
unit or else (b) allow the light to con
tinue traveling along the power-distrib
ution optical fiber to other sensor 
units downstream. Each sensor unit, 
beginning with the one nearest the 
laser source, would take all the optical 
power in the fiber for a fraction of 
each pulse period, and then would 
once again allow light to pass through 
to the next sensor. Thus, each sensor 
in turn would consume all the power 
for some fraction of the time of the 
pulse that remained after partial con
sumption by the preceding sensors. 

The data-transmission protocol 
would be based on the power-distribu
tion protocol and would be imple
mented with the help ofa second elec
tronically controlled optical switch in 
each unit. Success in building systems 
according to this concept would 
depend on the anticipated develop
ment of such optical switches with low 
insertion losses and the ability to oper
ate on low control power. The data
transmission switch in each unit would 
be set in the pass-through state during 
the power-pass-through portion of the 
operating cycle. However, during the 
power-interception portion of the 
operating cycle, the data-transmission 
witch would be set to couple an opti

cal data signal from the sensor unit 
into the fiber, propagating toward the 
master unit. This optical signal would 
bear sensory data stored ince the pre
vious transmission period. By relying 
on the power-transmission protocol for 
timing. one could ensure that each 
sensor unit, in turn, could have a clear 
optical channel to the master unit for 
optical transmission of data without 
interference from the other units. 

This wm-k was done by Harold Kirkham 
oj Calt~ch Jm- NASA's Jet Propulsion 
Laboratory. For Jurther inJormation, 
write in 6 on the TSP Request Card. 
NPO-19421 
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http://www.optima-prec.com 
Phone: (800) 544-4118 

Fax: (503) 638-4545 
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Insensitive Laser-Ignited 
Explosive Components 
Explosive components are designed to be 
safe in adverse environmental conditions. 

EG&G Mound Applied Technologies, Miamisburg, Ohio 

Pyrotechnic and explo ive components, which include igni
tors, detonators, and actuators or quib, are employed in a 
number of application from the tage eparation of rockets to 
the deployment of airbag in recent-model automobiles. 
Present-day devices are typically functioned by delivering an 
electrical signal through a metal pin or pin to the bridgewire_ 
The e pins are electrically i olated from each other and the 
metal shell by an insulating material, usually a ceramic, glas , 
or glas -ceramic_ The energy obtained from the bridgewire 
ignites the urrounding energetic material, resulting in the 
component performing the required operation_ 

Over the years bridgewire components have been used in 
numerous applications despite having several inherent safety 
limitations_ These safety concerns are based on the fact that 
the energetic or explo ive material contained within the com
ponent is not truly isolated from the outside environment, 
making them su ceptible to the effects of: (1) spurious levels of 
electromagnetic radiation (radars); (2) electrostatic discharges 
(lightning); and (3) temperature tran ients, principally fire
related, which may result in the unde ired activation of the 
component_ Therefore, these components are capable of pre
mature ignition, which may result in catastrophic personal 
injury and/ or property damage. 

During the last several years laser-ignited explosive compo
nents which are impervious to electromagnetic radiation and 
electrostatic di charges have been developed_ Laser-ignited 
explosive components utilize a combination of either a laser 
and optical fiber or a laser and a transparent window in place 
of a bridgewire and metal pins. These laser-ignited compo
nents can be initiated using a variety of rod or semiconductor 
lasers that produce sufficient energy through an optical fiber 
to ignite the energetic material_ Even though the e compo
nents are impervious to electromagnetic radiation and elec
trostatic discharges, they are still not completely environmen
tally safe since they are susceptible to inadvertent initiation due 
to bonfire or transient heating events_ This fire safety concern 
has been the driving force in the development of insensitive 
bonfire-safe laser-ignited components that are equipped with 
safety valves_ 

An unloaded Bonfire-safe Laser-Ignitable Right-angle Actuator designed 
by EG&G Mound Applied Technologies_ 
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Mo t explosive components are fabri
cated using energetic materials that are 
relatively stable at typical operating tem
peratures. In normal stockpile condi
tions the temperature transients are well 
known and frequently controlled. 
However, in an uncontrolled fire situa
tion, the energetic material within a com
ponent may ignite once the storage tem
perature exceeds the autoignition tem
perature of the material, and this may 
function the componenL Such function
ing in a munitions storage situation has 
catastrophic potential. 

The principal concept used in the 
design of bonfire-safe in ensitive laser
ignited components is that in most cases 
energetic components will not properly 
function if the "burning" energetic 
material is not confined. An example is 
devices that are designed to grow to det
onation (DDT). When the explosive is 
ignited it first bums or defJagrates, and 
only if the reaction is physically confined 
can it transition to a detonation. Devices 
such as actuators that are designed to be 
de£1agration-only devices also will not 
perform their intended function if the 

gas pressure of the de£1agration is 
allowed to escape from the burning 
charge cavity before sufficient pressure 
buildup is achieved. If the gases pro
duced are not contained and transferred 
to the appropriate location then the 
device will not function as de igned. 

The photograph shO\\ an unloaded 
bonfire-safe actuator that contains several 
important design attributes that demon
strate the adaptability of this technology. 
This actuator has been designed to be 
laser-ignitable, bonfire-resistant, and a 
compact right-angle component. The 
additional development of compact right
angle components is necessary since in 
many applications the amount of avail
able space within the system of interest is 
minimal. Optical connections to laser
ignited components are made using opti
cal fibers. Since the optical fibers are brit
tle, they have minimum bend-radius spec
ifications that are dependent on the diam
eter of the fiber. In orne applications 
these specifications would limit the use of 
laser-ignited components. Right-angle 
components such as the one shown great
ly increase the application oflaser-ignited 

components in pace-limited situations. 
Right-angle laser-ignited bonfue~e 

energetic components have been fabri
cated and tested. Prior to loading with 
the energetic material the components 
were determined to be hermetic, with 
helium leak rates of Ie than 1 X 10-8 
crn2/5. The optical transmission of the 
unloaded component was also measured 
using a laser diode and a power meter, 
and the optical transmission was greater 
than 75 percent of the incident laser 
energy. After the e te ts were completed 
the test components were loaded with the 
secondary explosive HMX (autoignition 
temperature of -250-300 ·C), which "''liS 

doped with 3 percent carbon black. 
Components of this design have been 
successfully functioned by connecting 
them to a laser diode via a 100/140-
micron step-indexed optical fiber. Laser 
ignition tests were performed using -750-
mW/ IO-ms pulses that successfully func
tioned the components. 

Bonfire tests on these components 
have been performed by placing loaded 
units in an oven and heating them at 
various ramp rates from room tempera-
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we have the capability to produce 
piezoceramic components, attach 
wiring and assemble packaging. 
We've built sensor assemblies for 
fiber optic X-Y positioning, gas leak 
detectors, inertial guidance systems, 
commercial broadcast tape head 
alignment, touch screen sensors, 
vibration monitoring and various 
medical sensors including blood 
pressure monitors and dopplar flow. 
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a full range of testing at quality levels 
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ture to -400 · . Device of the typ in the photo have uc
ce fully passed bonfire te ts in which the loaded components 
were placed within an explo ion-proof oven and heated at 
- · C/ min from room temperature to -400 · C. During the 
heating cycle the gase formed b the deflagration of the 
energetic material within the component were afel relieved 
without functioning the component. 

It has been demon trated that the fabrication of hermetic 
laser-ignited bonfire-in en itive explo ive and pyrotechnic 
components i po ible. Several type have been fabricated 
and te ted using a variety of pyrotechnic and explosive mate
rial . Thi new technology, based on a laser/ optical fiber 
combination in place of bridgewire and pins, can readil be 
adapted to variou engineering requirements. everal novel 
proce ing technique have been developed for fabricating 
the device that exhibit the required strength and hermetic
ity to en ure ucce sful functioning. The e re ults illu trate 
that there are no fundamental reason why laser-ignited 
components hould not be considered for future applica'
tions of pyrotechnic and explo ive components in adve'r e 
environmental condition. 

This work was done at EG&G Mound Applied Technologies, 
which is operated for the U. S. Department oj Energy under contract no. 
DE-AC04-88DP43495. For more information about this work, contact 
Dr. Daniel P. Kramer at EG&G Mound Technologies, Building 102, 
PO Box 3000, Miamisburg, OH 45343; (937) 865-3558; fax (937) 
865-3223. 

Multiloop Photonic/Electronic 
Frequency Synthesizers 
Advantages would include low phase 
noise, wide tuning range, and high 
frequency resolution. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

Improved photonic/ electronic 0 cillator with both optical 
and electrical outputs have been propo ed in a continuing 
effort to develop frequency synthesizers with low phase noise, 
wide tuning range, and high resolution in frequency. A fre
quency synthe izer of this type would be an optoelectronic oscil
lator (OEO) with multiple parallel optical feedback loop and 
with a tunable radicrfrequency (RF) filter. 

An OEO With Two Fiber-Optic Delay Lines would offer the greater phase 
stability of a longer feedback loop and the greater tuning range and fre
quency selectivity of a shorter feedback loop. 
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OEO were described (though not 
under the name kOEO") in three previ
ous articles in NASA Tech Briefs, namely, 
"Electro-Optical Subcarrier Modulator as 
Microwave Oscillator~ (NPO-19440) , Vol. 
20, o. 9 (September 1996), page 4a; 
"Elecrro-Optical Clock- and Carrier-

ignal Regenerator" (NPO-19573), Vol. 
20, o. 9 (September 1996), page 6a; 
and "Self-Injection-Locked Electro
Optical Microwave 0 dIlator" ( PO-
19568), VoL 20, o. (August 1996), 
page 17a These prior OEOs included 
ingle optical feedback loops. The use of 

multiple optical feedback loops in the 
proposed OEOs would be e ential to 
their improved performance, as 
explained below. 

In a basic OEO, a ingle optical feed
back loop is concatenated with an elec
aical feedback loop. By including an RF 
filter with narrow pass band in the elec
trical feedback loop, one can allow oscil
lations to occur in one mode while suJ>
pressing oscillations in other modes. To 
reduce the phase noise of the OEO, the 
length of the optical feedback loop must 
be increased; this reduces the frequency 
interval between modes, nece itating a 
reduction in the band\vidth of the RF fil
ter [0 ensure the selection of only the 
desired modal frequency. However, at a 
typical frequency that one seeks to gener
ate (of the order of 10 GHz), it is difficult 
to make an RF filter with pas band nar
row enough to discriminate between 
modes. In addition, the inclusion of a 
narrow-band RF filter sacrifices the tun
ability of the oscillator. 

The proposed multiple-loop OEOs are 
intended to satisfy the need for both (1) 
longer optical feedback loop to reduce 
phase noi e and (2) shorter optic-al feed
back loop to facilitate discrimination 
against unwanted modes without nar
row-band RF filter, while providing 
broad frequency tunability. The figure 
illustrates one of everaJ dual-loop ver
sion . This OEO would include a pump 
laser, a longer and a horter fiber~ptic 
delay line (longer and shorter optical 
feedback loops), a pholOdiode followed 
by an amplifier at the outpUl end of 
each optical fiber. and a dual-drive eJec
tr~ptical modulator driven by the out
puts of the amplifiers. 

uppo e that the loop gain were 
adjusted to be more than 1/2 but les 
than 1 in each loop. Then 0 dilation 
could occur at and only at a radio fre
quency at which the ignal arrive in 
pha e at the output ends of both opti
cal fiber; this would con train the fre
quency interval between 0 cillation 
modes to be the larger interval of the 
honer loop. Becau e of the relatively 

large frequency interval between 0 cil-
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lation mode, an RF filter with a rela
tively wide pass band would suffice to 
ensure ingle-mode operation. At the 
same time, the phase noise would be 
dictated by the longer loop and would 
thus be relatively low. 

The tuning range of the OEO would 
be determined by the mode spadng of 
the shorter loop and the tuning re oIu
tion would be determined by mode spac
ing of the longer loop. For a larger tun
ing range, a tunable RF filter could be 
used. The combination of the twin loop 
OEO and a tunable RF filter would re ult 
in a novel frequency synthe izer with 
wide frequency tuning range, low phase 
noise, and high frequency resolution. 

The frequency of oscillation (j) of a 
basic OEO can be changed by changing 
the effective length (L) of the feedback 
loop. The fractional change in frequen
cy is given by t!j/ f = -IlL/ L. Because a 
given change in length constitutes a larg
er fraction of L in the shorter loop of a 
dual-loop OEO, such an OEO could be 
tuned through a wider range by adjust
ing the length of the horter loop. The 
tuning range would be determined by 
the frequency interval between mode of 
the shorter loop, while the tuning reso
lution would be determined by the fre
quency interval between modes of the 
longer loop. For example, if the fiber
optic delay lines in a dual-loop OEO 
were made of typical materials and the 
length of the loops were 20 cm and 10 
km, respectively, then the tuning range 
would be about 1 GHz and the tuning res
olution would be about 20 kHz. 

A tunable RF filter could be used to 
widen the tuning range. The tuning of 
the middle frequency of the pass band of 
Lhe RF filter should be synchronized with 
the LUning of the length of the shorter 
optical fiber. The incorporation of the 
tunable RF filter in this way should re ult 
in a frequency synthesizer with a tuning 
range of tens of gigahertz, low phase 
noise, and high frequency re olution. 

This worn was done by Xiaotian Steue Yao 
of Caltech f(}r NASA's Jet Propulsion 
Laboratory. F()T further inf()177!ation, write 
ill 40 on the TSP &ql.U!St Card. 

In a((()Tdance with Puhlic Law 96-517, the 
contract()T has electul to retain title to this 
invention. Inquiries concerning rights f()T its 
commercial use should be aM.ressed to: 

LaTT)' Gilbert, Direct()T 
Techrwlogy Transfer 
California Tnstitule of Techrwlogy 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 

Refer to NPO-19825, volume and number of 
this ASA Tech Briefs issue, and the page 
number. 
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Joint-Transform Optical 
Correlator With Holographic Memory 
Many correlations could be made quickly, without 
a large computer memory or extensive computation. 

NA :.As Jet Propulsion Laboratory, Pasadena, California 

joint-transform optical correlator has 
been demonstrated as a prototype of a 
dass of real-time and nearly-real-time pat
tem-recogrnnon tern . Like other opti
cal correlators, its overall function is to 
make a correlation image, which indi
cat , in effect, the do ene of match 
between an input image and a known 
tored image. One of the outstanding fea

ture of this apparatus is a memory device 
in the form of a photo refractive crystal 
that tore holograms of as many as 5,000 
known reference image. Thi optical 
memory device eliminates the need for a 
large digital computer memory to tore 
the data on the reference image . The 
input image can be correlated quickly with 
all of the reference image by mo dy opti
cal and orne relatively imple electronic 
means, without need for time-consuming 
digital computation. This joint-tran form 
optical correlator is also shift-invariant, so 
that it can also track the input image. 
System of this type could be useful in uch 

Input SLM 
W~h Image To 
Be Recorded 

Photorefractive ,--..L---"'-_"---, 

Crystal 

diverse applications as recognition of mili
tary targets, identification of fingerprints 
and robotic navigation. 

The left ide of Figure 1 illustrate 
chematically the recording and readout 

of reference-image hologram in the pho
to refractive crystal. A reference image to 
be recorded is illuminated by a plane
wave laser beam (denoted the input 
beam) that i projected at an angle into 
the photorefractive crystal. Another 
plane-wave laser beam (denoted the ref
erence beam) is projected into the crystal 
at another angle and the hologram 
formed by the two beams is recorded by 
an appropriate expo ure. 

There are two methods of recording 
multiple reference image in the same 
crystal. The first method requires a tun

able laser, which is et to different wave
lengths to record different image. In the 
econd method, the reference beam is 

made incident at different angles to 
record different images. These methods 

~
Readout 
Image 

\ \ 

Photorefractive ,-_--->JL-_-, 
Crystal 

Readout Beam 

Figure 1. A Photorefractive Crystal can record multiple holograms formed at different wavelengths 
and different angles of incidence of the reference beam. 

Photorefractive Crystal Containing 
Holograms of Reference Images 

Beams From -------=---,...--......,'r 
Tunable Laser 1 Input 

SLM 

CCO 
Camera 

Fourier
Transform 

Lens 

Ught-Addressable 
LCLV 

Fourier· 
Transform 

Beam From Lens 
Laser 2 

Figure 2. Th is Joint-Transform Optical Correlator includes a photorefractive-crystal memory device 
like that of Figure 1, containing thousands of reference images. The input image can be correlat
ed with the reference images in rapid succession by varying the wavelength of the tunable lase r 
and the angle of the laser beam incident on the photorefract ive crystal. 
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can be combined in a wavelength- and 
angle-multiplexing scheme to enable the 
recording of thousands of reference 
images in a photorefractive crystal as small 
as a l-<:m cube. As hown on the right side 
of Figure I, readout of the image previ
ously recorded at a given angle and "''ave
length is effected by use of a readout laser 
beam that is cOrYugate to the reference 
beam used during recording; that is, a 
beam of the same wavelength and travel
ing along the same path but in the reverse 
direction. Thus, multiple recorded images 
could be addressed by varying the angle 
and wavelength of the readout laser beam. 

Figure 2 is a schematic diagram of the 
joint-transform optical corre1ator. The 
beam from a tWlable laser is split into twO 
pans, one part being used to read out one 
of the reference images from the pho
to refractive crystal by the method 
described above. The other part of the 
laser beam is used to read out the real
time input image from an input spatial 
light modulator (S1M); this input image 
is fed to the input S1M from a charge-<:ou
pled-<levice (CCO) camera aimed at the 
scene or object that one seeks to recog
nize. The input S1M is placed alongside 
the reference image, in the same plane as 
that of the reference image. 

The optical paths from the laser to the 
input and reference images are aligned to 
be within the coherence length of the 
laser, 0 that a hologram can be formed in 
the plane ofaFourier transform of the two 
images. By use of a lens, the two images 
are jointly Fourier-transformed, and they 
form an interference pattern on the 
Fourier-transform plane. 

The input surfuce of a light-addressable 
Iiquid-<:rystallighl valve (LCLV) is placed 
in the Fourier-transform plane. The out
put surfuce of the LCLV is illuminated 
with a collimated laser beam through a 
polarizing beam splitter. The reflected 
beam containing the Fourier-transform 
interference pattern travels through the 
beam splitter and through a lens, which 
form the inverse Fourier transform on 
Ihe focal plane of a peak-<ietecting CCD 
camera. If the input image matcbe the 
reference image, a pair of symmetric 
first-order correlation pots appears on 
the focal plane. The inten ity of the cor
relation spots is proportional to the simi
larity between the images. The input 
image could be compared with multiple 
reference image in rapid succe ion by 
varying the wavelength and/or angle of 
the readout beam incident on the pho
torefractive cry tal. 

This work was done Uy Tzen-Hsin Chao and 
Francis Yu oj Caltech Jor NASA's Jet 
Propulsion Laboratory. For further inJOT71U1r 
lion, unite in 3 on the TSP &quest CaTti. 
NPO-19139 
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NEW ""EU"U.E 
Photonics Tools 
from Lasers 
to Mounts 
New Focus Inc., Santa Clara, 
CA, has Issued its 1997-98 
catalog. Among new prod
ucts in its 164 pages are 
innovatiVe mirror mounts, sin
gle-frequency lasers built to 

the customer's specified wavelength, autobalanclng 
photoreceivers, aspheric lenses, and optical chop
pers. Other products available are DC-to-60-GHz 
photodetectors, continuously tunable narrow
linewidth diode lasers. optical modulators, motorized 
positioners, polarization components, and super-sta
blemounts. 

For More Infonnation Write In No. 811 

Noncontact 
Optical Profller 
WYKO Corp., Tucson, 
Al., describes Its new 
NT-2000 optical profiler 
In an a-page color 
brochure. The booklet 
has details on the non
contact surface metrolo
gy system for process 
analysis and control, 

which the company says combines advanced Inter· 
ferometric technology with full automation for 3D sur
face dimensions down to 0.1 nm. Additional features 
are highlighted. including the system's in-line produc
tion capabilnies. 

For More Infonnation Write In No. 812 

Custom Solutions 
to Interconnect 
Challenge. 
'Advantages,' distributed by 
AMP Inc., Harrisburg, PA, is a 
6·page full-color brochure 
describing 18 ways the com
pany can apply interconnec

tion products, logistical expertise, industry knowl
edge, and manufacturing capabili1ies to make their 
customers more productive, efficient. and profitable. 
Starting wrth predesign involvement, simulation. and 
modeling, the company can ensure that tooling and 
equipment are available and operating as production 
begins. and with its foIecast demand system, that a 
steady supply of products keeps lines up and running. 

For More Infonnation Write In No. 813 

La_r and 
Fiber Optic 
Instrumentation 
The 1997 short-form catalog 
from ILX Ughtwave Corp., 
Bozeman, MT, supplies details 
about the company's laboratory 
benchtop instrumentation for 

laser diode control, laser measurement. and fiber 
optic test and measurement. It contains many reN 

products, including the improved generation of LDC-
3700 Series laser diode controllers with GPiB stan
dard. the 7900 muIIict1anneI fiber optic system for 
applications reqUiring multiple fiber optic sources, 
and the MPS 6033155 ASE broadband fiber optic 
source. among many others. 

For More Information Write In No. 814 

Carllo DloIld. 
Laser Processing 
Syste .. 
Mrtsubishl Bectric Corp., Wood 
Dale, IL, makes available a 24-
page full·coIor catalog devoted 
to its Series LX carbon dioxide 
lasers used for cutting sheet 

metal and other materials. Models described are the 
ML2512LX and LX? and the ML3015LX and l.XP. 
AppflCation examples are shown, and specifications 
of movement and control methods, worl<piece size, 
feed rate. and stroke are given. The booklet details 
such features as the 3·axis cross-flow gas excitation 
system and the sealed resonators. Also described are 
the options available with the basic systems. 

For More Information Write In No. 815 

La_r 
Displacement 
Sensor 
Kopplin Co., Jackson, 
MI, is distributing a 15-
page catalog with details 
of the Wenglor line of 
laser displacement sen
sors with analogue and 
digital output, laser 
retrorefiective sensors, 
and laser through-beam 

sensors. The catalog provides general technical data 
on the models available, and information on advan· 
tages of the different models, options. accessories, 
and applications. 

For More Information Write In No, 816 

Epoxy Preforms for 
Sealing/Bonding 
Multi-Seals Inc., Manchester, 
CT, has published a 4-page 
full-color pamphlet describing 
its Uni-form epoxy preforms 
deSigned for sealing and 
bonding electromechanical 
components In the commu

nications, fiber optic, computer, and electronics 
industries. Uni-forms are one-part epoxy resins that 
are solid at room temperature. When heated they 
melt and cure, sealing the component against dust, 
moisture, and other contaminants. The booklet out
lines the shape varieties of the preforms and has 
tips on their usage. 

For More Information Write In No. 817 

Heated 
Vacu m Valv.s 
A 4-page brochure from MKS 
Instruments. HPS Division, 
Boulder, CO, includes descrip
lions, applications, specffica
tions, and prices on the com-
pany's VacuComp TN Series 

1701180 heated vacuum valves. They are designed 
for use in vacuum deposition systems where produc
tion byproducls can condense and build up, Iflterler
ing with the operation of conventional valves. Heating 
the valve elevates the internal temperature, leaVing 
the byproducts in gaseous form. They are available in 
1 112-in., 2-in .• 3-in. and 4-in. sizes with limrt switch 
and solenoid options. 

For More Information Write In No. 818 
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NEW PRODUCTS 

PRODUCT OF THE MONTH 
Single-Chip NTSC Color Camera 
VLSI [sion Ltd., aratoga, CA, introduces the W6405, 
which it calls the world's first singltxhip NTSC color cam
era. Using VLSl's complementary metal-<>xide semiconduc
lor (CMOS) technology, the device delivers color video with 
just a ingle external crystal and single-rail 5-Y power supply. 
It combines on a single standard CMOS chip a l /4-in. Color 
MOS'" photoplane, video timing controller, 8-bit AID video 
convener, 30o.MIPS color DSP engine, video D/A conven
er to drive a 75-<>hm load, 5 video line memorie ,aUlO expo
sure control and control balance, and NTSC composite 

video encoder. Packaged in a standard 48-LCC, the device is suitable for lighting environments from lOOk 
lux down to 50 lux. The chip draws about 100 rnA at5 Y, which VLSI says puts its power consumption at 
aboUl 2o.30 percent of CCDs. 

For More Information Write In No. 800 

Motorized 
Beam 
Expander 
The new motoriz
ed beam expand
er from Roden
Slock Precision 
Optics Inc., Rock

ford, IL, is infinitely adjustable within a 2x-t0-8x mag
nification range and designed for 1064-llm wave
lengths. Maximum entrance-beam diameter is 4 mm, 
and maximum exit-beam diameter 31 mm. Its zoom 
and focus are adjustable to precise settings by 
remotely controlled stepper motors. Optional soft
ware for the remote controller is operated by a PC 
with Microsoft Windows'" Version 3.1 or 3.11, or 
Microsoft Windows'· 95. 

For More Informat ion Write In No. 802 

~ 
Real-Time Thermal 

, Image Analysis 
on a PC 
FLIR Systems Inc., Port
land, OR, says its Tracer'" is 

the first thermal imaging system capable of record
ing and analyzing long thermal event sequences at 
real-time frame rates (up to 60 Hz) on a Windows'" 
PC. In a base configuration, Tracer can record 5+ 
minutes of thermal activity ala 6o.Hz frame rate with 
12-bit pixels, capturing 9.3 MB of data per second for 
analysis. The system senses temperature differences 
of <0.1 'C at 30 'C, and can measure the temperature 
of objects from -10 'C to 2000 'C with an accuracy of 
±2 percent or 2 'C. A complete system consists of a 
Prism OS infrared camera, Pentium PC, digital 
recording system, and software. 

For More Information Write In No. 805 

Spectral 
Attenuation 
Test System 
EXFO E.O. Engin
eering, Quebec, Can

ada. says that its 
Model 5600 spectral 
attenuation test sys

tem, based on a proven interferometric concept, 
ensures rapid, accurate, and highly sensitive optical 
attenuation measurements in both multimode and 
single-mode silica fibers. Measurements can be made 
over the 80o.I70o.nm wavelength region with a 3o. 
dB dynamic range, as well as over the 650-IOOQ.nm 
wavelength region [or plastic optical fiber. The HeXe 
reference laser makes wavelength accuracy better 
than 0.2 nm. 

For More Information Write In No. 808 
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Noncontact 
Pulsed Laser 
Rangefinder 
Riegl USA, Orlando, 
FL, offers the LD9o. 
3100 EHS-GF and 

LD9Q.3300 EHS-GF series noncontact pulsed laser 
rangefinders that the company says combines a glass
fiber<oupled remote optical head with a split optics 
design for easy integration with two- or three-dimen
sional profiling systems. Available with various 
remote heads, the LD9o.3100 has a typical range 
capacity of 200 m with a ±2<m accuracy and 4mm 
resolution. Tbe L090-3300 series has a 30o.m range 
with ±1O-cm accuracy. The split optics design has a 
maximum combined lens diameter of only 62 mm to 
fit relatively small scanning mirror systems. 

For More Information Write In No. 803 

Single-Channel 
Laser Triangu
lation System 
Aromat Corp. , New 
Providence, NJ, of
fers the AiS® 
brand LM-IO series 
laser triangulation 

system that uses a single-channel processing technol
ogy, reducing the number of circuit paths from the 
two of conventional systems to just one processing 
chip. It can be equipped with any of 9 sensor heads 
covering a measurement range from 40 mm to 400 
mm. It offers laser spot size as small as 0.09 x 0.05 
mm, and resolution to I J.lm. Two types of con
trollers, with single and double built-in comparators, 
are avail.able. 

For More Information Write In No. 806 

Whole-Field 
Vibration 
Measurement 
Polytec PI, Auburn, 
MA, introduces the 
VibraScan'" family 
of scanning laser 

vibrometers for noncontact whole-field vibration 
mapping and analysis. The PSV-200-1 , operating 
under Windows NT 4.0, brings together the laser, 
scanning mirrors, a video system, a high-end 2-chan
nel FFT card, a vibration waveform generator, and a 
PC. It acquires and stores vibration spectra or time 
waveforms for each scanned point. Individual fre
quencies can be displayed as 20 or 3D colo«oded 
maps that can be animated to visualize vibration 
shapes, concentrations, and flow. 

For More Information Write In No. 809 

www.nasatech.com 

Turnkey Optical 
Analysis System 
WaveFront Sciences Inc., 
Albuquerque. NM, designed 
its Complete Ught Analysis 
System-2D/ portable (CUS-
20/p) as a portable version 

of its earlier system, which now makes possible phase 
measurement in field as well as laboratory condi
tions. Vibration-insensitive and rugged, the CLAS 
2D/p measures both the intensity and phase of any 
optical source. It has an integral flat-panel display, 
but can also be used with separate large-screen mon
itors. The company says the instrument provides 
both a much greater dynamic range (>100 11m) and 
a higher sensitivity «A!IOO resolution) than compa
rable systems. 

For More Infonnation Write In No. 801 

Wavefront and Image 
Data Analysis 
United Technologies Adap
tive Optics Associates, 
Cambridge, MA, offers 
WaveLab'·, a set of soft

ware tools for the reduction and analysis of wave
front and image data. A suite of TcI/ Tk scripts pre
sents a graphical user interface to a unified 
Hartmann data reduction package. The company 
says virtually any type of sensor data may be analyzed 
to yield OPO, PSF, MTF, OTF, encircled energy. 
Zemike components, and fringe image. Users can 
create customized scripts and add their own algo
rithms to the toolset. WaveLab includes the WaveLab 
Manual and the Tel Users Guide, and is available on 
4-mm and 8-mm tape or CD-ROM. 

For More Information Write In No. 804 

Handheld Ultraviolet 
Viewer 
The new FIND-R-SCOPE'" hand
held ultraviolet viewer from FJW 
Optical Systems, Palatine, IL, 
enables users to observe the 
spectrum from 180-1250 nm, 
and optionally to 1550 nm. It 
can aid in examining and align
ing excimer laser beams and 

other UV sources. Other applications include UV 
lithography, photorefractive keratotomy, excimer 
laser micromachining and wire-stripping, annealing 
of LCDs, fingerprint analysis, and botanical studies. 
Field of view is 40' and resolution 60 Ip/ mm. Prices 
range from 1895 for the 18Q.125Q.nm model to 
$2195 for the 18o.155o.nm device. 

For More Information Write In No. 807 

Lens System for Low
LightlUV Photography 
The new image-intensifier 
lens system (ILS) from NAC 
Visual Systems, Simi Valley, 
CA, allows synchronized 
exposu res down to 20 ns 
with light gains up to 
lOO,ooox plus. according to 
the company. ILS extends 

high speed imaging to the far-blue/ UV spectrum 
down to 200 nm. NAC says ILS is compatible with vir
tuallyall 16- and 35-mm film cameras as well as video 
and image-converter cameras. Four models are avail
able, including the ILS-4, or RangeCam40"', a fully 
integrated high-resolution short-exposure system for 
ballistic ranges. 

For More Infonnatlon Write In No. 810 
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Artist's impression of the ESA scientific space probe Huygens, starting i ts descent through the thick methane atmosphere of the Saturn 
moon, Titan, after jettisoning its 3-meter diameter front heat shield. Huygens will be deployed by the NASA-developed orbiter Cassini. 
The joint ESAINASA CassinilHuygens mission will be launched in 1997 and will enter the Saturn planetary system in October 2004. 

he idea of creating an independent pace power in 
Europe began in the early 1960 . Believing that union 

meant strength, six European countries - Belgium, 
France, Germany, Italy, the etherlands, and the United 
Kingdom - in as ociation with Australia, joined together 
in 1962 to form the European Launcher Development 
Organi ation (ELDO) , a group focu ed on developing and 
building launcher ystems. 

Likewise in 1962, these same countries joined forces with 
Denmark, Spain , weden, and witzerland to form the 
European Space Re earch Organisation (ESRO), which 
undertook satellite programs. Ten year later, these part-

lIe 

ner decided to merge the activities of the two separate 
organization into a single body. In July 1973, an intermin
i terial conference of the ten European countrie met in 
Brussel and laid down the principle of creating the 
European Space Agency (E A). In 1975, Ireland applied 
for membership and was invited to join E A. On October 
30, 1980, the final ignature ratifying the Convention gave 
legal exi tence to ESA. 

ince then, the founding member have been joined by 
Austria, orway, and Finland. Cooperation agreements 
have been signed to allow Canada to participate in certain 
E A program and to sit on the ESA Council. 

NASA Tech Briefs,June 1997 





A ca e e 
, 

p 
he Space Busine Line of the powerful multinational 
group, Alcatel Telecom, i itself an international organi

zation of 12 European companies: Alcatel E pace, Alcatel 
Telspace, and SAFT (France); Alcatel Bell and ETCA 
(Belgium); Alcatel Espacio ( pain); Alcatel Kirk (Denmark); 
AME Space ( onvay); Alcatel Telettra (Italy); and Alcatel EL 
AG, Alcatel ANS, and Euteltracs (German ). 

The European leader in satellite tern, the Space Busine 
Line is also the second world leader in the field of communi
cation payloads. Last year, its workforce of 4,000 achieved 
global sale exceeding I billion. Known as a manufacturer of 
electronic equipment, ub y tern, and complete payload for 
communications, observation, and scientific satellites, the 
group al 0 manage complete communications atellite sys
tems - including space and ground units - for both civilian 
and military sectors. In addition, the group participates in 
observation and cientific programs. 

The Space Business Line is the industrial architect of complex 
communications satellite systems such as System Worldspace, 
Globalstar, and Syracuse. The international group also has 
demonstrated excellence in operation service through its par
ticipation in numerous space communications, ob ervation, and 
scientific program, including Intelsat, Eutelsat Telecom 2, 
Sinosat, Se at, MT-Sat, Mabuhaysat, Turksat, M2A, ilesat, Spot, 
Ulysses, Topex-Poseidon, Jason, and Envisat. At present, the 
Space Business Line is the main contractor for the worldwide 
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interactive multimedia atellite transmission program, kybridge. 
Alcatel Espace, with facilitie in Paris and Toulouse, maintains 

the leading position among the pace Busine Line companies 
with more than 500 million in ales and a staff of over 1,600. 
The company oversees the development and operation of com
munication satellite tern, a variety of payload ub tern and 
equipment, and ground control and communication units. Earth 
tation are provided by its relative, Alcatel Tel pace, Europe's 

large t manufacturer of standard ground stations and SATs. 
SAFT, another French Space Busine Line company, pecializes 
in satellite and launcher batterie . 

Alcatel Bell, a Belgium-based company, is expert in on-board 
and ground communication , TCR ground stations, and fre
quency generators and conveners. Another Belgian company, 
Alcatel ETCA, develops power supplies and subsystems for satel
lites and launchers, as well as launcher test benches. 

In Madrid, Alcatel Espacio designs and manufactures data 
proce ing units, while in Denmark, Alcatel Kirk's area of 
expertise is power conver ion and distribution units. Italy'S 
Alcatel Telettra specializes in micrmvave modules and Nonvay's 
AME Space is a European authority on hybrid circuits, SAW 
devices, I.F. filtering, and proces ing units. The three German 
members of Alcatel' Space Business Line are Alcatel SEL AG, 
a specialist in military satellites; Alcatel ANS, experts in air nav
igation satellite ystems; and Euteltracs, distinguished by its 
work in satellite truck fleet management. 

ASA Tech Briefs,June 1997 



Global Communication Satellite Systems: 
keep it in one hand. 

Alcatel offers unrivaled expertise in providing the turnkey 

solutions that meet your exoct telecom requirements. In Fact, 

we are one of the first companies in the world to supply 

every link in the telecommunications chain, from definition of 

specifications and Financial engineering to in-orbit delivery 

and operations. As supplier of both earth and space segment 

equipment, Alcatel delivers systems which are simpler, more 

reliable, more competitive. We have already been involved 

in more than 60 communication satellite systems and 

programs: civil and military, public and private, national 

and international. At Alcatel, we take pride in delivering a 

total system, ready to enter service from the word « go » 

- which means you can focus on your core business. If you're 

looking for a strategic partner, simply contact Alcatel on 

33 (0) 1 46 52 62 00 - Fax 33 (0) 1 46 52 62 50. 

A1catel, we help you grow. 

ALCATEL 

5, rue Noel Pons 92737 Nanterre Cedex, France. 
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CNES pays tribute to the scientists, 
engineers and companies who have cooperated 
in the implementation of the space programs 

which have made France one of the major actors 
in the conquest of space to better serve the world. 

PA R I S 

Space policies 
Aerospace industry 

Launch 
Operational orbit 

Control and exploitation 

International Space Station 
Altair Jason 

Antares LMS/STS missiom 
Aragatz Metop 

Argos Polder 
Ariane Pronaos 

Cassiople Proteus 
Cospas/Sarsat Scarab 

Cassini Huygem Sigma 
Columbus Soho 

Doris Spot 
Envisat Stella 
Gamma Stentor 
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Helios Topex Posbdon 

Iso ~ga ... 
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CENTRf NATIONAL D'ETUDES SPATIALES 

EVRT TOULOUSE KOUROU 
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Cent e atio al 
'Et des Spatiales 

(Fr nee) - C ES 
E is a government organization established in 

December 1961, re pon ible for developing French pace 
activitie . Its tasks are to propo e a pace policy to the French 
government and, in conjunction with its partners in industry, 
re earch, and defense, carry out its program . 

CNES implements the French pace policy along two main 
line, which complement each other: 
• b participating in the programs of the European pace 

Agency (ESA) and playing a major role in this organization; 
and 

• by conducting a dynamic national program which ensure a 
competitive French industry on a world level. 

This policy operates in areas where the most important 
trategic and economic challenge are at take: 

• acces to space with the Ariane program and a launch base in 
French Guiana (Centre Spatial Guyanais - CSG). This pro
gram is undertaken in the framework of E A and launch ser
vice are marketed by Ariane pace, a CNES ub idiary; 

• manned pace activities in cooperation with Russia and the 
United State, and a ignificant contribution, within ESA, to 
the International Space Station program; 

• space applications such as telecommunications (Stentor), 
Earth ob ervation (Spot, Topex-Po eidon, Envisat, and 
Polder), and development of new products in partnership 
with industry (the Proteus platform for mall satellites); and 

• scientific programs in conjunction with research organiza
tions in European or international cooperation (Iso, oho, 
Interball, etc.). 

Over the years, the CNES has trengthened its links with its 
partner: 
• with space users by finding the right compromises between 

their requirements and choice of space technique; 
• with French industry to which C ES gradually has trans

ferred its know-how and project-management skills to sup
port its competitivenes ; 

• with laboratories in industry and in large scientific organiza
tion with which it works in numerous re earch programs; 

• by supporting the developing countries in the use of space 
technique for purpose of knowledge, economic growth, 
and re ources management; and 

• by participating in a defense program in partnership with the 
defen e entity, thus generating synergy between civilian and 
military programs. 

Today, the space sector i in a phase of major evoluti.on. In 
particular, its activitie and products gradually are taking on 
the dimensions of the commercial market, which demand 
innovation and a quest for new application . In order to adapt 
to thi new context, CNE has drawn up a strategic plan defin
ing a framework for its activitie in the next few year. CNES 
plan, in particular, to extend its partnership policy by enhanc
ing the value of its potential for innovation in markets with a 
future. 

The French space program, driven by trong political ambi
tion for over 30 years and run by NE, is an e ential part of 
the European program and a reference in the world today. 

NASA Tech Briefs,june 1997 
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rianespace is the world 's first commercial space trans
portation company, set up in 1980 by 36 leading 

European aerospace and electronics corporation, 13 major 
banks, and the French space agency CNES (Centre National 
d'Etude Spatiales). 

Arianespace is a European venture, the direct result of 
nations' commitment to bringing the Ariane family of launch 
vehicles from the drawing board to the launch pad. To meet 
this challenging goal, they turned to the European Space 
Agency (ESA) and mobilized the scientific and technological 
expertise of CNES. 

The shareholding partners in Arianespace represent the sci
entific, technical, financial, and political capabilities of 12 
countries: Belgium, Denmark, Germany, France, Ireland, Italy, 
the etherlands, orway, Spain, Switzerland, Sweden, and the 
United Kingdom. 

To satisfy fast-<:hanging market needs, Arianespace is directly 
present worldwide: in Europe, with its head office located near 
Paris, France, at Evry; in orth America "vith its subsidiary in 
Washington, DC; in the Pacific Region, with a representative office 
in Tokyo,Japan; and tlle Arianespace ASEAN office in Singapore. 

Arianespace has 320 employees and share capital of 270 
million francs . As a space transportation company, 
Arianespace offers the following products and ervices: 
• markets launch services for customers throughoUl the 

world; 
• finances and supervises the construction of Ariane 

expendable launch vehicles; 
• conducts launches from the Kourou space center in 

French Guiana; 
• provides a launch insurance scheme; and 
• offers partial financial loans for Ariane launches. 

The Arianespace launch package is renowned for its 
highly reliable, personalized service. A team of experts is 
assigned to each mission, providing support throughout 
the launch campaign. Customers have come to rely on the 
savings in time and costs made possible by our operational 
efficiency and flexibility. 

Most of the world's commercial satellite operators have 
contracted to launch at least one satellite with Arianespace, 
reflecting our pragmatic, cost-effective approach to getting 
satellites into orbit. 

ARIANESPACE 
The world's space 

transportationcompany 
Arianespace is tying together telecommunications networks with 
satellite operators and constructors as partners and customers. These 
global networks support direct television broadcasting, offer enhanced 
meteorological capacity, make it easier to observe the Earth and 
open the way to space-based scientific programs. 
With the arrival of Ariane 5 alongside Ariane 4 Arianespace is not only 
gaining greater Launch capacity but aLso making its compLete service 
even more adaptable and readily availabLe. 
By placing at least twelve satellites in orbit every year, Arianespace 
is making space work to make Life easier for everyone. 
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Celebrates 
1 0 Years 
of Success 

ovespace, the subsidiary of Centre ational d'Etudes 
Spatiales (CNES) responsible for technology transfer and 

the promotion of microgravity, celebrated its tenth anniversary 
this past July. The small Paris-based company has a great deal 
to celebrate. Under the direction of President and CEO Jean
Pierre Fouquet, the company has seen tunlover grow by 400% 
since its creation in 1986. In 1996 alone, Novespace earnings 
were over $3.5 million (FF 18m) - up 7.5% from those of 
1995 - with profits of 6.6%. 

In conjunction with its tenth anniversary celebrations, 
Novespace organized the Third Bi-Annual Microgravity 
and Parabolic Flight Colloquium in Bordeaux, attracting 
scientists and engineers from all over the world. At that 
time, Novespace unveiled the A300 ZERO-G, an airplane 
modified specifically for parabolic flight activity. 

As organizer of parabolic flight since 1988 and the operator 
of the Caravelle ZERO-G from 1989 to 1995, Novespace has 
acquired extensive experience in the field of microgravity. 
Certain the A300 will enhance its parabolic flight activity and 
propagate continued interest in microgravity, Novespace antic
ipates 1997 to be an incredibly successful year. 

Parabolic Flight and A300 ZERO-G 
t present the world's largest parabolic aircraft, the A300 
ZERO-G has an experiment cavity of 300 m3

. The aircraft 
can host as many as 20 different experiments and up to 40 pas
sengers (not including crew). Outfitted with accelerator indi
cators, video screens, and a special gauge and measurement 
station, the A300 now can mea
sure and display pertinent data 
specific to the execution of par
abolic maneuvers. In addition, 
the 20-meter-Iong experimenta
tion zone is equipped with 50 
seats, ten electrical panels (20 
kVA), an overboard venting sys
tem, attachment rails, foam 
padding, and special lighting. 

ovespace executed 28 suc
cessful parabolic maneuvers for the A300's first commercial 
campaign on February 4 and 6, 1997. These flights were com
missioned by the Japanese companies NEC and JGC, which 
tested the solar panel deployment of the NASDA experimental 
satellite, COMETS. COMETS, scheduled to be launched into 

geo tationary orbit in August by the Japanese launcher H2, is a 
next-generation satellite that will serve as a test bench for many 
new technologies - notably inter-satellite communications. 
NEC andJGC used the A300's voluminous experiment zone to 
test the deployment and retraction of the satellite's 14-meter
long solar panels. Prior to the tests, irnilar panels had failed to 
retract during a satellite recovery mission by the space shuttle. 
The parabolic maneuvers provided an opportunity for real 
microgravity testing that demonstrated the effectiveness of 
NEC modifications and the necessity of parabolic flight for 
testing prototypes. 

Technology Transfer 
ovespace has been very busy on the technology transfer 
front, as well. In 1996, technology transfers rose 10% 

over those of 1995. Subscriptions for their technology cata
logues, "Mutations" and "T.E.S.T.", have increased to more 
than 20,000 and 40,000, respectively. These catalogues serve 
to disseminate information about various technologies devel
oped by European aerospace industries in hopes of finding 
applications for them in other industrial sectors. At present, 
Novespace is working on just over ten transfer projects. 

In addition to distributing information regarding new 
technologies, Novespace conducts market studies and 
research for non-space-related companies with specific tech
nological needs. As a member of an international technolo
gy transfer network, the Spacelink Group, Novespace works 
with technology transfer companies from the 14 countries 

represented in the European 
Space Agency. This tight and 
expansive network has enabled 
Novespace to provide its cus
tomers with the latest high
tech European developments. 
Novespace's international 
scope is best represented by its 
French, British , American, 
Irish, and German staff. Aside 
from clearly being an interna

tionally staffed company, Novespace is always looking for 
opportunities to join forces with European, Japanese, 
Russian, and North American companies in order to expand 
and augment both its technology transfer and parabolic 
flight activities. 

For More Information Write In No. 479 
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Socie e Anonyme Bel 
Co st uctio 5 Aerona 

e de 
ti ues {S.A.B.C.A. 

AB.CA i an innovative high-tech company that ervice 
the European aero pace and military community. 

Belgium's leading aeronautic con truction company for over 
75 years, it design, develop, and manufacture a variety of 
space vehicle and hardware emblies and components. In 
addition to manufacturing hardware, the company has facili
tie in Brus eis, Go elie, and Limburg with extensive analysis 
and te ting capabilities. Headquartered in Brussel, 

Making tride in pace vehicle technology, S.A.B.C.A. 
worked with erospatiale on the de ign, thermal analy i , 
and manufacture of internal and external structural 
assemblies for the Atmo pheric Re-entry Demonstrator 
(ARD), a cal ed-down ver ion of a future manned cap
sule. At pre ent, the company i working with 
Aerospatiale and MAN (Germany), and is conducting fea-

sibility tudie and de ign analysis of a Crew 
R e cue/Transfer Vehicle (CR/TV). SAB.CA is in a perfect po ition to design, 

develop, manufacture, and test a wide spec
trum of space hardware, from launcher 
structure to thrust vector control ystems, 
which can be either electrohydraulic or 
electromechanical in configuration. 

Responsible for the development of the 
cost-effective thermal protection procedure 

S.A.B.C.A. 

S.A.B.C.A. also does a great deal of work 
in the space vehicle components 
domain, designing electronically con
trolled motorized pointing, deploy

ment, and hold-on mechanisms. 
The S.A.B.C.A. team is expert in robotics 

as well. The company designed and manu-
"PRO SIAL" and of "DIAS," a laminated damping device 
that isolates the main body of a launcher from the boosters, 
S.A.B.C.A. has contributed enormously to the amelioration of 
numerous European launcher y terns. In addition to these 
valuable developments, SAB.CA has worked closely with 
Aerospatiale (France) on the Ariane launcher programs. For 
both Ariane 4 and Ariane 5, the Belgian company designed, 
analyzed, developed, and manufactured electrohydraulic ser
voactuators including Direct Drive Valves (thrust vector con
trol systems), and for Ariane 5, it designed and manufactured 
the lower booster skirt and booster nose cone. 

factured an integrated ervice tool and articulated 
joint service for the HERMES program, and continues to 
develop and test robotic technologies for future projects 
(ERA). In collaboration with SEP, S.A.B.C.A. realized a 
preliminary study and manufactured a motorized section 
of a valve allowing proportional control of cryogenic flu
ids for VULCAN MK.2. 

S.A.B.C.A.'s space flight proven technologies are being 
implemented in an active thermal control approach using 
loop heat pipes, two-phase capillary pumped loop and 
heat pipes for space vehicles. 

• ass 

For More Information Write In No. 480 



S al at: Data 
Ac uisitlon and 
Sat I e Tracking 
From he Top of 
the World 

ith trong support from the orwegian govern
ment, the orwegian pace Centre ( SC) is now 

establishing Svalbard Satellite Station (SvalSat). Located 
at approximately 80· ,it will offer full coverage; 14 out 
of 14 daily pas es of polar orbiting sateJlites. 

NASA will be the fir t user of the station for acquisi
tion of data from the Earth Observing atellites (EOS) 
and Landsat 7, both important parts of the Mis ion to 

Planet Earth program. SC will operate the station on a 

An artist's rendering o f the Svalbard Satellite Station (SvaISat), which will 
provide satellite tracking and data acquisition. 

ASA five-year contract of 6 million US. ASA primarily has 
requested backup service for data reception from the EOS-AM 
1 satellite, which will be launched in 1998. The agreement is 
based on the existing Memorandum of Agreement between 
NASA and NSC and the details are described in ajoinl imple
mentation plan. Norway will provide basic infrastructure such 
as acce s road, utilities, and a station building, while ASA is 
providing the technical infrastructure required. SvalSat also 
will be capable of tracking sounding rockets and Early Orbit 
Support for orbital launche . 

NSC's goal is to make SvalSat a key station in the global 

MTPE ground station system and the facility will be pro
posed as a prime data reception station for the EOS follow
on atellites. 

Discussions are being held between SC and the Indian 
Space Research Organization (ISRO) about the possibilities to 
locale a control station for the Indian IRS C/D and related 
missions at SvaiSat. The Indian Earth Observation satellite sys
tem is expected to grow significantly in size and complexity 
over the next years, and SvalSat will allow a 92% total coverage 
of seven Indian satellites. If the parties agree, NSC will provide 
ISRO with TT&C support 24 hours a day. 
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Imaging 
Image Processing Pioneer Now Offers 
Focused Products for Industrial Imaging 
From our roots in the late 19 0 as a pioneer of digital image pro
ces ing technology for military, aero pace, and R&D application , 
Datacube, Inc. of Danvers MA, has evolved into a major supplier 
of focu ed solutions for commercial image processing markets. 

In the early 1990s, our highly experienced image proces ing 
engineering staff was reorganized into vertical groups for 
machine vision, web inspection, and medical imaging. 

Over the past year, the e •• 
groups have produced a steady 
stream of powerful and innova
tive new products for commer
cial imaging users. As a result, 
well over half of Datacube's 
sales are now to industrial 
vision OEMs. 

MaxPCI-The New Performance Leader 
The MaxPCI® image processing engine for PCI-based systems has 
extended Datacube performance to a variety of new industrial and 
medical application areas. 

Built exclusively with 40 MHz pipelines, MaxPCI features 
include dual acquisition, a massive non-blocking crosspoint, and 
110 MB/sec. pipeline-to-PCI bus transfer. ew MaxACQ acquisi
tion modules, and PSMOD Processing and Storage MODules 
allow configuration for many different specific requirements. 

For low-cost solutions to a variety of mid-to-high-end indus
trial and medical applications, MaxPCI is the ideal choice. 

Rugged, Dependable VME Products 
For those applications where the ruggedness and dependability of a 
VME architecture are appropriate, Datacube offers the MaxVideo 
250® our 4th generation, single-slot image processing subsystem 
that includes High Speed Image Access for frame-based processing. 

Built around the MaxVideo 250 and Motorola's Powerpc®, the 
PowerTD™ system includes all the hardware and software for 
plug-and-play development, and allows seamless deployment of 
fini hed applications to multiple, low-cost target systems. 

Powerful Solutions for Machine Vision 
Datacube offers powerful, accurate, easily deployed, and compet
itively priced machine vision systems for integrators and OEMs. 

~DATAC u B 

l1WPOWer® is a comprehensive 
single- lot solution for OEMs 
with an on-board PowerPC chip 
and a flexible camera interface. 
mvTD™ is a fast, accurate, fully 
integrated solution in a compact 
unit with mvPower, Ethernet, 
the MaxVision Toolkit, and a 

remote procedure call external control. 
A comprehensive software suite for machine vision, the 
MaxVision Toolkit™ includes motion/robot guidance tools and 
metrology tools with sub-pixel accuracy. The SMT Package is a 
software extension for sUlface mount technology applications. 

Continuous Web Inspection Solutions 
For challenging web inspection applications, Datacube offers 
Black WidowTht, a powerful, easy-to-integrate systems solution. 

With a scalable architecture, Black Widow can include cameras 
and lighting fully protected in factory-ready enclosures, an opera
tor interface with an application-specific Gill, and a defect 
recorder. Based on open standards, Black Widow easily interfaces 
with existing web control systems. 

For system specification, Datacube offers Arachne™-a pilot 
system that can be set up at the web, so the integrator and cus
tomer can quantify the task and specify exactly the right solution. 

Focused Solution Products 
coreDAPTM technology adapts Datacube hardware and software to 
the specific requirements of medical imaging OEMs, providing 
image processing, storage and retrieval, and networking for digital 
motion angiography applications. coreDAP incorporates 
Datacube's proprietary MD image recording/playback technology. 

PowerTrack™ is a comprehensive tracking solution that stream
lines development of surveillance, inspection, and factory automa
tion applications. It includes automatic target acquisition, gate-siz
ing, full-edge tracking, and tracks two targets simultaneou ly. 

D AT A CUB E-unmatched imaging experience, the best 
price/performance, a commitment to quality backed by ISO 9001, 
focused solutions-the choice for industrial image processing. 

E 

US: Phone: 508-777-4200· Fax: 508-777-3117 
Europe: Phone: +44 1442-233133 • Fax: +44 1442-230183 

info@datacube.com • http://www.datacube.com 

An ISO 9001 
Certified Company 



- .Buy tl 

- Faster, more reliable and Ie -co tl 
than building your own 

Datacube and partner SVS R&D 
Systems have combined their extensive 
tracking appHcation experience to 
develop Power'fracl('M -a low-cost, 
total OEM solution for video tracking 
applkatlons. 

With ~ miItfary .. t.oJIl

mercial developers of CfetNJ .... Vid80 
trackin& app~f die fitst 
time-bage a *ble ....... to 
costly, tim.e-coDsuming ~ dtwl
opment eIorts. 

PoweiIiack is awiIable In a 
of configuraUoos to meet 
diIerent sped6c require-

Before you decide to design 
build a video tracker, get the 
on Power1Dck-the hIgh

,molrmance COTS a1tematlve. 
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Kingston ix an 
5tora e 50 utio s 

ing ton's torage products provide olution specifi
cally de igned to reliabl upport increased torage 

capacity and sy tern flexibility. e the King ton rugged 
Data Silo expan ion cha i, available \vith up to nine ba , 
to accommodate fixed torage needs. e the reliable Data 
Expre enclo ure for y tern internal removable torage. 

Data Silo 05500 Chassis 
(9-bay Rackmount or Tower) 

ur Data Silo D 500 i a teel rackmount or tower, RAID or 
lBOD Oust a Bunch of Di ks) external expansion chassi 

designed to reliably house any combination of up to 9 half
height (or 4 full-height and 1 half-height) devices. ed in con
junction with our Data Expre s removable device enclosures, 
the DS500 can house up to 12 removable devices. 

The King ton D 500 can upport up to 4 host y tern. This 
enclosure comes tandard with a power-on LED indicator, 1 or 
more highly rated, load- haring, hot-swappable power sup
ply(ies), and 2 quick-released, hot-swappable cooling fans. The 
DS500's front operator display panel provide a vi ual and 
audible warning alarm system that reports dangerous operat
ing condition . 

Each DS500 unit is designed to suppon a variety of storage 
application , from daisy chain configurations to high-perfor
mance RAID olutions. Prewired and cu tom-wired configura
tions are available with 50-pin S I 2 and 68-pin SCSI 3 I/O 
interfaces. The DS500 is compatible with all popular platforms. 

Data Silo 05100 Chassis (1-, 2- & 4-bay) 
he Kingston DSlOO family of expansion chassis can 
house up to (4) 3.5" or 5.25" half-height, or (2) 5.25" 

full-height SCSI peripherals. Each DSIOO is constructed of 
rugged steel and is designed to easily withstand the high tem
peratures generated by today's high-performance devices. 
These chassis are equipped with internal wiring, blank filler 
panel ( ), and highly rated, auto-ranging, enhanced power 
supply(ies) and fan (s). 

Data Silo 0590 Chassis (1 bay) 
ur stackable DS90 I-bay expansion chassi i construct
ed of metal-shielded plastic. Thi lightweight, yet 

durable enclosure comes equipped with 4 stacking feet, 2 
highly rated fans, auto-ranging power supply, internal wiring. 
a blank filler panel, industry-standard audio jacks, and a 
unique removable device installation sled. Various available 
version of the Data ilo provide flexible options for torage 
expansion, making our Data Silo enclo ures ideal for de k
top. JBOD, and RAID, single and dual port disk array. 
Combine our Data Silo DS100 chassi with our Data Expre 
ubsy tern units and enjoy the convenience of up to 6 remov

able devices in a small-footprint, desktop storage enclosure. 

Data Express (Removable Device Enclosure) 
he Kingston Data Express line of removable device enclo
sures can house 2.5" and/or 3.5" drives or 3.5" front-load 

type devices. Data Expre s subsy terns are mountable into any 
internal or extem.w 3.5" half-height and 5.25" half- or full
height peripheral expansion bay. 

12c 

a ch Flexi Ie 

Kingston Data Expre units are olidly constructed and 
employ high! reliable mating connector that are rated as 
high as 25,000 in ertion cycle for mo t model. An ill elect 
indicator, device carrier key lock, device activity indicator light, 
and anti tatic in ertion guide rail are tandard feature. 

Our Data Expre modular ub ystem are ideal for applica
tion that require cold, warm, or hot wapping of device. In 
addition, the Data Expre i perfect for data tran fer or tran -
portation. data ecurity, archiving large file • JBOD and RAID 
application. "Mix and Match" with our Data ilo tandalone 
expansion chassis with the Data Expre s for a cu tom, external 
removable olution. 

Warranty & Testing 
11 Kingston to rage products carry a 7-year warranty. the 
longe t in our industry. We are 0 sure that our customers 

will be completely satisfied with our torage products. that in 
addition to our unbeatable 7-year warranty. we offer a 30-day, 
no-questions-asked, money-back guarantee. Every King ton 
storage product i 100% te ted and burned-in for 24 hours 
prior to hipment. AJI products are UL, CSA, and TuV 
approved and are de igned to meet FCC class B and CE speci
fications. Kingston torage Products Divi ion is an active mem
ber of the RAID Advi ory Board (RAB). 

What Our Customers Say 
ur mo t recent customer survey revealed the following 
quotes: "I like Kingston storage products because their 

high quality helps build customer loyalty." "As far as reliability 
goe , KTC is the Rolls-Royce of torage products." "1 buy 
King ton storage because I know that I am not going to have 
trouble connecting it up." "I can get delivery from King ton in 
2 or 3 days." "When a shipment come into the port for repairs, 
we can count on King ton to get the products we need right 
away." "I do not have the room to carry inventory, 0 fast ship
ping is necessary for me to please my customer, and so far 
Kingston has not let me down." "Whenever 1 call King ton for 
anything, 1 alway get a helpful person on the line, not just 
someone trying to ell me something." 

Where to Find Our Products 
ith approximately 700,000 Kingston storage products 
shipped around the world, often we are asked where 

our products actually are used. Because we sell through di tri
bution and integrator, applications are difficult to track and 
often are not reported to u . However, we do know that some 
of our products have found their way into the White House, 
aboard Woods Hole' submersible "AJvin" for exploration of 
the Titanic. into Army bunkers in the Middle East, onto a few 
of ASA's huttles, onboard large number of avy ship, on 
Air Force C130 aircraft, and most recently, dropped from pods 
into Bo nia for information retrieval purpo es. Whether it's 
RAID or JBOD configurations for graphics, multimedia, 
de ign, file ervers, CAD/CAM, engineering security or gov
ernment applications, Kingston ' storage products are rugged 
and flexible enough to suit most needs. 

Call us today at 800-435-0642, e-mail u at storage 
@kingston.com, or find u on the web at http://www. 
kingston.com. 

NASA Tech Briefs,June 1997 



c o M p u T N G w T H o u T L M T 

PICTURED CONTROL,.LERS AND DRIVES NOT INCLUDED 

W HEN IT COMES To DATA STORAGE , 

IT'S NOT JUST ABOUT BEING TOUGH. IT'S ALSO 

ABOUT BEING FLEXIBLE. 

Flexibility. It might be one of the last things you think our Data Express enclo ures are ideal for your 

about when buying storage enclosures, but the first thing internal and external removable storage needs. 

you need when your storage requirements Best of all, you can integrate a variety of 

grow or change. However, if you are already Data Express models into a stand-alone 

using Kingston's rugged line of Data Silo· Data Silo and create your own custom 

expansion chassis or removable Data Express- DA.TA SILO EXPA.NSION CHA.6SIS removable solution. Plus, all Kingston storage 

drive enclosures, you've got plenty of choices. enclosures are backed with King ton's 

Kingston's storage products are specifically DA.TA. EXPRESS REMOVA.BLE STORAGE superior ervice and upport, including 

designed to meet long-term storage needs, offering an 

unparalleled variety of mix-and-match olutions. Our reliable 

Data Silo expansion chassis are avaiJable with up to 9 bays, and 

a generous 7 -year warranty. King ton Storage enclosures

proof that you can be both tough vinllstOIl 
.I'\..ff~~ 0 LOG Y 

and flexible at the arne time. STORAGE PRODUCTS DIVISION 

For more information , call us at (800) 259-9370® Visit OUT Web sitt : http : //www.k1ngston . comlad . htm 

Ktng>lcn Technology Company 17600 ewhope S..-:. Founcnn Vall." CA 92708 USA (714) 435-1850 Fax 135· 1847 E-maol It .. orageking<,oo.c:om. 
C> 1997 Klng>'oo Technology Company. All ngl". ~ Ktngston, Data Silo and 0. ... Expr.s. are regu.ered IJlIdcmarb.oJ Campuong W"hou. Luruu 

is • tn<imwk of Kingston Technology Company. All other tra<Lomarb and "'IriS[.,od trademarks au the property of their resporove owner.\. 
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COMPREHENSIVE STOCKLIST & 
REFERENCE MANUAL 

METALS WATCH! 
QUARTERLY NEWSLETIER 
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STEELOG· A METALLURGICAL 
DICTIONARY 

(973)808-8300 
FAX: (973)808-4488 
26 Law Drive, Fairfield, NJ 

07004-3293 

WorldWideWeb: 
http://www.steelforge.com 

Email : info@steelforge.com 

I 

ALLOY INFO REPORTS 
Complete chemistry, physicals, specifi
cations, heat treatment, machinability, 

design characteristics, availability, 
costing 

OVER 3000 ALLOYS • Stainless Steels 
• Nickel· Titanium· Aluminum· Alloy 
Steel· Tool Steel· Tungsten· Carbon 
• Molybdenum· Trade Named Metals 

1----
FREE DEMO REPORT 

AND SUBSCRIBER 
SERVICE 

INFORMATION, CALL 
TOLL FREE: 

1-80Q.600.9290 

ALLOY/INFO FAX 

I INSTANT REPORTS ON THE INTERNET 

WEB ADDRESS: ALLOY INFO 
http://www.steelforge.com HI:-"'."".!'. I 

E·MAIL: j E~S 
info@steelforge.com ... 

World Wide Web: 
http://www.steelforge.com 

Email : info@steelforge.com 



IOPEN DIE FORGINGS & ROLLED RINGS I L-I _ S_P_EC_IA_LT_Y_ST_E_EL_I_N S_T_OC_K_~ 
Rounds ' Blocks ' Cylinders ' 
Rings (to 160") • Shafts • Hubs ' 
Flanges ' High Temp Alloys · Corr. 
Resist. Alloys • Nickel Alloys • 
Cobalt Alloys · Stainless Steel · 
Duplex Stainless ' Ph Grades ' 
Titanium • Aluminum · Alloy Steel 
• Carbon Steel ' Tool Steel • 
Tungsten ' Moly · Low Expansion 
• Glass Sealing 

The ' 'Hard-to-Find Specialists" 
Specialty Steels • High Temp Alloys 
• Corr. Resist. Alloys ' Nickel Alloys 
• Cobalt Alloys ' Stainless Steel · 
Titanium ' Aluminum ' Alloy Steel' 
Carbon Steel ' Tool Steel ' Tungsten 
• Molybdenum · Trade Named 
Metals · ALL MILL FORMS: Sheet 
• Strip • Plate ' Bar • Rounds • Wire 
• Tubing · Pipe ' Fittings · Flanges 

~O_U_R_C_OM_M_IT_ME_N_T_AN_D_P_LE_DG_E~IL-I __ AL_L_OY_n_NF_O_R_EP_O_RT_S_~ 
--.----, GLOBAL BUSINESS in the '90s and 

beyond will demand excellence in client 
ervicing. We are committed to creating 

and building "partner hip" type 
relation hips to better erve our 
customers. Towards this goal we pledge 
only the be t po sible ervice, quality 
products, and fair competitive pricing. 
Our commitment and pledge will help 

1--_ __ .;:;....0 .................. you meet your challenge of tomorrow. 

VISIT OUR WEB SITE! 

Complete Chemistry, Physicals, Specifications, Heat Treatment, 
Machinability, Design Characteristic , Availability, Costing 
OVER 3000 ALLOYS · Stainless Steels ' Nickel · Titanium 
• Aluminum ' Alloy Steel ' Tool Steel ' Tungsten · Carbon 
• Molybdenum ' Trade amed Metals 

WEB ADDRESS: http://www.steelforge.com 
E-MAIL:lnfo@steelforge.com 

~PflC;tE!tlj 
.,S7tflfl! g 7'~fl 

(973)808-8300 FAX: (973)808-4488 
http://www.steelforge.com 

E-Mail: info@steelforge.com 
26 Law Drive, Fairfield, NJ, USA 07004-3293 
World Wide Web: http://www.steelforge.com 

E-Mail: info@steelforge.com 
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au ere & 
J t ea • • 
Insuring Progress 

he French insurance and re-insurance broker, Faugere 
&Jutheau, has been insuring Europe's space, aviation, 

and high-tech aerospace industries for over 20 years. 
Presently under the direction of Chief Executive Officer 
Mohammed B. Dahbi, Faugere & Jutheau provides a spec
trum of financial protection from launcher insurance or 
ground facilities coverage, to in-orbit life insurance. 

The firm furnishes ESA with launch insurance for a num
ber of its space programs (OTS-1,2; METEOSAT; ECS-
1,2,3,4,5; MARECS-A,B,B2; and OLYMPUS F1) and in-orbit 
life insurance for the ECS-1,2,4,5 programs and th e 
MARECS-A and B2 programs. For C ES, Faugere & 
Jutheau provides launch insurance for SYMPHONIE, p re
launch coverage for Ariane launches and SPOT satellites, as 
well as coverage for ground facilities and space activity 
liabilities. 

In addition, Faugere & Jutheau provides insu rance for 
EUTELSAT, Arianespace (Ariane launch ers), France 
Telecom (Telecom 1 and 2 families), Aerospatiale (ARAB
SAT, TURKSAT, AHUEL, THAlCO M, AGILA), 
TeleDiffusion de France, Spot Image, CLS, ARABSAT, 
NAHUELSAT, DASA, and the European South ern 
Observatory. 

Intes ace 
ntespace is a limited company specializing in environmental 
testing services and engineering (with an average annual 

turnover of llO MFF), running a 20,000 m2 environmental test 
center located within CNES Space Centre of Toulouse. 
Environmental Tests (from space to industrial applications) 
• Mechanical tests (COFRAC accreditation): 

acoustic, vibration, shock 
• Thermal tests: solar vacuum (space simulation), 

thermal vacuum 
• Climatic tests: hot, cold, humidity 
• Electrical tests (COFRAC accreditation): 

electromagnetic compatibility 
• Compact antenna test range 
• Associated supports, including maintenance, 

metrology (COFRAGcertified for electrical quantities, 
acceleration, masses, and temperatures) 

• Operation of test facilities 
Design, Research, Consulting & Engineering 
(in environmental techniques) 
• Structure dynamics: structural calculations and 

modal analysis, optimization, calibration 
• ew testing methods: transient vibrations, 

microdynamic vibratioru, infrared tests 
• Test center engineering 
• Test facilities engineering 

• Training 
Data Processing 
• Design and industrialization of information systems for test 

and simulation data management analysis (DynaWorks*) 
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The leading French 
insurance broker serving 

high technology in 

Aviation and Space 

to provide its clients 
with a first class 

worldwide service, 

Contacts : 

Stanislas Chap ron 

Jean Fournier 

Jose Da Costa 

... FAUGERE& 
Il.I JUTHEAU 

MARsH" 
MCJ.l'NNAN 

54 , quai Michele, 92681 Levailois-Perre, Codex 
Tel : + 3314134 50 00 · Pax : + 33141345106 
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Larg Euro ea 
lest Center 

Testing 

Test Center Engineering 

Test data processing software 

e intespoce 
L'lnteiligence de l'Environnement 

18, avenue Edouard·Belin • B.P. 4356 . 31029 Toulouse Cedex 4· FRANCE 
Tel. +33 (0) 5 61281111· Fax +33 (0) 5 61281112 
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IMEC: a Dynamic 
Microelectronics Resource 

Established by the Government of Flanders in 1984, IMEC is 
located in Leuven, Belgium. ow the large t independent 
microelectronics center in the world, it currently employs 
about 700 mostly scientific and technical professionals, while 
working with a large number of collaborators, approximately 
365 companies and research organizations worldwide. 

As Europe's leading laboratory in microelectronics, it is par
ticipating in close to 90 R&D projects cofunded by the CEC. 
lMEC i al 0 strongly involved in the various JESSI projects, 
including the common JESSI/ESPRIT ADEQUAT project on 
0.25-micron CMOS, for which IMEC was project coordinator. 
lMEC is involved in many R&D projects for ESA 

Scientific research, which runs 3-10 years ahead ofindustrial 
needs, i concentrated on: digital telecom systems, broadband 
and high-speed communication , design methods, submicron 
process technology, nonvolatile memorie , microsystems, mul
tichip modules, compound materials, electronics, and opt~ 
electronics, broadband and personnel communication, physi
c~hemical analysis, and solar celJs. Besides these research 
activities, IMEC makes an appreciable contribution to the 
training of microelectronics specialists of tomorrow. 

IMEC developed a variety of specific formulas of interaction 
as a strategic technology parmer for industry. Specific pr~ 
grams are the Industrial Affiliation Program and Industrial 
Residentship. Furthermore, process steps and modules, as well 
as fully integrated submicron technologies, are transferred to 
industry. To date fMEC has set up 13 spinoff companies, based 
on its R&D results. 
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Now you can subscribe to 
NASA Technology Today 

the exciting new teaching tool for educators and parents 

NASA Technology Today's mission is to share the excitement, adventure, and knowledge of NASA's work with 
teachers and parents for use in the classroom and home. Each full-color, illustrated edition will be your guide 
inside NASA, spotlighting the agency's major missions, launches, science projects, discoveries, and tech
nology breakthroughs - with fun activities for students. Plus, you'lIleam where and how to take advan
tage of NASA educational resources, including special Internet sites, software, videos, and more. 

Subscribe for a full year - six issues - for the charter rate of $17.95 ... or two years for just $29.95. Additional 
copies (addressed to sarne subscriber) are only $1.00 each ($6.00 additional per year). 

Don't miss a Single issue ... subscribe today! 
Published In cooperation with NASA and the International Technology Education AssOCiation. 

Q Please enter my subscription to NASA Technology Today for. 0 one year at $17.95 ::3 two years at $29.95 

Q I also want to receive _ additional copies of each issue, at $1.00 per copy x 6 for the subscriptJon year 
(e.g. - $12.00 for 2 extra copies of each issue) 

Total: $ 

Q check enclosed (payable to Associated Business Publications IntI.) 

Q charge my: VISA ::3 MasterCard 0 American Express 

Card NoJExp. Date _________________ _ Name _______________________ _ 

Signature Organization ____________________ _ 

Phone No. Address ______________________ _ 

FaxNo. ______________________ __ City/SVZip __________________ __ 

Mall to: Associated Business Publications Inti., 317 Madison Avenue, New YorI<, NY 10017. 
Or faX credit card orders to: (212) 986-7864. 
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Our new A300 ZERO-G is the world's largest parabolic airplane. 
Now, achieving space-like conditions is economically feasible and 
logistically realistic. Our A300 ZERO-G is ideal for training 
astronaut operations, conducting scientific research, and testing 

new technologies destined for space. Tailored to accommodate your specific needs, our 
parabolic campaigns encourage direct intervention before, during, and after flight 
activities. Don't let the weight of the world keep you down ... 

DEFY GRAVITY. 

For further information, call Novespace today 
at 00 33 (1) 42 3341 41. 



@ Software for Internet 
Distribution of 
Oceanographic Data 

The DODS HDF Data erver and 
Client Library computer program facili
tates distribution, via the Internet, of 
oceanographic data that reside on 
servers in the Disoibuted Ocean Data 
System (DODS). This oftware extends 
the suite of DOD data formats to 
include Hierarchical Data Format 
(HDF), which is the primary format for 
dissemination of data from NASA's 
Earth Observing System (EOS). With 
the help of this oftware, an application 
program that utilizes the HDF applica
tion programmer interface (API) can 
gain direct access to data on a remote 
DODS server; the access and the con
comitant translation of data between for
mats are both automatic and transpar
ent to the application program. Users 
can develop programs that perform 
such operations as extracting subsets 
and conducting searches as though the 
data to be examined resided in their 
own local computer files. The DODS 
and this software work under UNIX. At 
the time of receipt of information for 
this article, the server component of the 
soh-ware was undergoing beta te ting, 
and the client component was still 
undergoing development. It is planned 
to release the client and server compo
nents together in a ingle package. This 
work was sponsored by ASA's Earth 
Science Data and Information ystem 
(ESDI ) Prototyping effort. It is intend
ed that this oftware will be incorporated 
into the EOSDIS (EOS Data and 
Information ystem) core vstem to pro
vide remote acce s to EOS data sets. 

This program was written by Todd 
Karakashian of Callech for NASA's J et Pro
pulsion Laboratory. For further informa· 
tion, write i ll 98 on the TSP Request Card. 
NP0-20020 

@ MOO Web Core 
The MOO Web Core computer pro

gram implements an interface between 
the MOO multiple-user database com
puter ),stem and the World Wide Web, 
enabling any 'Veb user to obtain infor
mation from a MOO server. At the time 
of reporting information for this article, 
there were about 100 MOO servers at 
industrial, university, and government 
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site, and the number of them is expect
ed to grow. The nature of the 100 sys
tem and its software can be understood 
partly in terms of the history of its 
name: "MOO" stand for "MUD, Object 
Oriented", while "MUD" originally 
tood for "Multi-U er Dungeon," (an 

Internet adventure game with a large 
number of simultaneous player), which 
then evolved into self-explanatorily
named software called "Multi-User Data 
base." MOO has evolved in conjunction 
with a collaborative project called 
"AstroVR,n wherein MOO and MOO 
Web Core have been used to make 
images of celestial objects available on 
the Internet. MOO Web Core creates a 
set of MOO objects designed to provide 
an http interface to a MOO erver run
ning a LambdaCore-derived data base. 
By use of MOO Web Core, any standard 
World Wide Web client can connect to a 
MOO server and request data. MOO 
Web Core implements the http "GET" 
and "POST" commands, supporting 
honl document delivery, search services, 
and fiJI-in form queries. MOO Web 
Core is designed to fit into any 
LambdaCore-based MOO data base. 

This work was done by David Van Buren 
of Caltech for NASA's J et Propulsion 
Laboratory. For further information, write 
in 9 on the TSP Request Card. 
NPO-19642 

@ Software for Evaluation 
of Data-Compression 
Algorithms 

The Advanced End-to-end Simulation 
for On-board Proce ing (AESOP) pro
gram facilitates computational simula
tions of the performances of data-com
pre ion and -decompression algorithm 
in the presence of noi e. AESOP sati fies 
a need for a single program that can be 
used to evaluate, compare, and build on 
data-compre ion algorithms developed 
by different cienti ts and engineers. 
AE OP provide a graphical interface to 
an extensible set of data-compre ion 
algorithms, interfacing with both com
plied code and stand-alone programs. 
lost interactions between AESOP and 

the user take place via a mouse. Once 
compre ed, data can be fed through 
simulated transmission and decompres
sion [0 evaluate the effects of compres
sion parameters, noise, and error-correc
tion subalgorithms. The user can predict 

www.nasarech.com 

the ultimate data quality attainable via 
different compression methods and 
compression ratios, and evaluate data 
com pre ion in the larger context of 
packeting and noisy rransml Slon. 
Written in C and Ct+, AESOP currently 
runs on Sun SPARCstation computers 
using unOS 4.1.3 and Motif. Operating
system dependence are minimal. 

This work was done by Alan Mazer, 
Robet·to Metldoza, and Andy Boden of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further infannation, write 
in 45 on the TSP Request Card. 

1n 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 Githert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to NPO-J9673, volume and number 

of this NASA Tech Briefs issue, and the 
page number. 

@ Algorithms for Selection of 
Scheduling Heuristics 

A computer program incorporates 
the STOP1, STOP2, ELl, and EL2 algo
rithms, which implement different ver
sions of a statistical approach to choos
ing one out of a number of alternative 
heuristic strategie for scheduling. The 
basic rules for making thi choice are 
that (a) the cho en scheduling trategy 
should be the one that allocates 
resources most efficien tly, (b) the 
choice must be made on the basis of 
incomplete information, and (c) exces
sive information-gathering cost mu l 

not be incurred in making this choice. 
Each algorithm te ts the performance 
of each trategy on a randomly selected 
sample of scheduling problems, then 
uses parameter-estimation techniques 
to infer tati tical models of perfor
mance on the general population of 
scheduling problems. The e models are 
then u ed to e timate (a) the utility and 
cost of acquiring additional informa
tion and (b) the de irability of selecting 
a particular strategy. Each algorithm 
implements a different method of bal
ancing the expected utility of addition
al information against the cost of 
acquiring that information. The pro-
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gram can be executed on Sun 
SPARCstations running common LISP. 
In computational experiments on rep
re entative sets of scheduling data, all 
four algorithm were found to outper
form both the benchmark COl\1PO ER 
algorithm and the traditional manual 
selection procedure. 

This work was done by Steven A. Chien 
and Jonathan Gratch of Caltech for NASA's 
Jet Prop ulsion Laboratory. For further 
information, write in 33 on the TSP Request 
Cani. 
NPO-19766 

tJ Software for Managing 
SARSystems 

The Data Acquisition and Production 
Planning System (DAPPS) computer 
program assists in the management of 
synthetic-aperture-radar (SAR) equip
ment and data. DAPPS incorporates 
three subsystems; the Flight Agency 
Interface Subsystem (FAIF) , the Ac
quisition Planning Subsystem (APS) , 
and the Production Planning Sub
system (PPS). The FAIF manages inter
faces with the Canadian, European, and 
Japanese space agencies. Satellite plan
ning and scheduling files received from 
the various flight agencies are used to 

plan the acquisition of raw signal data 
tran mitted from the alellite to the 
McMurdo (in Antarctica) and Ala ka 
SAR Facility (ASF) ground tations. 
Users can ubmit data-acqui ition 
requests. The AP u es the ateIlite 
planning and scheduling file to incor
porate data-acquisition reque ts into 
atellite schedules. When final flight

agency schedule are received, the AP 
generate an antenna chedule file for 
the appropriate antenna at ASF or Mc
Murdo. The PPS manage the produc
tion of SAR imagery and other data 
products; in 0 doing, it also provide 
an interface for operator to queue var
ious product reque ts, modify their pri
olitie , and provide a central control 
mechanism for the generation of SAR 
data products at ASF. DAPPS run on 
two SUN SPARCstation 20/71 comput
ers with 96 MB of memory and 9 GB of 
disk space. Each computer includes two 
Ethernet connection card. 

This work was done by Namd Dehghani, 
• Quentin Sun, Sally Chou, Richard Norman, 

Philip Yurchuk, Rodney Hoffman, Miguel 
Siu, Teresa McKillop and Larry Stevens of 
Caltech for NASA's J et Propulsion 
Laboratory. For further information, write 
in 10 on the TSP Request Card. 
NPO-J9995 

CO MIC, ASA' Software 
Technology Tran fer Center, 
ha an inventory of oyer 800 
oftware package that originaJ

I were deyeloped by , A and 
its contractor for the .S. 
pace program. The e packages 

have a wide range of applica
tion other than pace explo
ration and are used by industry, 
academic in titUlion, and 
other gm-en1ment agencies. 

For further information 
about oftware available from 
CO MIC, or to receiYe a free 
di kette catalog, contact COS
MIC at: 

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

Phone: 706-542-3265 
Fax: 706-542-4807 
e-mail: 
service@cosmic.uga.edu 
WWW: 
http: //www.cosmic. uga.edu 

DISCOVER THE REALITY OF 

S I M U LA T ION D R I V END E S I G N™ 

DADS 
Calculate loads, pOSitions, velocities. 
Integrated with CATIA. I-OEAS 
Master Series, and ProIENGINEER. 
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DADSIPIant 
Mechanical System Simulation 
integrated with control systems in 
MATLAS, MATRIXx, and EASYS. 

PolyFEM 
Structural Component Analysis inte
grated in CATlA. I-oEAS Master Series, 
and ProIENGINEER. 

Tel: 319-626-6700 • Fax: 3 I 9-626-3488 • www.cadsi.com 

For M ore Informat ion Writ e In No. 4 11 ABA Tech Briefs,June 1997 



We admit the tri-corder is a pretty handy gadget. 

Unfortunately, you 'U have to wait about 200 

years to get one. Until then, consider the 

lIP I.pglcDart. It's an advanced logic 

visit our Web site or call UP DIRECT 

1-800-452-4844, Ext. 5215. At a price 

only $795~ anything else would be illogi~ 

http://www.hp.comlinfolLogicDart 1 

• u.s lisl prkt> Faxb • .,." 1-800&J().6281. !locu.rn<m I.2ti87 
CIP97 " .... Iea-Packard Co. DIP tCJii33lNASA 

For More Information Write In No. 530 

FliOW HEWLETT 
~~ PACKARD 



o Fluid Reservoir Maintains Constant Back-Pressure 
During Addition and Removal of Liquid 
A piston moves to accommodate addition or removal of liquid from 
a completely filled reservoir. 
Marshall Space Flight Center; Alabama 

The figure show a chamber com
pletely filled with liquid. The chamber 
is equipped with a mechanism, a free
floating piston at one end, that can be 
attached to a spring-rlriven lever-arm 
of variable mechanical advantage, to 
help prevent the introduction of bub
bles of gas during liquid addition or 
removal. Originally developed for use 
in the microgravity environment of 

pace, where lack of hydrostatic pres
sure and buoyancy can cause problem 
with unwanted bubbles during liquid
filling, this apparatus can also be used 
on Earth in any situation in which a 
constant back-pressure would be desir
able. A syringe needle is inserted into 
the reservoir through a septum port on 
the end opposite to the piston for liq
uid transfer, and a pres ure transducer 

The Cylindryical Mechanism attached to the rectangular chamber serves as a pressure-regulating 
reservoir to help suppress bubbles. 
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is mounted within the reservoir to 
allow pre sure monitoring during liq
uid transfer. 

The overall function of the appara
tus is to maintain a nearly constant 
back-pressure (including zero pres
sure) on the liquid in the reservoir 
while providing a torage volume that 
can expand or contract just enough to 
match the volume of additional liquid 
being injected or withdrawn from the 
reservoir, thereby minimizing bubble 
formation. This apparatus has been 
test-flown aboard the NASA KG-I 35 
low-gravity aircraft to test liquid han
dling during low gravity, for applica
tions such as solution crystal growth 
and cavitation tests. 

The apparatus includes a piston
cylinder assembly attached to one end 
of the reservoir. The piston is held 
centered in the cylinder and guided by 
a linear ball bushing to minimize pres
sure error due to friction . Instead of 
piston rings, sealing between the cylin
der wall and piston i accomplished by 
a very thin flexible latex rubber blad
der which unrolls from the cylinder 
wall as the piston moves outward, to 
provide additional liquid volume. 
Pressure is applied to the back of the 
piston through a linkage mechanism 
by a constant-force spring motor -
that is, a spring which does not change 
force as it winds or unwinds. This 
spring motor maintains a constant 
force on the piston as the piston 
moves in or out to accommodate 
changes in the volume of the liquid, 
and this force may be set to any 
desired level by changing the mechan
ical advan tage lever in the linkage 
mechanism. 

This work was done IYy Dak M. Kornfeld 
of Marshall Space Flight Center and 
Raymond H. Moore, Mark Wells, and Byron 
Burden of Tekdyne Brown Engineering. For 
further in/QT'TIUltion, write in 80 on the TSP 
&quest Card. 
MFS-31081 
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By adding additional I/O modules to 
the SAM Communications Module, 

the manifold now expands to serve 

as a complete I/O block 

SAVE MONEY! 

• The sensor mpu s from pneumatic 
cylinders, slides and 0 her air 
components can be plugged 
directly into the valve manifold --

Parker Hannifin Corporation 

Pneuma c DlVisior 
8676 E. M-89 • Richland MI 49083 
(616) 629-5000 · FAX (616) 629-5385 

AlIen-8tadey and PLC are regoste<ed _ of AIeo-&aaIey Company. Inc. Honeywell IS a regIStered _ of ~. Inc 

For More Information Write In No. 675 

Top-quality 

products for a reliable 

FIUldpower System I Parker also 

has a full-line of Valves, FRL sand 

Accessories. For more Information 

on these companion products, or on 

SAM 2.1, contact your local Parker 

distributor or 1-800-C-PARKER. Ask 
for SAM Catalog 0631 /USA. 

. Parker 
Motion & Control 



o Low-Differential-Pressure Test Apparatus 
Differential-pressure transducers can be tested and calibrated more easily 
and cheaply. 
John F. Kennedy Space Center, Florida 

An apparatu for testing and cali
brating low-differential-pressure trans
ducers can be used under various con
ditions in the laboratory or in the 
field . The apparatus is designed e pe
cially for use on clean-room-air-condi
tioner differential-pres ure transduc
ers with typical full-scale range of 
about 0.1 in. of water (about 25 Pa) . 

You can now share 
designs freely. SolidView' 5 exclu-
sive 3D publishing capabilities 
allow you to send your CAD 
designs, along with a no-cost 3D player, to 
anyone with a Wmdows® PC. Thafs 
all they need. Solid communication 
between design, manufacturing, and 
suppliers has never been 
easier or faster. 

• Exclusive 3D publishing 
• High performance graphics 
• VRML input and output 
• Optional ICES input 
• 3D dimensioning and markup 
• 30-day money-back guarantee 

Previously, it was nece ary to te t and 
calibrate such traIl ducers in the labo
ratory by use of expensive and cumber
some dead-weight testers, with strict 
control of room temperatures and long 
waiting times for equalization of tem
perature. The present apparatus costs 
about one-third a much as a dead-

• Windows 3.1, 95, and NT compatibility 

To order your copy of SolidView or for 
a FREE IS-day trial, call us toll-free at 
1-888-S0LID-VU. For more details, 
call (805) 257-9300 or visit us at 
http://www.solidconcepts.com. Share the vision. 

Solid Concepts Inc . - 28231 Avenue Crocker #10 • Valencia, CA · 91355 
SolidView is a registered trademark of Solid Concept lot. WIndows, Windows NT, and Windows 95 are registered trademarks of Microsoft Corporation. 
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depend on strict control of room tem
perature, and can be operated easily by 
a technician with minimal training. 

The apparatus (see figure) compris
es a differential-pressure generator, a 
standard differential-pressure gauge 
with electronic output that can be di -
played and recorded by a computer, 
and a sociated plumbing, The differ
ential-pressure generator includes a 
stainless- teel tank partitioned into 
two approximately equal volumes. A 
tube connects each volume to one of 
two ports of a precise volume con
troller ba ed on a threaded piston with 
an operating handle. Other tubes con
nect the two volumes to the ports of 
the transfer-standard differential-pres
sure gauge and to the ports of the dif
ferential-pressure gauge to be tested 
or calibrated. The two gauges are con
nected in parallel; that is, they are 
exposed to the same differential pres
sure between the two volumes. 

When the operator turns the handle 
of the volume controller, the volume 
on one side of the controller decreas
es, causing an increase in the gas pres
sure on that side. On the other side of 
the controller the volume increases, 
causing a decrease in the gas pres ure 
on the associated side. The technician 
turns the handle on the volume con
troller until the transfer-standard 
gauge indicates the desired differen
tial pressure; when this point is 
reached, the technician causes the 
computer to record the readings of 
the transfer- tandard gauge and the 
gauge under test. 

While the decreasing volume (com
pression) caused an increase in pres
sure, there was an increase in the tem
perature. A corresponding decrea e 
in temperature accompanied the 
decrease in pressure on the other side. 
In order to determine the value of the 
pres ure he/ she has just set, the tech
nician normally has to wait until the 
temperature differences dissipate . The 
metal divider in the tank allows this 
temperature differential to mix at 
approximately the speed of sound, 
therefore dissipating the temperature 
difference during the volume con
troller adjustment. However, the heat
trqnsfer proces es in this apparatu are 
slow enough that the technician can 
easily maintain a desired pressure set
ting by manual adjustment. Moreover, 
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Transducer Under Test 
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Readout on Power Circuits 
Transducer Under Test 

Readout and Power CircUits 
for Transfer-Standard Transducer 

the apparatus i in ulated to prevent 
room air currents and other ambient 
phenomena from differentially heat
ing or cooling the gase in the two 
volume. 

The tandard differential-pre ure 
gauge i a commercial unit that has 
been calibrated by u e of primary tan
dard that have, in turn, been calibrat
ed by the ational]n titlite of 
Standards and Technology ( I T). 
The full- cale reading of thj unit is 
0.53579 in. of water (about 133 Pa). 
Tests ha\'e shown that with manual 
adju tment, differential pressure can 
be regulated to within 5 X 10-5 in. 
(0.012 Pa), exceeding a de ign require
ment for an accuracy and resolution of 
2.5 x 10-4 in. (0.062 Pa). 

This work was done by Oregury A. Hall 
of Kennedy Space Center and Stephen J 
Stout, Richard T Deyoe, James E. Meeks, 
and Harold E. Crain of I-NET For further 
infurmation, write in 75 on the TSP 
Request Card. 

Pressures of Gas in the Two Chambers can be made to differ slightly by use of t he volume controller. 
which contains a manually adjustable piston that increases the volume of the gas on one side while 
decreasing the volume of gas on t he other side by an equal amount. 

This invention is owned by NASA, and a 
patent application has been filed. Inqu.iries 
concerning nonexclusive or exclusive license 
Jor its commercial development should be 
addressed to the Patent Counsel, Kennedy 
Space Center; (407) 867-2544. Refer to 
KSC-1J804. 
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Ergonomically position your 
computers wherever you need 
them- with Ergotron's 
Computer Mounting Solutions 

E~GO II=iOn® 
1.800.888.8458 http://www.rgotron.com 
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Essential for planning, tracking, 
reporting, presenting, and 
organizing your work! 

In the engineering world, nothing happens 
without a schedule and everything comes 
under grueling scrutiny. That's why you 
need Milestones, Etc .• 5.0 from KIDASA. 
Milestones, Elc. project scheduling software 
makes scheduling work and communicating the 
progress fast and easy. You can create master schedules 
ontaining instant hyperlinks to detailed schedules, 

documentarion, financial infonnarion. even web pages. 
And with built-in project wizards. spell-checking, 
sman impon capabilities, datagraphs, and more, 
Milestones, Etc. bas the soplllsticated features you 
need to be more effective in your job now. 

o other project scheduling software offers 
you more. See for yourself. Call today, and 
order Milestones, Etc. for just $169.00. Or 

. ' t our web site at ww,v.kidasa.com, and 
download a free trial version - NOW! 

6 ·0167 
dasa.com 

twat\.', Inc 1114 I..ost Crttk 8Jvd . SWk 100. Austill, TX 78716 
ltSpt'C.UW' owner$ Mkl'OSOfl, VI. mdow~ and toe Windows loJ.;o src 

For More Information Write In No. 415 

Extreme Environments 
High Performance Cable Harnesses 

• Single and Multimode 680 Series 

• Single and Multichannel 

• Easy Maintenance and Cleaning 

• High-Reliability Ruggedized Connectors [f\{] 
• Low Insertion Loss 

• High Return Loss No Mandrel Wraps! 
Contact us for more details 

For More Information Write In No. 416 

o Deployable 
Rigid Wheel 
No dedicated deployment 
actuator is needed. 

NASA s Jet Propulsion Laboratory, 
Pasadena, California 

A rigid wheel for an exploratory 
robotic vehicle can be folded for 
towage at abom one-third its full vol

ume, then later deployed for use . 
Unlike a wheel with an inflatable tire, 
this deployable rigid wheel can work in 
extreme temperatures and can survive 
intense radiation. 

DEPLOYED 

STOWED 

The Deployable Rigid Wheel can be stowed at 
about one-third its full volume. When released 
from stowage, it extends itself, then locks itself 
at full extension. 

The wheel (see figure) includes six 
rigid outer egments that are hinged 
together and connected to a hub via 
pin-ended spokes. 0 dedicated actua
tor is needed for deployment; instead, 
to initiate deployment, one simply 
releases some restraints. Deployment 
force and locking are derived from 
pin-ended extension springs. When 
deployment i complete, the spokes 
rest on mechanical stops at the hub; 
this establishes the load path for trans
mission of torque. 

This work was done by Lee F. Sword, 
Geof.frry D. Harvey, and Jack A. Frazier II of 
Caltech fOT NASA's Jet Propulsion 
Laboratory. No further documentation is 
available. NPO-J9982 
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~ Procedure for Quick Calculations of Hydroelastic Loads 
Effects of sloshing can be estimated faster by use of a simplified mathematical model. 
Marshall Space Flight Center, Alabama 

A procedure for calculating hydroelas
tic loads associated with loshing of liq
uid in a tank involves the use of (1) a 
computer code developed previously for 
finite-element mathematical modeling 
of hydroelasticity and (2) a finjte-ele
ment mathematical model of the dynam
ics of the tank to obtain (3) a simplified 
(one-degree-of-freedom) approximate 
mathematical model of sloshing. In com
pal; on with other, more complex math
ematical models of sloshing, this approx
imate model can be implemented more 
rapidJy and easily and thus more cheap
ly. The capability afforded by this proce
dure can be beneficial in analyzing and 
designing tanks in which sloshing can 
adversely affect safety and controUability; 
potential applications include ballast 
and liquid-transport tanks in ships, fuel 
tanks in aircraft, and liquid-transport 
tanks on land vehicles. 

assumptions that the liquid is inviscid, 
incompressible, and irrotational. and 
that it undergoes only small displace
ments. The principal unknown quanti
ties that one seeks to compute in 
HYDRO are pressures in the liquid as 

Free Surface of Liquid 
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~ ______ ~ ______ -1 ~f 
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~-----i mo 
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functions of position and time. One 
important consequence of the simplify
ing assumptions is that one can com
pute these pressures from displace
ments of the boundary of the liquid. 

In the finite-element modeling of the 

Free Surface of Liquid 

\ 
I, 

.----, YW'Y .-----, ~ 
10 

h 

~-----i mo 

1-. --d,----+l·1 The previously developed HYDRO 
computer program implements the 
finite-element model of the liquid. Thi 
model is based partly on the simplifYing 

A Pendulum or Spring-and-Mass Model approximates the effects of sloshing of liquid in a tank. 
Masses mo and m, represent the nonsloshing and sloshing parts, respectively, of the mass of the liq
uid. The spring stiffness K, or the pendulum length L, represents the slosh stiffness. 

RUGGEDTRONICS 
Ruggedized 
Peripherals 
RUGGED 
MEMORIES 
FOR SEVERE 
ENVIRONMENTS 

• Sealed Units - For moisture, dust. corrosive 
atmosphere 

• Pressurized designs for operation over 10,000 teet 
• Removable Units 
• Rack mount design 
• High levels of vibration and shock isolation 
• Tempest designs 
• DeSigns tor Hard drives, Optical drive, 

Tape and Floppies 
• Optional interfaces and input power 

24711 Redlands Blvd. No. G 
San Bernardino, CA 92408 
(909) 796-5374 FAX (909) 796-7704 
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tank, one seeks to compute the displace
ments (elastic deflections) of the tank as 
functions of po ilIOn and time. 
Wherever the liquid wets a wall of the 
tank, the pre sure in the fluid and the 
displacement of the wall affect each 
other, and the dynamic respon e of the 
tank is affected by its ela ticity and its dis
tribution of mas . 

HYDRO model of the liquid with the 
finite-element tructural model of the 
tank. The resulting ystem of equations 
for the coupled models is olved by use 
of a third previously developed comput
er code; namely, MSC/ ASTRAN. 

The last step in the procedure i to 
generate the approximate ingle-degree
of-freedom model of sloshing (see fig
ure). Such models have traditionally 
been used in analyzing control ystems 
that interact with 10 hing liquids. To 
generate data to determine the values of 
the model parameters "10, ml> and either 
~ or L], one first models the tank as 
being subjected to a lateral enforced 

In the present procedure, HYDRO is 
used to calculate the losh frequencies 
under the initial implifying assumption 
that the tank is rigid. Another previously 
developed computer program called 
"BEAMER" is then used to obtain a 
transformation matrix that couples the 
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IF YOU mINK YOU CAN'T SEAL IT, 
YOU HAVEN'T TRIED 

PI'tEU 
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
icals, noise and other contaminants. 

Pneuma -Seal is particularly suitable for: 
Large enclosures where it is uneconomical to machine the 
entire sealing surface 
Uneven fabrications where traditional compression gaskets 
or latches are ineffective 
Horizontal or vertical sliding doors or covers that would 
tend to drag on and abrade conventional seals 
Hinged doors where flush thresholds are required 
1YPicai applications include: 
Processing equipment: chemical, food, teXtile, pharmaceu
ticals, dryers, ovens and where rapid sealing and unsealing 
are required 
Pollution control: sound attenuation, hopper seals 
Laboratory facUitles: test equipment, clean rooms 
Transportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 
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 
specified dimensional requirements. 

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 
the fonowing telephone numbers: 

(914) 855-1220 Telex: 646720 
FAX: (914) 855-1B9 West Coast: (714) 751-2993 

Presray Corporation 
159 Charles Colman Boulevard, Pawling, NY 12564 

YOU MAY AlSO CONTACT US BY CIRCUNG THE 
RESPONSE NUMBER INDICATED BELOW. 

For More Information Write In No_ 417 

acceleration. One then finds the value 
of these parameters that make the 0 cil
lation of the model produce net lateral 
forces and moments equal to those of 
the fir t lateral slosh mode. A HYDRO
po t-proces ing code called "SLOSH" 
has been written for this purpose. 
SLO H reads in the re ults from 
HYDRO, performs a frequency-respon e 
anal i, and olves for parameters of the 
approximate model. 

This work was done by Joseph Brunty and 
Frank Bugg of Marshall Space Flight 
Center and Eric R Christensen of Sverdrup 
Technology, Inc. For further information, 
write in 87 on the TSP Request Card. 

Inquiries concerning rights fOT the commer
cial use of this invention should be add1"e5Sed 
to the Patent Counse~ MarshaU Space Flight 
Center; (205)544-0021. RefertoMFS-31134. 

0 Turbine-Blade 
Radial Damper 
With Offset Center 
of Gravity 
Marshall Space Flight Center; 
Alabama 

A device suppresse radial vibrations of 
a turbine blade, thereby helping to 
reduce fatigue and prolong the life of the 
blade. The device is a damper that is 
pressed outward against the turbine
blade platform by centrifugal force. The 
damper is shaped and positioned with its 
center of gravity offset from the radial 
line through the point of contact with the 
blade platform, so that centrifugal force 
applies a torque about this point. The 
torque is reacted by contact between a 
radial leg of the damper and the sides of 
a radial slot into which the leg extends. 
The circumferential force of contact 
gives rise to a radial frictional force when
ever the blade platform and thus the 
damper move radially. Thus, kinetic ener
gy of radial vibrations is damped by fric
tion, with consequent reduction of the 
amplitude of the vibrations. The heat 
generated by dIe frictional dissipation of 
energy is removed by the turbine flow. 

This work was done by Charles A. Bulgrin 
and John O. Struthers of United Technologies 
Pratt & Whitney for Marshall Space Flight 
Center. For further information, write in 
83 on the TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be 
addressed to the Patent Counsel, MarshaU 
Space Flight Center; (205) 544-0021. Refer 
toMFS-31177. 
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0. Apparatus for Access to a ConFmed Space From Above 
Telescoping tubes, a ladder, and platforms would fit through a narrow opening. 
John F Kennedy Space Center, Florida 

A propo ed apparatus called an "access kit" 
would enable technicians and equipment to 
enter and leave a confined space through a rel
atively narrow opening in the ceiling. The ap
paratus is undergoing development; its original 
intended application is in the in tallation and 
removal of refrigerator and freezer components 
in a spacecraft module through a 50-in. (126-
em) square hatch on top of the module. Similar 
apparatu es could be designed to provide access 
to other confined spaces through narrow top 
openings for purposes of manufacturing, main
tenance, and rescue. Large confined spaces 
such as chemical tanks, vats, and iIos could be 
easily accessed from above, The access kit is 
unique in that it does not touch the room inte
rior and is entirely supported from above. 

TIle apparatus (see figure) would include three 
rectanguIar-cros -section tele coping tubes. a 
ladder, platforms, and hoists. For compactness, 
the telescoping motions of the tubes would be 
actuated by a single wire-rope-drive hoisting 
mechanism. This mechanism would be strong 
enough to raise and lower not only the platforms, 
tubes, and ladder, but also the technicians, 

Initially, the apparatus would be maneuvered 
into po irion above, and aligned with, the hatch. 
The telescoping tubes would then be extended 
by a single actuator down through the hatch into 
the room below. TIle telescoping tubes would 
provide support for the platfonns as they were 
lowered through the halch and set up for use. 

The platforms would include a fixed access 
platform and several flip platform , all com
bined into an assembly at the bottom of the 
tele coping lube as embly. Once the platform 
assembly was lowered to the de ired position. a 
technician would climb down the ladder to the 
platfonn assembly. then deploy the flip plat
forms to cover the entire open area and there
by provide a safe work platform. Other techni
cians, if needed. would then climb down the 
ladder to the work platform. 

Two mall jib hoists would be available for 
lowering and raising components and other 
equipment and, ifneces ary. for raising injured 
technician . 

This work was done by ScJJtt T CoIJJJrMo and Alan 
C. Lil1lefll!ld of Kennedy Space Center and Scolt 
Strickland oj McDonndl. Dougjn.s Corp. For further 
inf(JT71U1lion, write in 65 on the TSP Request Card. 

lrUJUilies concerning rights for /Ill! aJ1Ilmen:ialuse of 
this invention shJJuld be addressed (() I!ll! Patent 
Cmmsei, Kennedy space Center; (407) 867-2544. 
Refer (() KSC-11848. 
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The A«ess Kit Would Be Fairly Compact when the flip platforms were folded inward and the 
telescoping tubes retracted for assembly. In use, the telescoping tubes would be extended 
downward and the flip platforms deployed to form a work platform. 
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Optical grade mylar WIDI"'~ 
through heating • 82% transmission 

• Rectangular, round, and irregular shapes to 11 "x 22" 
• Optional temperature sensors & controllers 

Extend the operating range of LC~'s & fluorescent tubes 
• Portable computers & scanners· Incubator covers 

• Microscope stages • Aircraft displays • Medical 
devices • Outdoor security equipment • Faceplates 

MIN CO PRODUCTS, INC. 
7300 Commerce Lane. Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121. FAX: (612) 571-0927 

For More Information Write In No. 418 

UniSlide® Motor Driven 
Positioning Equipment 
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Select 
from 10 different 

cross-sectional size bases. 
(Three are shown here) 

C
hoose from hundreds of Linear Slides, 

Rotary Tables, and X-Y Tables. Use them 

to posicion, scan or feed. Move loads 

from oz. to 400 lbs. Also, powerful, program

mable motor conrrollers. Get your FREE 48 page 

Catalog M-97 and price list today! 

VEI.MEX, INC. 

Visit us at www.ve/mex.com 

Call 800 642-6446 
FAX: 716 657-6153 
In NYS: 7/ 6 657-6151 
Bloomfield, N. Y. 14469 

For More Information Write In No. 419 

OReducing Gear-Mesh 
Vibrations With 
Piezoelectric Actuators 
Opposing vibrations are introduced in a 
feedforward control scheme. 

Lewis Research Center, Cleveland, Ohio 

Experiments have demon trated the feasibility of a feedfor
ward cheme for reducing gearbox vibration by introducing 
oppo ing forces at the gear-mesh frequency, using piezoelec
tric actuators coupled to the outer races of some of the gear
shaft bearings. The need to consider the introduction of 
opposing vibration arise because even in the presence of the 
most careful design and preci e fabrication , the variation in 
gear-tooth tiffness with motion of the meshing point along 
the gear-tooth profile make it impossible to eliminate gear
mesh vibrations completely. The vibration are transmitted 
through the gear shafts and bearings to the gearbox housing. 

T he basic concept of reducing vibrations in the gear box 
housing by use of opposing, piezoelectrically actuated vibra
tions has been investigated previously, but with a view toward 
suppressing ynchronous, subsynchronous, and transienL 
vibrations of rotors. In engineering discipline concerned with 
vibra tions of rotating machin e elements, "synchronous" 
means at the frequency of rotation. Typically, frequ encie of 
rotation are of the order of tens to hund reds of hertz. One of 
the novel aspects of the present development i the choice of 
the gear-mesh frequency (typically of the order of several kilo
hertz) rather than the lower frequencies add res ed previously. 
Another novel aspect is the particular design for coupling 
between the actuators and the bearing races. 

Figure 1 illustrates the arrangement of gears, bearings, and 
piezoelectric actuators in a test rig used in the experiments. 
The actuators at an angle that is collinear with the gear-tooth 
contact force; in the particular gear design, this angle is 20° off 
the centerlines of the shafts. Cone washers and a threaded 
plug preload a push rod between each actuator and its respec
tive bearing race. A small accelerometer is mounted on each 

Ple2:oele'ctric Actuator 

Bearing 

Low·Speed 
(96-Tooth Gear) 

Figure 1. Piezoelectric Actuators Generate Forces to counteract gear-mesh 
vi brations. The off-center mounting scheme makes t he actuato r force 
collinear with the gear-mesh force. 
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acmator. ot shown in Figure 1 are a 
mechanism for applying a static preload 
torque to the low-speed shaft, four 
accelerometers mounted on the gear
box housing to measure vibrations. 

Figure 2 shows the m~or functional 
blocks of the feedforward con trol 
scheme to illustrate the principle of 
operation. An eddy-currem displace-

mem sensor is mounted to detect the 
passage of the teeth of one of the gears. 
As the gear rotates, this probe produces 
a pulse wave at the gear-mesh frequency. 
A feedforward circuit converts the pulse 
wave to a inusoid of equal frequency. 
The phase of the sinusoid for each acm
ator can be adjusted manually, by use of 
a phase shifter and an inverter, over the 

Four-Channel 
Oscilloscope 

Eddy-Current 
Displacement Probe 

Piezoelectric 
Actuator 

Analog 
Phase 
Shifter 

Bipolar 
Amplifier 

Figure 2. Feedforward Excitation for the Piezoelectric Actuators is generated from the displacement
probe output, which is a pulse wave synchronous with the meshing of the gear teeth. 
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full range of 360°. The feedforward cir
cuit has a eparate manual control to 
adjust the amplimde of the sinu oid. 

An oscilloscope is used to monitor the 
gear-tooth pulse wave and the amplified 
feedforward sinusoid for each actuator. 
The voltage and currem of the feedfor
ward sinusoid is monitored by analog 
meters. A four-channel dynamic signal 
analyzer monitor the frequency 
responses of four accelerometers. In 
operation, the phase and amplimde of 
the feedforward sinusoid(s) are adjusted 
manually to minimize the amplitude of 
the gear-me h-frequency component of 
the vibration amplimdes indicated by 
the signal analyzer. 

This work was dune by Albert F. Kascak 
and Gerald T. Montague of the Vehicle 
Propulsion Directorate of th~ U. S. Army 
&search Laboratory and Alan Palaz.z.olo, 
Daniel Manchala, and Erwin Thomas of 
Texas A&M University for Lewis Research 
Center. For Jurtherinfonnation, write in 13 
on the TSP Request Card. 

Inquiries concerning rights for the commer
cial use of this invention should be addressed 
to NASA Lewis &search Center, Commercial 
Technology Office, Attn: Tech Brief Patent 
Status, Mail Stop 7-3, 21000 Brookpark 
Road, Ckueland, Ohio 44135. Refer to LEW-
16070. 
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a Desktop Manufacturing of Silicon Nitride Components 
Three-dimensional components are built up layer-by-layer. 

Marshall Space Flight Center, Alabama 

A proprietary "de ktop" laminated
object-manufacturing process has been 
used to rapidly fabricate silicon nitride 
components. The finished components 
are based on a computer-generated 
model and built without any mold or 
dies, so the design can be easily 
changed, providing engineers and 
designers with a very flexible and rapid 
proto typing process. The process has 
been used previously for rapid fabrica-

tion of prototype compone nts from 
other ceramic material be ides iIicon 
nitride. It has also been successfully used 
to create metal prototypes. 

The first step in the proce involves 
taking the ceramic powder and forming 
it into thin, flexible tape. The tape is 
u ed in special-purpose, computer-con
trolled equipment that laminates one 
layer of tape to a stack of previously lam
inated and cut layer . The new layer is 

then cut to form one cross-section of the 
part being built. In this manner, the 
de ired three-dimensional components 
are built up layer-by-Iayer. Mler the part 
is finished , it is heat treated to complete 
the proce s. 

This work was done by Curtis W Griffin of 
Lone Peak Engineering for Marshall Space 
Flight Center. No further documentation is 
available. 
MFS-26467 

a Back-Surface Relief To Enhance Friction Stir Welding 
Sensitivity to depth of penetration is reduced, and strength is increased. 

Marshall Space Flight Center, Alabama 

An improved version of friction stir 
welding (FSW) incorporates a weld
preparation step in which a groove of 
suitable cross section is machined into 
the back surface, straddling the weld 
line between two workpieces to be 
joined (see Figure 1). This groove, 
known in the art as back-surface relief, 
offers two advantages: (1) it makes the 
overall FSW process more controllable 
by decreasing the sensitivity of the result
ing weld quality to variations in the 
depth of penetration of the welding tool 
into the workpieces, and (2) the fracture 
strength and toughness of the weld 
exceed those of a similar weld made 
without back-surface relief. 

The tool used in FSW comprises a 
shoulder and a probe. The tool is rotat
ed, moved along the weld line, and 
pushed into the workpieces with consid
erable force. The force and motion plas
ticize and forge the parent material 
under the tool. The quality of the re ult
ing weld is highly dependent on the 
depth of penetration of the probe, mak
ing it necessary to control the depth of 
penetration precisely by use of rigid 
structures to support the tool and the 
workpieces. In principle, the depth 
could be measured and controlled 
actively, but this would entail great 
expense. 
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Shoulder Slightly 
Penetrating 

Workpiece at Rear 

Rotation 
01 Tool 

~ Translation 
01 Tool 

It 

Weld Seam 

SIDE AND FRONT VIEWS OF FRICTION STIR WELDING WITHOUT BACK·SURFACE RELIEF 

WORKPIECES WITH CHAMFER 
BACK·SURFACE RELIEF 

FRONT VIEW OF FRICTION STIR WELDING 
WITH BACK·SURFACE RELIEF 

Figure 1. Friction Stir Welding can be performed without or with back-surface relief. Although the 
back-surface relief shown here is in the form of an inverted V groove, other relief cross sections could 
also be used. 
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Massive Torque. Serious Horsepower. 
Incredibly Small Size. 

300 Ft/Lbs. 
of Continuous Torque 

Up to 90 Horsepower 

12 inch frame size . 

The number say it all: The 
new MaxPlu 12-inch elVa 
motor delivers greater torque 
in a mailer mass for higher 

throughput and greater reliability (no gearbox). Our 
new 12-inch motor replaces vector drive and selVO 
motors with gearboxe and performs eXLremely well on 
\'ery large machinery where the size and weight of 
com'entional motors ha made automation prohibitive. 

And it comes from eu tom elVa Motors, where 
we are committed to working with you to develop 

Maxl'l"" I a Ir3demark of Custom Servo \1<>101"> Inc. Q 1996 CUSlom Serm MOIOrS Inc 

cu tomized moror/amplifier packages that meet or 
exceed your performance, size and durability 
requirements. 

If you want more torque with Ie mass, give 
us a caU at 1-800-967-1785 for all the details. 

Custom Servo otors Inc. 
A Subsidiary of MTS Systems Corporation 

2121 BncIge Sl 
New Ulm. MN 56073 
Phone 507·354-1616 
f ax: 507·354-161 1 

For More Information Write In No. 527 
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Linear and Circular 

Precision Encoders 
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• Metal, glass or film 
• Linear or Disk 
• Close tolerance, 

custom designs 

• Binary Code, Motor 
Control 

• Applications: Automorive, 
office equipment, medical 
products, roborics 

Call us toll-free for information or prompt quotation: 

1/800-BMC-ETCH 

Buckbee-Mears St. Pau l 
A UNIT OF BMC INDUSTRIES, INC. 

278 E. 7th St., SI. Paul, MN 5510 1 
612/ 228-6400 • FAX 612/ 228-6572 

info@bmcind.com • http://www.bmcind .com 
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In the ab ence of back- urface relief, plasticized material i 
forged between the probe tip and the bottom of the parent 
material. In the presence of back-surface relief, forging occurs 
between the probe tip and the backing plate, 0 that forged 
material i pu hed into the relief volume. Back- urface relief 
thu redefine the nature of the F W proces . Though the pre
ci e ph sic of the improvement may be difficult to explain it 
i apparent that back- urface relief make the depth of pene
tration of the tool Ie critical, and there i apparently orne 
optimal relation hip between the geometry of the relief and 
the amount of parent metal pu hed into the relief volume. 

In an experiment td demon trate this concept, O.250-in. 
(6.35-mm)-thick workpieces of Al/ Li allo 2195 werejoined by 
FSW, both with and without back-surface relief ( ee Figure 2). 
The pecimen made with back- urface relief exhibited higher 
fracture trength and greater elongation than did the peci
mens made without back-surface re lief. Moreover, the standard 
deviation of the fracture trength of the specimens made with 
back-surface relief were an order of magnitude smaller than 
tho e of the other specimen . The e data indicate that back
surface relief results in stronger, more consistent weld. 

This work was done by Jeff Ding oJMarshall Space Flight Center, 
Peter Oelgoetz of Boeing North Amel1can, Rocketdyne Division, Peter 
Romine of Florida International University, and Glynn Adams of the 
University of Arkansas. For further information, write in 56 on the 
TSP Request Card. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to the Patent Coun el, Marshall SPace Flight 
Center; (205) 544-0021. Refer to MFS-30134. 

FRICTION STIR WELD WITHOUT BACK·SURFACE RELIEF 

FRICTION STIR WELD WITH BACK·SURFACE REUEF 

Figure 2. These Cross Sections of FSW Specimens exhibit different distri
butions of fine-grain structure. In the specimen made with back-surface 
relief, the distribution extends to the bottom and is more nearly even. 
These differences are associated with differences in mechanical properties. 

NASA Tech Briefs,June 1997 





acoustical noise you can hnlrl'l~lf.'. 

tell they're running. 

Call us with your motor 

requirements. We'll speed 

prototyping and slash design/ 

manufacturing cycle times by 

faxing you a free computer 
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MOTION CONTROL TECH BRIEFS 
2b Novel Air Spring Design Uses 12b Air-Slide Powder Pre blender and Gas Seal 

Rber-Reinforced Plastic 14b Discharge Valve for Gravimetric Feeder 
4b Mechanism for Rne Adjustment of 15b Preventing Fouling of Feeder Mechanisms 

Radio-Frequency Reflectors by Aluminum Powder 
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Automobile Drive Trains Gravimetric Feeders 

11b Self-Cleaning Spool Valve 21b Discharge Knife for a Gravimetric Feeder 

On tf1e cover: 
The DSL series of actuators from Festo Corp., Hauppauge, NY, features rotary, linear, and simultaneous rotaryJlinear actuation in one compact module. An 
extruded aluminum profile design makes it possible to mount the actuator on a wide range of Festo's pneumatic slide units via standard transition plates to 
build modular devices for pick-and-place, capping, and packaging. 
Photo courtesy Festo Corporation. 
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0 Novel Air Spring Design Uses Fiber-Reinforced Plastic 
Finite element analysis helped designers minimize stress on the p iston. 

Firestone Industrial Products Company, Cannel, Indiana 

Firestone has produced a novel design 
for an air spring whose piston can be 
made from fiber-reinforced plastic 
(FRP) to reduce weight and eliminate 
corrosion. The earliest of these pistons 
were compre ion-molded from 50-per
cent glass-reinforced polyester and were 
somewhat lighter than aluminum coun
terparts. Applications were fully support
ed across the base. 

piston to the central 
support. 

In the late 1980s, injection-molded 
designs were developed that utilized 33-
percent glass-filled nylon, with emphasis 
on applications that only partially sup
ported the piston base with the spring 
beam's trailing arm. These pistons were 
lighter in weight while still maintaining 
the necessary design criteria. 

The initial design 
process began by 
using commercial and 
proprietary finite ele
ment analysis (FEA) 
programs. The pis
ton 's shape was devel
oped (see figure) and 
a loading scheme was 
applied to determine 
high-stress locations. 
The geometry was 
altered in the model 
until stress predic
tions were at an 
acceptable level. 

Shown at right is Firestone's FRP piston, with the full air spring assem
bly at left. 

Currently Firestone engineers have 
developed designs that are supported 
only in the center of the piston and 
that use a portion of it as an air reser
voir. This design further complicates 
the structure, since the load must be 
transferred through the outside of the 

AIR INLET 

BEAD PLATE 

RUBBER & 
FABRIC 

BELLOWS 

OUTER WALL 
OF PISTON 

The design team 
produced drawings from the model to 
release the production injection mold 
for fabrication. Initial samples from the 
production tool passed load deflection 
testing and fatigue testing on a flat-plate 
center support. Fatigue testing on the 

MOUNTING STUD 

Schematic of Firestone's Reversible-Sleeve Air Spring with Fiber-Reinforced Plastic (FRP) Piston. 
During travel, the bellows (inflated to a maximum of 100 psi) rolls down and over the outer wall 
of the piston. In some air spring designs, as shown here, the center tube is the only part of the pis
ton that interfaces with the spring beam. The fiber-reinforced plastic piston has the strength to 
withstand pressures up to 150 psi in jounce, while providing weight and cost reductions. 

2b www.nasatech.com 

customer's spring beam, however, result
ed in failure due to small cracks on the 
internal rib structure of the piston. 

Analysis of the spring beam revealed a 
rough convex surface because of its 
manufacture as a forging. A footprint 
analysis was perfol1ned on the beam. 
The team mounted tl1e air spring piston 
assembly, fully torqued, onto the beam 
with pressure-sensitive Mylar installed as 
an interface. The assembly was then 
pre surized to various loading condi
tions and the resulting contact areas 
obtained. 

By analyzing the footprint of the pis
ton on the beam, a special contour was 

developed on the bottom piston surface 
to maximize contact area and minimize 
stress. Additionally, with the help of the 
FEA model, the team revised the inter
nal rib structure to further lower stresses 
caused by the irregular mounting sur
face. These low-stress predictions were 
verified by utilizing strain gauges during 
both static burst and dynamic fatigue 
testing. The pi ton was then released for 
testing on a truck. 

Test track results concluded the 
design was capable of more than 
500,000 kilometers, based on previous 
test track experience. The resultant pis
ton, when compared to the production 
aluminum design, provided a weight sav
ing of 3.4 Ib . and a 40-percent reduc
tion in cost. 

Th is work was done by Daniel J. 
Leonard, technical director of Firestone 
Industrial P roducts Co., Carmel, IN, 
an d colleagues. For more information, con
tact Leonard at 1-800-247-4337; fax 
(317) 776-5116; E-mail: http://support 
@firestoneindustrial.com 
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All the per{onnance and fimctionality • 
of the larger drives at 1/4 their size 

Optional touchpad MMI is ideal • 
for the factory ~oor 

UL, cUL listed and CE marked • 

@cCw CE 
Available in 0.5, 1.0, and 2.0 kW • ___ _ 

continLlous output ratings 

Accepts a variety of command sources • -----: 
. analog input 

. step and directional 
w/electronic gearing 

• master encoder following 
. preset positiollS/velocities/torques 

• RS·232/485 commands 

The BRU-Series Advantage Line universal drive family now indudes three new micro 
drives that extend its power range from 0.5 kW all the way to 15 kW. 

• Same features, per{onnance software and 
cables throughout the Advantage Line family 

• Advanced multi·processor design for leading 
edge velocity loop bandwidth, digital ament, 
velocity and position loops, and advanced 
low speed control algorithm 

• BRU Master, Windows"·based software 

51Z 
The Advantage Line micro·size drives deliver more power and better performance 

than other micro drives on the market. Moreover, they have virtually the same full· 
feature functionality of the larger drives in a package that's 25% of their size. And with 

•
............ the Wmdows™·based BRU Master or the optional TouchPad MMJ, setup and operation 

are a breeze. 
Small size and exceptional performance make these new micro drives ideal for servo 

markets and stepper replacements. 
To learn how standardizing on the BRU·Serles Advantage Line for all your applications can increase 

productivity, call 1-800-328-3983. Rockwell Automation. THE RIGHT COMPANY. THE RIGHT SOLUTION. 
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More and more machine tool 
owners, integrators and OEMs are! 

They've discovered the power 
and flexibility of our new PMAC-NC 
for Windows™ program. 

On a PC platform with 
Windows '95 ™ and NT. 

They're switching to PC
based, open architecture solutions. 

Transforming merely ade
quate machines into real perfonners. 

Their machines are cutting 
better circles. More accurate 
parts. Much faster. 

And that's not the half of it. 
They're really taking control by : 

- Selecting the controller, 
arnpHfer and motors which work 
best for their applications. 

- GOing into fifth axis up to 
eight axis applications. At huge 
savings. 

- Achieving superior and 
reliable servo performance. 

-Delivering block 
throughput rates to well over 
1,000 per second. 

- Increasing performance. 
- Reducing costs with our 

PMAC 2 and digital PWM amplifiers. 
Are your CNC machine tools 

out of control? 

Call us. 
Discover how easy 

it is to take control! 

See for yourself al Westec Boorh 4108 

9036 Winnetka Ave., Northridge, CA 91324 
Phone: 818-998-2095 Fax:818-998-7807 

Internet: www.deltatau.com 

For More Information Write In No. 833 

0 Mechanisms for Fine Adjustment 
of Radio-Frequency Reflectors 
Differentially pitched inner and outer threads on bushings 
would produce small differential displacements. 

fASA:S Jet Propulsion Laboratory, Pasadena, California 

A class of simple mechani ms for fine 
adju tment of the panel of radio-fre
quency reflectors is based on the use of 
two ets of screw threads at slightly dif
ferent pitches to obtain mall differen
tial axial displacements for relatively 
large rotation . In the original applica
tion for which the e fine-adjustment 
mechanisms were devised, reflector pan
els were adjusted by use of singly thread
ed adjusters of 20 threads per inch 
(pitch of 0.05 in. = 1.27 mm) . To dis
place a panel 0.001 in. (0.0254 mm) , 
one would tum one of the older singly
threaded adjusters through an angle of 
7.2°. This is too small a tum to control 
easily by hand, and a slight rotation 
error could lead to an unacceptably 
large displacement error; a mechanism 
with a much larger rotation for the same 
displacement would make it easier to 
perform fine adjustments. 

A mechanism of the present doubly 
threaded type provides the desired larg
er rotation for a given di placement. 
The figure illustrates a prototype of this 
type of mechanism installed behind a 
simple aluminum sheet, which serves as 
a model of a reflector panel. The edges 
of the aluminum sheet are bonded to a 
housing, in which the mechanism is 
mounted. 

The heart of the mechanism is a hol
low bushing with an outer thread 

pitched at 28 per inch (pitch of about 
0.0357 in '" 0.907 mm) and an inner 
thread pitched at 32 per inch (pitch of 
0.03125 in. = 0.79375 mm). The inner 
thread of the bushing engages a tud 
connected to the center of the alu
minum sheet, while the outer thread of 
the buhing engages a threaded hole in 
the housing behind the sheet. 

Turning the bushing to pull down (or 
to push up) on the stud causes the bush
ing to ride upward (or downward, 
respectively) in the threaded hole in the 
housing, so that the net upward or 
downward movement of the stud and 
reflector is the difference between these 
two displacements. The net displace
ment equals the difference between the 
two pitches multiplied by the number of 
turns of the bushing. For example, one 
full turn of the bushing produces a net 
displacement of about 0.00446 in. 
('" 0.113 mm) . For another example, to 
obtain a displacement of 0.001 in. 
(0.0254 mm) , one would turn the bush
ing about 80°; this is ten times the rota
tion and tllUs easier to control and less 
subject to error than is the original sin
gle-thread design. 

This work was done by Michael P Moore of 
Caltech for NASA's Jet Propulsion Lab
oratory. For further information, write in 32 
on the TSP Request Card. 
NPO-19457 

§C-- S;tud With 6-32 Thread 

The Deflection of the Reflector Panel in this prototype is adjusted by turning the bushing. A prac
tical reflector structure would include many (48 in the orig inal intended application) such adjust 
ment mechanisms. 
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Stop paying 
"high-precision" 
prices for intermediate 
stroke positioning 

Now you can afford accurate mid· 
stroke positioning in applications 
where the cost of traditional. 
high'precision servomotor and 
stepper motor positioning is 
prohibitive. 

New Servopneumatics offers a 
cost·effective, alternative solution 
for pOSitioning loads faster and 
farther to achieve positioning 
accuracy suitable for up to 80% 
of typical applications. With 
only four system components, 
servopneumatics provides 

a simple, low·maintenance and 
easy·to·use solution for long·life 
operation you can depend on. 

Single & Multi-Axis 
Positioning Capability 

• Control of up to 4 axes 
• Positioning accuracy to 

within %0.1 % of stroke 
• Repeatability of %0.04% 

of stroke 
• Speeds of up to 70 in/sec 
• Working strokes to 5.25 ft 

• Direct·drive actuators for 
optimum stiffness and 
response 

Ask for a FREE Catalog 

Festo Corporation 

395 Moreland Road 
Hauppauge, NY 11788 
Phone: 516·435-0800 
Fax: 516-435-8026 

Visit our Website: 
http://wwwJesto-usa.com 

Boston. New York. BaLtimore· Charlotte • Tampa .Detroit • Cleveland • Chicago • St. louis • Dallas • los Angeles • San Jose • Seattle 
© Copyright 1997. Festo Corporation 

For More Infonnation Write In No. 834 



0 Fixture Holds Flexible Waveguide Rigidly After Installation 
Spherical ferrules can be clamp ed in somewhat different orientations. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A fixture called a "lockout device" 
rigidly holds the ends of a bellowslike 
flexible ection of a waveguide after 
installation. The flexible section is need
ed during installation to accommodate 
small misalignments of the interfacing 
end flanges (see figure). After installa
tion, the waveguide i required to be 
rigid to prevent excessive displacements 
in the flexible section and, ultimately, 
fatigue failure; this requirement is satis
fied by use of the lockout device, which 
fixes the positions and orientations of 
the ends of the flexible section with 
respect to each other while also accom
modating misalignments. 

The lockout device includes a split 
tube with bolted frictional clamps at 
the ends. The clamps engage flange
like ferru les at the ends of th e flexib le 
section of the waveguide. The outer
most su rfaces of these ferrules are 
spherical, while the inner contact sur
faces of the clamps are cylindrical; 
thus, each clamp can engage a ferrule 
at any orientation with in the range 

• Encoders 
• Step Motors 
• Total Motion Systems 
• Power Supplies 
• Accessories 

provided by the pherical urface. 
This W01* was done by David J Levitt and 
Wesley P. Schmitigal of Caltech far NASA's Jet 

Propulsion Laboratory. Far further infar-
11Icli01Z, write in 50 on the TSP Request CaTti
NPO-19617 

Ferrule WrtIl e ~~~~~~~ Spherical Surlac~ 

MAGNIFIED AXIAL VIEW OF CLAMP 

The Ferrules Are Clamped to ri gidize the f lex ible middle section of the wavegu ide. Contact boss
es on the inner cylindrical surfaces of the clamps accommodate manufacturing tolerances. 

• Intelligent Indexer/Drives 
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• Full, Half, Microstep Drives 

iiiiii __ __ - TM - -• • 

I TI~~ 
INTELLIGENT MOTION SYSTEMS, INC. 
370 N . Main St., P .O. Box 457, Marlborough , CT 06447 
Tel : 860/295-6102 FAX: 860/295-6107 

For M ore Information Wr ite In No . 835 June 1997 
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We Haven't Rendered Other Inverter Duty 
Motors Completely Obsolete. 

They'll Still Make Lovely Paperweights. 

Great doorstops, too. That's because 

only Lincoln offers the Ultimate 

Spike DefenselM (U.S.D.) Insulation 

System. Our Inverter Duty CTAC· and 

VTAClM motors incorporate advanced tech

nology magnet wire, insulation materials, 

and a solvent-based varnish to deliver 

unusually high temperature tolerance. But 

then we go one critical step beyond, 

combining these performance-focused designs 

with our unique in-slot manufacturing 

process. The result: an industry-high 

three-year warranty against turn-to

turn, phase-to-phase or phase-to

ground failure, regardless of drive 

brand, distance between motor and drive, 

or carrier frequency. And of course, Lincoln 

motors are made right, right in the U.S.A. 

So use Lincoln Inverter Duty motors to 

anchor your operation. And everyone else's 

to hold down your paperwork. For more 

infonnation, see the numbers listed below. 

MOTOR DIVISION 
Z 

Gall us at 1-800416-2266, fax us at 1-88s.536-6867, or visit Lincoln on the World Wide Web at these addresses: 
http://www.thornasregister.com/lincolnelectric, http://www.lincoin.electric.industry.net, or http://www.lincolnelectric.com 

For More Information Write In No. 836 



0 Dropped Devices Would Penetrate Ground 
to Regulated Depths 
Instruments would be set up at prescribed heights in inaccessible locations. 

NA :A. s Jet Propulsion Laboratory, Pasadena, California 

Device that would penetrate the 
ground to regulated depths after being 
dropped from heights are undergoing 
development. The e device - known 
as controlled-depth-of-penetration pen
etrators (CDPP ) - would be u ed to 
carry camera and/ or other in tru
ments, which, after impact, would be 
deployed at predetermined heights 
above the ground. CDPP could be 
dropped from aircraft or balloon , for 
example, to install in truments in loca
tion not readily acce sible by travel 
along the ground. CDPP would mini
mize impact force so that high-re olu
tion optical components, scanning 
mechanisms, and other delicate in tru
ment components would not be dam
aged. CDPPs would function in soil of 

Soil 
Brake 

Afterbody 
(Payload 

Container) 

} Fore_ 

CDPP 

various type and over a wide range of 
impact velocitie . 

Each CDPP would compri e two ec
tion : a heavy ogive fore body and a rel
atively light afterbody, which would be 
a payload container with exterior fin 
haped to act a a oil brake ( ee fig

ure). The forebody would have the 
shape and mass needed to penetrate 
the oil to an acceptable depth. The 
oil brake would be designed to decel

erate the payload at a rate mall 
enough to prevent damage to the 
in trumentation, yet large enough to 
limit penetration to no more than a 
prescribed depth. The forebody and 
afterbody would be connected by a 
hear pin. 

Upon impact, the forebody would 

~ 
Section C-C 

+ Section B-B 

-. 
Section A-A 

penetrate the oil, carrying the payload 
with it until the drag of the oil brake 
exceeded the de ign trength of the 
hear pin. The hear pin would then 

break, releasing the forebody from the 
payload. The forebody would continue 
into the ground until its kinetic energy 
was pen t, while the oil brake would 
cau e the afterbody to come to re t at 
no more than the pre cribed depth, 
with its upper end at approximately the 
pre cribed height above the urface. 
The in trument(s) would then be 
deployed. 

This work was done f7y David W. Juergens 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write 
in 18 on the TSP Request Card. 
NPO-19846 

Penetrator Released 
From Parachute 

Penetrator 
Strikes Ground 

Afterbody Comes to Rest at Umited Depth, Forebody 
Separates and Comes to Rest at Greater Depth, 
and Instrument Is Deployed on Top of Afterbody 

TYPICAL OPERATIONAL SEQUENCE 

The Forebody and Afterbody would separate after impact, after the relatively heavy forebody had dragged the relatively lightweight afterbody to a 
prescribed limited depth. 
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0 Active Suppression of Vibrations in Automobile Drive Trains 
Vibrations were reduced substantially in experiments. 

a :A's Jet Propulsion Laboratory, Pasadena, California 

Feedback control systems for suppres
sion of vibrations in automobile drive 
trains are undergoing development. 
Like typical active vibration-suppre ing 
system designed for other purposes, a 
system of this type would be based on 
the general concept of measuring vibra
tions with an accelerometer, processing 
the accelerometer output via a suitable 
compensator to generate a command 

signal representative of oppo ing vibra
tions, and applying an amplified version 
of the command ignal to an electro
mechanical actuator to generate the 
opposing vibrations. With proper design 
of the compensator, actuator, and associ
ated circuitry, the net vibration level 
could be reduced substantially. 

A broadband control system would 
not perform adequately because it 

Harmonic Drive Zero-Backlash Gearing 

lOb 

Teeth mesh across two I qE: 0 '¢::J I large arcs in a unique 
way that produces 
exceptional torque 
capacity with 
minimal wear. 

Harmonic Drive speed reducas 
are proven high-ratio torque 
multipliers. Lightweight. durable, 
and efficient, ~ assure precise 
motion control In robot joints, 
print registration, space sa1eflilEs, 
semiconductor manufacturing, 
and factory automaIion. Fer more 
information, contact: 

>SO .... --~ 
~A 

H ~· annonlc 
Drive®J 
~LOG'ES 

For More Information Write In No. 838 

HARMONIC DRIVE 
TECHNOLOGIES 
247 Lynnfield Street 
Peabody, MA 01960 
TEL: (508) 532-1800 
FAX: (508) 532-9406 

would not focus its energy at the distur
bance frequencies, where it would be 
most needed. Most of the energy of 
vibrations in an automobile drive train is 
concentrated at the first few hannonic 
and subhannonic frequencies of the 
rotational speed of the engine. Accord
ingly, the approach followed in the pre
sent development is to design a com
pensator such that the overall effect of 
the system is that of a self-tuning bank of 
notch filters, with notch center frequen
cies that are adjusted to track the varying 
engine speed. 

In a vibration-suppression system of 
this type, the basic engine-rotation sig
nal would be provided by a magnetic 
pickup device, mounted near the fly
wheel, that senses the passage of the fly
wheel teeth. The accelerometer would 
be affixed to a drive-train-mounting 
cross member. The electromechanical 
actuator would also be mounted on the 
cross member near the actuator. The 
output of the magnetic pickup device 
would be digitized and fed to a coun ter 
for determination of the number of fly
wheel teeth that have passed at any given 
instant of time. The output of the 
accelerometer would be digitized and 
fed to a digital signal processor (DSP) , 
along with the digital tooth-count signal. 

The DSP would use the tooth-count 
signal to determine the instantaneous 
engine shaft angle and generate in
phase and quadrature reference signals 
- synchronized with the engine rota
tion - for all the harmonic and subhar
monic frequencies at which vibrations 
are to be suppressed. All the reference 
signals would be generated with little 
computation, by use of only one lookup 
table. The DSP would implement the 
compensator from the reference and 
acceleration signals by use of a modified 
version of the Least Mean Squares algo
rithm. The output of the DSP would be 
fed through a digital-to-analog convert
er, then amplified, then applied to the 
actuator. 

The figure schematically illustrates a 
prototype system in a laboratory setup. 
The electromechanical actuator used in 
this setup was of the proof-mass type, 
with a mass of about 1 kg and the capa
bility to generate forces as large as 40 
at frequencies above 40 Hz. The com
pensator was implemented in a com
mercial DSP. which was programmed to 
suppress vibrations at nine frequencies; 
namely. the first five harmonics and the 
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This laboratory Setup was used to demonstrate the present concept for 
active suppression of vibrations in an automobile drive train. In a real 
application, the tachometer signal would be a flywheel-tooth-passage 
signal from a magnetic pickup device, and the shaker would be replaced 
by an engine and drive train. 

four in teger-and-a-half harmonics between them. A real engine 
was not used in this setup: In tead, engine vibrations were syn
thesized by driving a shaker, via an inverse filter, with a previ
ously recorded vibration signal from a real engine; and fly
wheel-tooth-passage pulses recorded along with the vibration 
signal were substituted for the output of a real magnetic pick
up device. In experiments on this setup, the vibrations at the 
nine selected frequencies were attenuated by more than 20 dB 
when the system was operating. 

This work was done by Zahidul H. Rahman and John 1: Spanos of 
Caltech for NASA's Jet Propulsion Laboratory. For further infor
mation, write in 64 on the TSP Request Card. 
NP0-20026 

~Self-Cleaning Spool Valve 
Controlled leakage for gradual shutdown is 
combined with self-cleaning. 

Marshall Space Flight Center, Alabama 

A spool that places the main actuator in the pneumatic shut
down position and is used to control the rate of shutdown has been 
modified by the incorporation of a self <leaning curtain orifice. 
Helium gas applied to the pneumatic end of the pool place the 
valve in the pneumatic hutdown position. In this po ition, the 
opening cylinder of the main actuator is communicated to the 
hydraulic return system via a timing orifice in the spool valve 
sleeve. The hutdown rate is regulated by a sized timing orifice of 
rectangular cro section. Helium gas, which is also applied to the 
closing piston of the main actuator (the do ing piston is in a push
push configuration with the opening piston), provides the neces
sary closing force to the main actuator. The hydraulic fluid in the 
opening cylinder is forced through the timing orifice, therefore 
controlling the closing rate of the main actuator: 

The top part of the figure show the unmodified version of the 
valve, without the self<leaning curtain orifice. In this version, 
debris is trapped by a filter inside the spooL The oil flows only one 
way through the filter and only during the shutdown sequence; as 
a result, there is no cODvenient way to remove accumulated debris 
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Phytron VSS series of stepper motors are offered in three 
different categories 10 cover most extreme environment applications. 

VSS-FV 
• Vacuum up to 10-3 Torr 
• Temperature range -4Q°F to +250°F 
• Clean Room. Class 10 

VSS-HV 
• Vacuum up 10 10-7 Torr 
• Temperature range -40°F to +4OQoF 
• Clean Room, Class 1 

VSS-UHV 
• Vacuum up to 10-'1 Torr 
• Temperature range -454°F to +6OOoF 
• Radiation hardened to lOS Rad 
• Clean Room, Class 1 
~Secxnd""",_ .... ~_a-n 

Phytron Inc 

1345 Main Street 
Wa1t113m. MA 02154 

1-800·96·Phytron 
Fax 617·647-3526 
1'1\'11'1. phyt ron. com 
e-mail 
InfoiJ phylron com 

For More Information Write In No. 840 lIb 
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Motion Control 
~~~~. ~~~p~~ 

Precise position and 

speed sensing for the 

motion control industry. 

Our rotary optical 

encoders provide 

state-of-the-art technology 

in a cost effective 

easy to install package. 

Call our toll-free number 

for your copy of 
RCM2t 
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our product guide. 

For More Information Write In No. 841 
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SCREWS 
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• PRECISION SCREWS 

• PATENTED /J/' DESIGNS 

• 0 PRE-WADING OR WBRlCA11NG 
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• WNG UFE, SMOOTH OPERATION 
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Motion Products Inc 

For more information tel 603·465·7227 ' fax 603-465-3598 
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For More Information Write In No. 842 

TIming Orifice 

TIming Orifice 

ORIGINAL DESIGN 

Circumferential Channel 

Annulus Serving as Filter 

MODIFIED DESIGN 

Spool 

Spool 

The Annulus in the Modified Valve Acts as an Oil Filter in that it blocks 
particles too large to travel easily through the timing orifice. The flow 
of oil through the annulus keeps the annulus clean by sweeping away 
smaller particles that can t ravel easily through the timing orifice. 

from the filter. 
The bottom pan of the figure shows the modified version. An 

annular gap around pan of the pool allows orne leakage and acts 
as an oil filter. The radial gap of the annulus is cho en mall 
enough (smaller than the smallest dimension of the timing ori
fice) to prevent debris from reaching and blocking the timing ori
fice. The length of the annulus is then chosen so that the rate of 
leakage through the annulus can be an order of magrutude 
greater than that through the timing orifice. The annulus is 
cleaned by the scavenging effect of the normal flow of oil through 
the valve. The leakage past the annulus is collected by a circwn
ferential channel, which provides for unre tricted flow to the rim
ing orifice. 

This wark was done by Mario Padilla of Rockwell International 
Corp. for Marshall Space Flight Center. Far further information, 
write in 73 on the TSP Request Card. 

Inquiries concerning rights far the commercial use of this invention 
should be addressed to the Patent Counse~ Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-30042. 

'lAir-Slide Powder Preblender 
and Gas Seal 
One powder is shaped to block a flow of gas 
into another powder. 
Marshall Space Flight Center, Alabama 

The figure illu trates an air- lide apparatu that combines 
preci ely controlled flows of aluminum and iron oxide pow
ders. The apparatus is part of a facility that manufacture solid 
rocket propellant containing the e powders plus other ingre
dients, but the technological ignificance of the apparatus goes 
beyond the rocket propellant application. Apparatuse of this 
type can be u ed in proce es for making such diverse products 
as foods, fertilizers, and plastics. 

The basic task i to combine and preblend two or more 
weighed quantitie of powder in a clo ed system without 
degrading their weighment accuracie . Care must be taken to 
en ure that accuracy is not decreased by either allowing gas 
pre ures to alter preci ion of up tream weighing equipment 
or altering the weight of powder that i delivered at the end of 
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the process, by allowing some of it to 
adhere to interior surfaces of the pipe 
and process equipment. In designing 
the apparatus to satisfy these require
ments, it was necessary to pay special 
attention to the unique properties of the 
aluminum and iron oxide powders: 
- To prevent ignition of the highly 

explosive aluminum powder, it is nec
essary to maintain an inert (nitrogen) 
atmosphere in the ducts. 

- Iron oxide powder is very adhesive, 
tending to accumulate on some duct 

Aluminum Powder 

Membrane 

the gas used in this slide. The upper and 
lower halves of the slide are separated by 
a gas-permeable membrane. Com
pressed nitrogen is introduced below the 
membrane, and flows up through the 
membrane, fluidizing the aluminum 
powder, which is fed in on top of the 
membrane. Fluidization enables the alu
minum to flow down very slight inclines, 
much like a fluid. 

Iron oxide and aluminum powder 
merge and are pre blended inside the air 
slide. The iron oxide inlet to the air slide 

To Blender 

The Aluminum Powder Flows around the iron oxide powder, up to a level above the outlet 
of the vertical iron oxide duct. The aluminum powder thus blocks any flow of nitrogen through 
the iron oxide powder, and the iron is encapsulated in the aluminum flow. 

surfaces. To ensure the integrity of the 
weighment, the accumulation of iron 
oxide powder on surfaces must be 
minimized. 

- Iron oxide powder comprises submi
cron-sized particles that could easily be 
blown away by excessive flows of nitro
gen in the ducts, with consequent loss 
of weighment precision. 
In the present apparatus, the accumu

lation of iron oxide powder on surfaces 
is prevented by making the powder fall 
through the center of an oversized verti
cal dUCL The air-slide part of the appara
tus is used to convey the aluminum pow
der acro a 4-ft (1.2-m) horizontal dis
tance from the outlet of an aluminum
powder feeder to the inlet of the 
blender, wherein the two powders are 
mixed. The slide path has a slight down
hill tilt from the aluminum-feeder outlet 
to the blender inlet. "Air s1ide~ is some
thing of a misnomer in that nitrogen is 
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extends vertically into the aluminum 
powder discharge. The annulus that 
forms between the outside diameter of 
the pipe and the air slide was carefully 
sized to flood and fill with aluminum 
powder. Thus, the aluminum powder 
acts as something of a eal, suppressing 
pressure fluctuations from the up cream 
weighing equipment and thus prevent
ing the 10 of the smaller iron oxide par
ticles as nitrogen vents from the proce . 
Fma1Iy, the adhe ive iron oxide becomes 
encapsulated in aluminum powder, 
which flushes it through the system. 

This work was done lTy Joel Crook of 
Thiokol Corp. fqr Marshall Space Flight 
Center. For further inforrTUJtion, write in 77 
on the TSP Request Card. 

Inquiries concerning rights for the commer
cial use oj this invention should be addressed 
to the Patent Counse~ Marshall Space Right 
Center; (205) 544-0021. Refer to MFS-
31129. 
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TG4M™ 
(I'hermo-ChemicaJJy Activated Motioll) 

Linear Actuators 
TeAM actuators use electrical power to heat 
and rapidly expand a polymer matrix to pro
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compact, quiet, easily installed and weighs but 
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this descriptive brochure today. 

Q TCAM Technologies, Inc. 
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REALI-SLIM bearings 
save weight and space 

Kaydon REALI-SLIM~ 
thio- ection bearings are 
the industry standard for 
compact, weight- aving 
power tran mission de
signs. They're excellent 
for aircraft, radar, machine 
tools, mobile equipment, 
instrument , automation 
and robotics, material 
handling, medical, and 
other preci ion applications. Available from stock in 1" 
to 40" bore sizes, and 8 different ero sections from 3/16" 
to 1". Choose from radial contact (fype C), angular con
tact (fype A) and four-point contact (fype X) geometries. 
Double-sealed, special coatings and customizing also 
available. 

Request a free 64-page catalog and REALI-DESIG 
I software to help you specify thin-section bearings quickly 
and accurately. Kaydon Corporation, 2860 McCracken 
Ave., Muskegon MI 49443. 616-755-3741. For fa test 
response Fax: 616-759-4102. 

Circle 844 for catalog 300. Circle 853 for design aid software. 

KL\YCDN BEARINGS 
Amazing 
Hubble 
IITlage NoW" 
A Full-Color 
Poster! 
One of the Hubble Space 
Telescope's most incredible 
discoveries - the birth of 
stars 7000 light years from 
Earth - is now captured In a 
gorgeous Iimlted-edition actual sIze: 14- " 18-3/4-

waJl poster. 
Only $7.95 each. 

Rush me_Hubble poster(s) 
at $7.95 each plus $5.00 for 
shipping (In tube). NY residents add saJes tax to total. 

Total $ 

Name 

~mp ____________________ _ 

Address ___________________ __ 

Clty/St/Zip __________________ _ 

Phone No. __________________ __ 

Check enclosed ~e to AssocIated BusIness Publications) 
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Signature: 

Mall to: Assoc. Business Publicalions, Dept. F, 317 
Madison Ave., NY, NY 10017. Or fax to: (212) 986-7864. 
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0 Discharge Valve for 
Gravimetric Feeder 
This valve prevents leakage of fluidized pow
der during Hlling of a hopper. 

Marshall pace Flight Center, Alabama 

A computer-controlled, pneumatically actuated valve blocks 
incidental di charge of aluminum powder from the outlet of a 
gravimeuic feeder during batch refill. The feeder is part of a 
facility that manufacture olid rocket propellanL By pr vent
ing mall, unintended flows, the valve help to maintain the 
precision of meter d weights of aluminum powder, as needed 
for mixing with other can tituent material. Thi valve concept 
i not limited to the production of rocket propellant; it could 
be applied to gravimeuic feeders in the food, fertilizer, and 
plastics indusuie , for example. 

The need for the valve ari e largely because of the propen i
ty of aluminum to assume fluidlike properti , when moving 
(fluidized flow). Fluidized flow occurs when particles are sepa
rated from each other by cushion of gas. Contact bed flow 
occurs when particle touch each other and gas i pre ent only 
in the interstice of the particle. Fluidized flow is preferred for 
moving powder, within a proce , from point A to point B. 
Contact bed flow i preferable for metering the powder because, 
in comparison with fluidized flow, it i more controllable. 

The gravimetric feeder (see Figure 1) includes a hopper 
with an auger at its outlet that is used to di charge powder. 
Initially, free-falling aluminum fill the hopper from the top, 
and some gas be ames trapped within the powder. After a cou
ple minute at rest, the weight of the powder will cau e much 
of the trapped gas to permeate out through the top surface of 

Auger 

Actuator 
Fork 

Figure 1. Leakage Occurs as fluidized aluminum flows around the auger 
helix and through the clearance between the auger (feed screw) and the 
auger barrel. when the auger is not turning. The valve blocks this leak
age during times when powder feed is not desired. 
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~e powder. As ahlI~inum is dropped ~ Preventing Fouling of Feeder 
mto the hoper, dunng refills, the flu- U 
idized powder preads outward as it ~its Mechanisms by Aluminum Powder 
the hopper bottom, rather than formmg 
a pile. Under the e conditions, some of Several features prevent powder degradation around rotational 
the powder spirals through the auger components of process equipment. 
helix and drops into tl1e discharge. . 
Powder following this path is unaccount- Marshall Space Fltght Center, Alabama 
ed for in the batch weighment; mis is the 
unintended flow that the valve is 
designed to block. 

Figure 2. The Actuator Fork Pushes the Seal 
Plate along the auger shaft between "open" 
and "closed" positions. The auger shaft runs 
through the center of the seal plate when the 
valve is open. The seal occurs around the shaft 
and also around the auger barrel. The shaft to 
which the actuator fork is connected is driven 
by an external pneumatic actuator. 

The auger discharge is blocked within 
a seal plate that slides along the auger 
haft The seal plate i an elastomer cov

ered disk. During hopper refills, the seal 
plate is pushed again t the outlet of the 
auger barrel ("clo ed" position), block
ing unintended flow of aluminum pow
der. The seal plate is moved along the 
shaft, between the "open" and "closed" 
positions, by an actuator fork (as hOWD 
in more detail in Figure 2), which is con
nected to an external pneumatic actua
tOf. Under computer conrrol, the actua
tor do es the valve immediately before 
me hopper is filled, and opens it imme
diately before the auger is tarted to feed 
powder. 

This work was done oy Joel Crook of 
Thiokol Corp. for Marshall Space Flight 
Center. For furtlUff information, write in 82 
on 1M TSP Request Card. 
MFS-31120 
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The design of the gravimetric alu
minum-powder feeder mentioned in me 
preceding article incorporates several 
features to prevent fouling by aluminum 
powder, an essential ingredient in many 
solid rocket molors. The particular foul
ing problem arises because aluminum 

What's The 
New Name for 
Motion Control 
Technology? 

The company known for 
innovative motion control 
products and solutions has 
a new name - API Motion. 
And together, the companies 
that form the new API Motion 
are the best solution for your 
automation application. 

• API Controls: Servo and 
Step Drives and Motion 
Control Systems 

• API Deltran: 
Electromagnetic Brake 
& Clutch Solutions 

• API Gettys: Step and 
Servo Motors 

• API Harowe: Encoders, 
Resolvers and BLOC 
Motors 

call the new name In motion: 

1·800-566-5274 
Fax: 716-691·9181 
http://www.industry.net/api 

powder is so soft and fine mat it infil
trates small internal opening witllln me 
feeder and forms hard foil pieces under 
very low pressures. Around rotating or 
sliding parts, such foil pieces accumulate 
rapidly, so mat clearances close and me 
affected parts seize. The antifouling fea-

API Motion 
AMERICAN PRECISION INDUSTRIES INC. 

For More Information Write In No. 845 ISb 



Thread To Prevent 
Accumulation of Powder 

Intromitterl 
Threads 

Packing 
Location This Side 

Exposed to 
Powder 

This Side 
Exposed to 
Room Environment 

The Deep Thread just to the right of the flange acts as an auger to prevent the accumulation of 
powder inside the hopper near the packing seal. 

16b For More Information Write In No. 846 

ture prevent the formation of foil by 
creating a gas pocket around region 
where clearance between moving and 
stationary parts are very small. Similar 
feature might also be useful in gravi
metric feeders like those used in the 
food and chemical indu trie, where 
fouling could cause contamination, fric
tional heating (leading to fire hazards), 
and possibly other adverse effects, 
depending on the material(s) being fed. 

In the gravimetric feeder, aluminum 
powder will typically foul where rotating 
auger and intromitter shafts penetrate 
the waIl of an aluminum-powder-fLIled 
hopper. At the wall penetration of each 
shaft, the interior of the hopper is sealed 
with graphite packing, a brass lantern 
ring, and a packing gland, to prevent 
leakage of aluminum powder. Because 
of the explosive nature of aluminum 
powder, an oxygen-free gas (nitrogen) at 
a pressure of 2 psig (gauge pressure of 
14 kPa) is piped directly over the lantern 
ring. This pressurizes the packing with 
respect to the environment in the hop
per, thereby preventing the flow of alu
minum powder into the packing. 

Additional antifouling features help 
to prevent the accumulation of alu
minum powder around each shaft near 
the wall penetration. In the case of the 
intromitter shaft, one of these features is 
a deep thread, which is cut into the end 
of the shaft near the wall penetration 
(see figure). This thread acts as an 
auger, moving accumulated powder 
away from the waIl penetration. Another 
antifouling feature is a chamfer around 
the inside edge of each shaft hole in the 
hopper wall. The chamfers eliminate 
what were previously blind holes that 
trapped powder. A third antifouling fea
ture is a radiused shield that is welded in 
place on the wall of the hopper just 
above each shaft. The design of the 
shield is based on tlle bulk properties of 
aluminum powder. A horizontal projec
tion into any vertically flowing powder 
will create a powder-free area under
neath it. The size of this area depends 
on the physical properties of the materi
al and the geometry of the shield. These 
antifouling features allow for the shafts 
to turn inside the powder-filled hopper 
with little or no powder present in the 
tight clearances between the shafts and 
the tationary parts. 

This work was done by Joel Crook and 
Charles D. Fuller of Thiokol Corp. for Marshall 
Space Flight Center. For furtherinfm-mation, 
write in 42 on the TSP Request Card. 

Inquiries concerning right.s for the commer
cial use of this invention should be addressed 
to the Patent Counsel, Marshall Space Flight 
Center; (205) 544-0021. Refer to MFS-
31128. 
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~Inlet Gas Distributor 
for Pneumatic 
Powder-Conveying 
Vessel 
Powder in the vessel is 
fluidized to prevent 
"ratholing. " 
Marshall Space Flight Center, 
Alabama 

An inlet gas distributor has been 
devi ed to en ure that the entire vol
ume of aluminum powder is conveyed 
out of a pneumatic conveying vessel 
during each conveying cycle, thereby 
increasing the time-averaged conveying 
rate. The vessel and the re t of the 
pneumatic conveying ystem are part of 
a facility that manufactures solid rocket 
propellam containing aluminum pow
der plus other ingredients. imilar 
inlet gas distributors might also be use
ful for increasing conveying rates in 
some of the numerous other industrial 
processes that utilize pneumatic con
veying of materials. 

The pneumatic conveying vessel is a 
hopperlike pressure vessel with a dis
charge valve connected to a discharge 
pipe at the bottom ( ee figure). Each 
batch of powder is conveyed in the fol
lowing way: First, the vessel is filled 
with powder. ext, the powder-inlet 
valve is closed and the interior of the 
ves el is pressurized with nitrogen. 
Once the pressure has risen to a prede
termined level, the discharge valve is 
opened, allowing the pressurized nitro
gen to push the powder out through 
the discharge pipe. During this dis
charge, pressurized nitrogen continues 
to flow into the ves el. When the dis
charge i complete, pre urized nitro
gen i upplied for a little while longer 
to blow the di charge pipe clear. 

A phenomenon called "ralholing" 
occur during the discharge as a result 
of the tendency of aluminum powder 
to elue and consolidate into a weak 
rna 5, with just enough strength to hold 
its shape against gravity. When tlle dis
charge valve is opened, only the pow
der immediately above it is discharged, 
leaving a thick layer of powder around 
the periphery of the ve el and a verti
cal hole (the "rathole") in the middle. 
Thu , a ignificant portion of the origi
nal powder filling remains in the ve el 
after di charge. Thi decrea e the 
effective volume of the yes e1, and the 
time-averaged conveying rate is 
reduced correspondingly. This prob-
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Avoid "The Pump" 

To avoid 
"pump effecf problems 
associated with conventional 
transducers, Novotechnik's TLH 
series of position transducers feature a 
rodless, side-actuated design which provides stroke 
lengths of 100-4000mm. The series combines high speed 

DIN 43 650 
hydraulic 
connector 

operation of up to 10m/sec with repeatability of 0.01 mm and 
very long life of over 100 x 106 operations. 

TLH transducers are precision made, with linearity to within 0.02%, a ball 
coupling design that eliminates side load errors, and a patented, damped 
wiper which ignores vibration from 5 to 2,000Hz. 

Built to work reliably under extreme environmental conditions, the TLH 
series has a very low temperature drift, operating temperature range of 
-30 to +100°C, and a 4th terminal shielding connection provides immunity 
to EMI·. Call or fax for technical information to: 

novotechnik 
Siedle Group 

Novotechnik U.S., Inc. 
237 Cedar Hill Street· Marlborough, MA 01752 
Telephone: 508-485-2244· Fax: 508-485-2430 

°EMI - electromagnetic Interference Visit our Web site at htlp:l/www.novotechnik.com 

ISb 

For More Information Write In No. 849 

• Lintech positioning tables offer precision 
performance and design flexibil ity. 

• All standard tables are available 
in manual and motorized 
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• Standard accessories are 
available to customize your pOSitioning 
table for your specific needs. 

• 2 different series of rotary tables are available. 

• Custom Positioning Systems are also available. 
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a wide variety of Motion Control applications. 
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For More Information Write In No. 850 

Nitrogen In 
-+ 

Discharge 
Pipe 

The Pneumatic Conveying Vessel is modified 
from its orig ina l design by substitution of the 
inlet gas distributor for a nozzle. 

lem i further exacerbated when p re -
sure i applied above the powd er, ju t 
prior to opening the di charge valve. 
T he re ultant force from thi pre ure 
cau e fur ther powder con olidation, 
which increa es th e trength of the 
rathole. 

The inlet gas distributor is a capped, 
perforated p ipe that extends alo ng the 
vertical wall of th e ve sel. Pres urized 
nitrogen i fed in to the ve e l through 
thi distributor. T he purpose of the 
inlet ga di tributor i twofold: First, 
nitrogen pre ure i no longer applied 
directly above the powder. The gas dis
tributor pre urize the ve e l from 
within the powder rna . Thi elimi
nate the differential pre ure that can 
consolidate the material. econd, 
nitrogen flowing fro m the dis tributor 
fluidize some of the powder in the ves
sel along a line that extends vertically 
through the consolidated ring of pow
der. The fluidized powder falls out, 
thereby de labilizing the remaining 
powder mas enough to make it fall 
into the di charge pipe. 

This work was done by Joel Crook of 
Thiokol Corp. for Marshall Space Flight 
Center. For further infonnation, write in 
78 on the TSP Request Card. 
MFS-31121 
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0 Liners for Inlet Bellows of Gravimetric Feeders 
Uners increase weighment accuracy by preventing powder accumulation. 

Marshall :pace Flight Center; Alabama 

Flexible liners have been incorpo
rated into the inlet bellow of gravi
metric feeder that are u ed to meter 
preci e amounts of powder for mak
ing olid rocket propellants. The bel
low provide freedom of movement 
between the cale portion of the feed
er and the rigid pipe connection at 
the feeder inlet/outlet. The liners 
prevent accumulation of powder in 
the convolution of the bellow. 
Before the liners were developed, 
powders tended to accumulate in the 
bellow convolutions, causing their 
tiffne to change. These variation in 

bellows stiffness degraded metering 
accuracies. 

Each liner i made from a sheet of 5-
mil (O.13-mm) thick polyurethane 
that is cut in a pattern, rolled up, and 
stitched to form a long, flexible cone 
that resemble a wind sock (see fig
ure). A neoprene gasket is sewn in 
place around the hole at the wide end. 
To install the liner, the gasket is bolted 
between flanges at the top of the inlet 
bellows. The liner hangs down from 
these flanges, extending below the 
lower end of the bellow and into a 
hopper that i part of the feeder. 

The conical taper prevents the liner 
from dragging on the inner urface of 
the bellows and thereby affecting the 
weight measurement of the feeder. 
The polyurethane liner material is so 
slick that even relatively sticky pow
ders like iron oxide do not adhere to 
it. In operation, the hopper is filled by 
dropping powder in through the inlet 
pipe and liner. After the refill is com
plete, an automatic valve opens, caus
ing compressed nitrogen to flow 
through four nozzles that penetrate 
the wall of the inlet pipe, directly 

16.36 in ~ 1 
Neoprene 

Gasket 

/ 
Inlet Bellows 

34 in. 

~5 . ~ Polyurethane 
In. 0.005 in. Thick Hopper 

DETAIL OF LINER LINER IN USE IN INLET BELLOWS 

The Liner Is Basically a Flexible. Tapered Pipe that keeps falling powder away from the convolu
tions of the bellows. 

beneath the neoprene gasket of the 
sock. The nozzles sweep the inlet pipe, 
while vigorously haking the bellows 
sock, to remove fugitive dust and pow
der agglomerations that may be 
trapped within wrinkles in the sock. 
Powder that is shaken loose during 

the compressed-nitrogen sweep falls 
into the hopper, as desired . 

This work was done by Joel Crook of 
Thiokol Corp. for Marshall Space Flight 
Center. For further information, write in 
39 on the TSP Request Card. 
MFS-31122 

0 Deflectors for Outlet Bellows of Gravimetric Feeders 
These deflectors serve the same purpose as that of inlet-bellows liners. 

Marshall Space Flight Center; Alabama 

Deflector have been placed inside 
the outlet bellow of bulk-powder 
gravimetric feeder that are u ed to 
meter preci e weights of powder. 
Like the inlet-bellow liners described 
in the preceding article, the outlet
bellows deflectors are used to prevent 
accumulation of powder in the con-

20b 

volutions of the bellows in order to 
keep the bellows flexible, as necessary 
for precise metering of powders by 
weight. 

When powder is di charged from 
the feed auger, it has a small but sig
nificant horizontal velocity. This veloc
ity causes the powder to strike the bel-

www.nasatech.com 

lows at some point below and opposite 
the outlet. The outlet-bel1ows deflec
tor is a half-cylindrical aluminum 
hield supported by a flange above the 

feeder outlet. It hangs down past the 
outlet and through the bellows to a 
point omewhat below the lower end 
of the bellows (see figure). The con-
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Auger Shatl 
111 OUtlet 

The Deflector Intercepts Powder extruded out 
by t he auger, preventing the powder from 
striking and getting stuck in the convolutions 
of t he bellows on the opposite side. 

cave side of the deflector faces the 
outlet. As powd er contacts the outlet
bellows liner, its horizontal velocity 
goe to zero, and the powder drops 
vertically through the center of an 
oversized pipe. Conductive Teflon (or 
equivalent) i bonded to the surface 
of the liner to prevent powder adher
ence and buildup of electrostatic 
energy. 

This work was done by JoeL Crook oj 
Thiokol Corp. Jor Marshall Space Flight 
Center. FOT Jurther inJormation, write in 
7I on the TSP Request Card. 
MFS-31124 
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0 Discharge Knife for a Gravimetric Feeder 
Discharge weight can be controlled more precisely. 

Marshall Space Flight Center; Alabama 

The outlet of a gravimetric powder 
feeder is equipped with a discharge 
knife that haves and cuts the material 
as it i discharged off the end of its 
auger (see figure). As explained 
belm , the shaving action is needed to 
increase the accuracy with which the 
discharged material is weighed OUl. In 
this ca e, the discharged material is 
iron oxide powder, and the gravimet-

ric feeder i part of a facility that 
weighs out precise amounts of iron 
oxide powder that are mixed with 
other ingredients in making solid 
rocket propellants. The basic principle 
of the discharge knife can also be uti
lized to improve the accuracies of 
gravimetric feeders that weigh out 
other materials in the food and chem
ical industrie . 

POWE 
TOOLS. 

POWER AND FLUID MANAGEMENT 
SYS1EMS FROM DAYCO/EASTMAN. 

Dayco Products and 
Imperial Eastman com
bined to bring you one of 
the most comprehensive 
lines of hydraulic hose, 
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available today. 

The result; the 
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DaycolEastman Catalog. 
Included are more than 

1111 

300 pages of Power and 
Fluid Management sys
tems, accessories and 
crimping equipment in 
an easy-to-use, indexed 
formal. 

To order your copy, 
or for the name of your 
nearest DaycolEastman 
Power and Fluid 
Management Systems 

distributor, contact: 

Dayco Products, Inc. 
1 Prestige Place 
p. O. Box 1004 
Dayton. OH 45401-1004 
Phone: (800) 283-2926 
Fax: (800) 688-4854 
hup://www.dayco.com 

For More Information Write In No. 851 21b 



Discharge Knife 

Discharge Pipe 

/ 

The Discharge Knife Shaves Material drawn out by the auger, making the material fall off the auger in smaller clumps. 

22b 

Legendm;y 
Even 

Toughest 

For More Information Write In No. 852 

Ideally, the discharged material 
would not adhere to the auger and 
would fall smoothly off the auger into 
the proces tream, so that the rate of 
discharge would be uniform and well 
controlled by varying the peed of the 
auger. nfortunately, iron oxide pow
der is so cohesive and adhesive that it 
does not falloff smoothly; instead, it 
tends to adhere to the auger and itself 
to form clump that grow and extend 
horizontally, into the discharge, until 
they break off under their own 
weights. This causes the discharge to 
pulse, and this make it impossible to 
precisely weigh a discharged material 
batch. For example, suppose that the a 
20.000-lb (9,071.8-g) batch size is 
required and the amount weighed out 
thus far is 19.990 Ib (9,067.3 g). If a 
clump weighing 0.070 Ib (31.8 g) 
breaks off, the amount weighed out 
suddenly jump to 20.060 Ib (9,099.1 
g), so that the batch is now overweight 
by 0.060 lb (27.2 g). 

The auger pushes clumps out with 
small axial and radial velocities. The 
discharge knife shave the clumps as 
they rotate. Moreover, the design of 
the di charge knife is such that the 
portion of discharged material that is 
not shaved is cut into five roughly 
equal parts. Thus, the net effect of the 
discharge knife is to make the dis
charged material fall off in smaller 
clumps. Thi makes it possible to 
approach the required weight of deliv
ered material in smaller increments, 
topping the discharge within a maIl

er undershoot or overshoot of the 
required discharge weight. 

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

Inquiries concerning rights for the com
mercial or noncommercial use of this inven
tion should be addressed to the Patent 
Counsel, Marshall Space Flight Center; 
(205) 544-0021. Refer to MFS-31123. 

June 1997 



, Double-Difference Precoding and Postdecoding 
This method improves data-compression performance for multiple and time-shifted sets of data. 
Goddard :pace Flight Center, Greenbelt, Maryland 

A method of increasing the efficiency of 
data-{:ompression coding involves precod
ing and postdecoding via double-differ
ence computations. The method is partic
ularly suitable for data from multiple 
and/or time-£hifted sources; for example, 
image data from the same scene observed 
in different spectral bands and/ or 
observed at different times. 

The precoding and postdecoding 
amount to additional stages of compres
sion and decompression, respectively. Like 
other data-compression schemes, this one 
reduces the volume of data to be transmit
ted by removing some of the correlated 
and redundant components of successive 
original data, so that successive transmitted 
data samples contain a higher proportion 
of uncorrelated and nonredundant data.. 
Also as in other schemes, the redundant 

SPARKING INNOVATION 

For Exhibit informarion contact: 
Linda Moffar • 8471297-3571 
FAX: 8471297-3618 

and correlated components are recon
structed, during decoding, from informa
tion contained in both current and previ
ously transmitted coded data samples. 

Of the various types of double-di:ffer-

Original Data 
From Source A 

Double-Difference Data 

Original Data 
From Source B 

ence schemes that could be used, the one 
preferred in the present method is called 
"cross-adjacent" and is illustrated schemat
ically in Figure 1. This scheme applies to 
two original sets of data; (ad = (aJ, ab ~, ... ) 

Figure 1. Cross-Adjacent Double Differences {.1.J are computed from sequences of corresponding orig
inal data {a,} and {bJ. 

For More Information Write In No. 425 For More Information Wrlb! In No. 440 81 



Providing sealing solutions 
before others identify 

the problems! 
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and {bJ, = (~, bz, ~, ... ) where lICC ive ub ripts denote ucces-
ive original data and where a, corre ponds to b,. For example, a, 

and b. could represent original pectral inten iti from the same 
location (the ith pixel) in the same image at two different wav~ 
lengths. First, for each (ith) pair of original data, one computes the 
croSS<lifference 

6~·=b. -a •. 

ext, one compute the difference between successive (adja
cent) croSS<lifference ; that is. 

6, = 6~:1- 6~. 

This is the desired set of double differenc 
traightforward algebraic manipulation of the double-dilfer

ence equations yields recursive equations for reconstruction of 
one of the original ets of data from the other original et of data, 
the double differences, and the zeroth croSS<lifference term. That 
is, one obtains equation for reconstructing {bJ from {aJ, {6J, and 
6~·. Thus, it uffice to transmit the precompr ed set of data 
({aJ,{6J, 6~ .). 

Accordingly, in operation, the original data are precompre ed 
via the double-dilference equations, and the precompre ed data 
are fed to a standard 10 Ie or 10 data-{;ompre ion encoder 
suitable for the specific application. Following transmission, recep
tion, and decoding, the complete original data are reconstructed 
from the decoded precompr d data via the recursive equations. 

Typical electronic hardware for double-dilference precoding 
compression and po tdecoding reconstruction consists of several 

Binary Data 
From 

Source A 

Arsl DPCM Processor Second DPCM Poocessor 

Cross-Adiacent C>oubkl--Offference Oala 

Rrst DPCM Processor 
(IllY .... aI the Second DPCM 

Processo< Shown Above) 

Second OPCM PrOC8SSO( 
(Inverse of the First DPCM 
Processor Shown Above) 

a: 
w 
Q 

8 
z w 
W a: 
Q. 

a: w 
Q 
o 
t.> 
w 

~ o 
Q. 

Figure 2. Preencoding and Postdecoding Hardware that implements the 
cross-adjacent doubte-difference scheme consists of DPCM functional btocks. 

differential pulse code modulation (DP M) proce ors (ee 
Figure 2.) In precoding, binary data {aJ from ource A are fed to 
an arithmetic-{;omplement circuit, while binary data {bJ from 
ource B are fed to one of the two input terminals of an adder. The 

output of the arithmetic-{;omplement circuit is fed to the other 
input terminal of the adder. The output of the adder is the cross
difference data {6~ j. This output is fed directly to one of the input 
terminals of a second adder; it is also delayed by one data-sample 
period, then complemented, then fed to the other input of the sec
ond adder. Thus, the output of the second adder computes differ
ences between uccessive croSS<lifference , yielding the tream of 
double-di1ference data, {6J. 

The posldecoding hardware, hown at the bottom of Figure 2, 
includes logic circuitry imilar to that of the precoding hardware, 
except that it does not include a complement circuit. The decod
ed binary data {aJ from source A are fed to one ofl:\vo inputs of the 
right adder. The decoded double-dilfercnce data {6J and the 
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zeroth cross-difference (f,.~ j are fed to 
one of the two inpUl tenninals of the left 
adder. The output of the left adder is 
delayed by one data-sample period and fed 
back to the other input tenninal of the left 
adder. TIle output of the left adder is also 
fed to the other input tenninal of the right 
adder. The output of the right adder is the 
stream of reconstructed data (bJ from 
source B. 

This work was done by Pen-Shu Ieh of 
Goddard Space Flight Center. Fur further 
infonnation, write in 72 on the TSP Requ£st 
Card. 

This inventWn is owned ">, NASA, and a 
patent application has been jii£d. Inquiries ron
ceming nonexclusive ur exclusive license fur its 
commercial developmmt should be addressed to 
the Patent Counse~ GodMrd Space Flighl 
Center,. (301) 2867351. &fer to GSG13552. 

J Flexible Software Processes 
Telemetric Data 
This software provides a less-expensive alternative 
to ASIC telemetry-processing hardware. 
Goddard Space Flight Center; Greenbelt, Maryland 

The Software Telemetry Processing 
System (SIPS) is a computer program that 
perfomls telemetric-<tata-processing func
tions that, heretofore, have been per
formed by custom-<tesigned application
specific integrated circuits (ASIG;). The 
cost of using the STPS in a given applica
tion ranges between one-tenth and one
fifth that of using ASIG;. Originally 
designed to process data from pacecraft 
telemeu), as specified by the Consultive 
Committee for Space Data Standards 
(CCSDS), the STPS can also be used, with 
little or no modification, to process non
cams data. 

In comparison with older telemetric
data-processing hardware and software, 
the STPS offers greater portability, 
sca1eability, and flexibility. Portability is 
achieved by use of the C language, which 
can be compiled and installed on mo t 
computers. Sca1eability is a consequence of 
portability in the sense that one can take 
advantage of portability to select a comput
er capable of handling data at the required 
rate for a pecific application. Flexibility is 
achieved by incorporating the main data
proce ing capabilities into three software 
modules that can readily be customized for 
specific applications; an additional degree 
of [lexibility is the po ibility of using the 
computer for other tasks when there is no 
need to process telemetry. 

The STP perfonns the functions of a 
traditional frame synchronizer with an 
embedded Reed-Solomon Decoder and 
enrice processor. The first of the three soft

ware modules is functionally equivalem to 

an ASIC fran1e synchronizer that follows a 
"search, check, lock, and fl wheel~ syn
chronization strategy. It features progranl
mabie frame length, synchronization pat
rem, and tolerance settings. lA'hen execut
ed on a Wl Microsystems Ultra 1-170 (or 
equivalent) computer with 32MB of ran-
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dom-access memory, this module can 
process data at a rate up to 18 Mb/s. 

The second software modul.e is func
tionally equivalent to an ASIC Reed
Solomon decoder. High-speed operation is 
achieved by clever use of registers and 
pointers in a highly optimized version of 
the Reed-Solomon decoding algorithm. 
TIlis module fearnres programmable virtu
al. fiIl and interleaving settings. It can 
decode any Reed-Solomon code with a 
symbol length up to eight bits. When exe
cuted on a computer like the one men
tioned above, this module can function at 
a data rate up to 2.55 Mb/s for data with a 
bit-error rate < 10-9, or at a somewhat 
lower data rate for data with a higher bit
error rate. 

The third software module - function
ally equivalent to an ASIC ervice processor 
- accepts a stream of synchronized, 
decoded data from the preceding modules 
in a cams format called "Channel Access 
Data Units" (CADU ). TIle data are sub
jected to either of two cams proce es 
called "Vtrtual Channel Data Unit Service" 
("VCDU Service" for short) and MPath 
Service,~ respectively. The output of this 
module is in the fonn of data packets or 
VCDUs that do not include synchroniza
tion markers but do include headers that 
describe the processing that was per
fonned and, optionally, descriptions of the 
data. The perfomlance of this module 
depends on the lengths of packel:S; typical 
rares for execution on the previously men
tioned compUler are 10 11>/s or 4 X 1O~ 
packets per second. 

17zis lJ.X1Tk was done by steve Duran, Chris 
\ViOdnson, Tom Grubb, Kanm Michae~ A~ 
Krimchansky, John Park, and Greg Henegar of 
Goddard Space Flight Center. and Jay 
Masino of Lockheed Marlin. For fulllleT infor
mahon, write in 27 on tlie TSP Request. Card. 
GSG13826 

www.nasatech.com 

Lowest Cost 
Diltil Acquisiti on 

ADAC's new Value-Line has 

uncompromising design features 

and high quality components at 

prices below the low cost guys! 

Just check out the specs: 

Low est Cost 

5500MF 
8 channels 12-bit A/D, 
16 digital I/O, Countermmer 

High !ipeed 

5508LC 
8 channels 12-bit ND, 
100KHz, DMA 

MultI-Function DMA 

5516DMA 
16 channels 12-bit ND, 
OMA, 16 digital I/O 

High Resolution 

5500HR 
16 channels 16-bit ND, 
DMA, 8 digital I/O 

learn more: 
voice 800-648-6589 

fax 

web 

email 

617 -938-6553 

www.adac.com 
info@adac.com 

ADAC 
American Data Acquisition Corporation 

70 Tower Office Park. Woburn. MA 01801 
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o Coupled Fluid-Dynamic 
and Thermal Effects 
in a Turbomachine 

A report summarizes a tudy of cou
pled fluid-dynamic and thermal effects 
that affect the performance and 
longevity of the fuel turbine of the 
Space Transportation main engine. The 
fuel turbine i a two- tage tran onic tur
bine de igned to produce a power of 
approximately 60,000 hp (=45 MW) and 
drive a lhree- tage turbopump that 
pump cold hydrogen. A method called 
"conjugate heat transfer analysis" was 
used to solve equations for the conduc
tion of heat in each di k. The goal of 
this and similar tudies is to design a 
di k-cooling scheme that yield an 
acceptable thermal environment 
throughout the turbine. 

This work was done by George Bache, 
Richard Swaim, and Robert Blumenthal oj 
Cencorp Aerojet Jor Marshall Space Flight 
Center. To obtain a copy oj the report, "A 

umerical Procedure Jor Coupled CFD/ 
Thermal Conduction Analysis oj Turbine 
Disks and Disk Cavities, " write in 20 on the 
TSP Request Card. 
MFS-28935 

0- Crack-Propagation Studies 
of Failure Modes in 
Thin-Rim Gears 

A report describes theoretical and 
experimental studie of the effects of 
rim thickne e on the propagation of 
cracks in thin-rim gear, which are used 
in advanced aircraft becau e they weigh 
less than conventional gears do. The 
goal of the studies was to determine 
whether cracks grow through gear teeth 
(a relatively benign failure mode) or 
through the rim (a catastrophic failure 
mode) at various rim thickne e. The 
theoretical studies included fmite-ele
ment computer simulations of gear
tooth bending, fatigue, and propagation 
of cracks based on linear elastic fracture 

When you need to see the tree and the forest 

Datavisor 80 

84 

Datavisor 
VGA/ HiRes 

Virtual Binoculars 
VGA/ HiRes 

See the difference with n-vision's complete 
line of immersive display systems 

For More Information Write In No. 436 

experimental tudie, it was found that 
tooth fracture occurred in gears with 
backup ratio of 3.3 and 1.0, and rim 
fracture occurred in gear with a back
up ratio of 0.3. For gears with a backup 
ratio of 0.5, the e periments revealed 
rim fractures, whereas the theoretical 
tudy howed instability; that i , the po -
ibility of either tooth or rim fracture, 

depending on initial condition. 
This work was done by David C. Lewicki 

oj the Vehicle Propulsion Directorate oj the 
U. . Anny Research Laboratory Jor Lewis 
Research Center. To obtain a copy oj the 
report, "Crack Propagation tudies to 
Determine Benign or Catastrophic Failure 
Modes Jor Aerospace Thin-Rim Gears, n write 
in 79 on the TSP Request Card. 

Inquiries concerning rights Jor the commer
cial use oj this invention should be addressed to 

:ASA Lewis Research Center, Commercial 
Technology Office, Attn: Tech BrieJ Patent 
Status, Mail Slop 7-3, 21000 Brookpark Road, 
Cleveland, Ohio 44135. &Jer to LEW-16436. 

novision 
7680 Old Springhouse Road 
McLean. Virginia 22102 
1.703.506.8808 voice 
1.703.903.0455 fax 
http://www.nvis.com 
sales@nvis.com 
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• TECH BRIEFS 

LITERATURE S 
Free catalogs and literature for NASA Tech Briefi'readers. To order, write in 

the corresponding number on the Readers Information Request Form (preceding page 81). 

APPLICATIONS GUIDE 
FOR RETICULATED 
POLYURETHANE FOAM 
FiltfiCresr™ and FelrCastl'M reticulated 
polyurerhane foam Applications Guide 

includes fuld-out chart Hsting applications by market and 
function. Cresr Foam marerials are used in products and 
processes fot applying, filtering, metering, reservoiring, 
wicking, cushioning, scaling, supprtsSingibaffiing, and 
many otbers. They are offered in many pore sizes ro meer 
specific applications. A questionnaire is included to help 
seleer a suitable material fur your application. Crest Foam 
Indus[[ies, Inc., 100 Carol Place, Moonachie, NJ 07074: 
Tel: 201-807 0809: Fax: 201-807-1113: E-mail: 
info@erestfoam.com: htrp://www.cresrfoam.com. 

Crest Foam Industries, Inc. 

For More Information Write In No. 300 

~
FREEHIQ 

, ~_ EVALUATION 
~ _ 11.11'\ SOFTWARE 

'lI'{ National Insrruments offers 
HiQ® for Windows, featuring ActivcMarb ™ and visual-
izarion tools for Microsoft Office. HiQ on Windows NT 
or Windows 95 uses AcriveXTM (OLE) for integration 
with Microsoft Office and Microsoft's OpenGL 3D graph
ics library, making advao.ced rechnical calculation, data 
visualization t and docum~ntarion solutions more cos( 
eff'ecrive and simpler for teehnical professionals. Call fur 
your FREE HiQ evaluarion software. Nadonal 
Instruments, 6504 Bridge Poiru pkwy., Austin, TX 78730: 
Tel: 512-794-0100 or 800-433-3488: Far. 512-794-8411: 
E-mail: info@natinst.com: http://www.natinst.com. 

National Instruments 
For More Information Write In No. 303 

PC-BASED JTFA 
TECHNIQUES 
SOLVE DIVERSE 
ANALYSIS 
APPLICATIONS 
Learn how to use PCbased Joint-

L-____ --' time-&equency analysis techniques 

UTFA) with the National Instruments JDi7lt Time
FmJumty AMiysis Applianion ND~ to achieve more pteds<: 
time and frequency domain resolution than traditional 
FFT-hascd measuremenrs. PChased JfFA ttdtniques solve 
divctse signal processing. biomedical, vibration, sound, and 
noise analysis applications. Nariorutl1nstrumenrs; Tel: 512-
794-0100 or 800-433-3488; Far. 512-794-8411; E-mail: 
info@natillSLcom; hrrp:l/www.natinsr.com. 

National Instruments 
For More Information Write In No. 306 
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~
AUTOMATED 

_ - _ PRESSURE 
_~_ - - CONTROL SYSTEM 

- - APP's Aurom .. ed Pressure CanlCOl 
System (APCS) allows easy compur.r con[[ol of high 
pressure generation up to 60,000 PSI. Using the RS232 
serial POrt through an exiSting computer, the supplied 
Window~-based software measures pressure ramps rhat 
can be pre-programmed for complete hands-off opera
tion. OUt software also provides automatic overpressure 
protection through a three-level failsafe sysrem. SpeciJ)r a 

list of rhe desired pressures and holding time and the 
APCS does the rest_ Advanced Pressure Produc[S, 83 
Brown Road, Ithaca, NY 14850: Tel: 800-277-8258: 
hrtp:llwww.pmiapp.com. 

Advanced Pressure Products 
For More Information Write In No. 301 

QUALITY 
ALUMINUM 
CASTINGS 
This newly updated, full 
color brochure illustrates 
permanen[ mold aluminum 
casting. a process best suited 
for high-strength, high-qrutl
ity produc[S ranging from a 
few ounces to several hun

dred pounds with yearly production runs of 3000 or 
more. Explanations of the complete in-house machining, 
engineering and tooling Stabl can provide are also 
included. Stahl Specialty Co., Kingsville, MO 64061; 
Tel: 800-821-7852. 

Stahl Specialty Company 
For More Information Write In No. 304 

PRECISION 
MEASUREMENT & 
SENSING 
INSTRUMENTS FOR 
MANUFACTURING 
Advanced line of measurement 
and seruing instrumentS for the 

_______ J calibration and maintenance of 

machine 1OOIs, robots, and CMMs and fot the measure
ment of machined parts. Indudes 5-0 laser measuring 
sy=m, ballbars, spindle dynamic and thermal analysis 
system. Ievds, drutl-axis beam S[eeret systems, laser uack
ers, and more. Auromated Precision, Inc., 7901.C Cessna 
Avenue. Gaithersbwg. MD 20879: Tel: 800-537-2720 or 
301-330-8100: Fax: 301-990-8648. 

Automated Precision, Inc. 
for More Information Write In No. 307 

""",.nasaLcch.com 

GAS 
PERMEAMETER 
PMl's gas p"rmeameter pro
vides a practical means of 
testing marerials with typical-

=--==--= _ _ _ -' Iyvery low permeability. The 
instrument uses warer vapor or a non-corrosive gas to [esc 

the permeability of a sheet sample. Gas under pressure 
flows through the sample into a chamber with vacuum 
pressure. The change in pressure in th.e vacuum chamber 
is measured over time to decermine the tate of diffusion 
and thus the permeability of the sample. Custom sample 
chambers also can be designed to accommodate different 
sample sizes and shapes. Porous Marerials, Inc., 83 Brown 
Road , Ithaca, NY 14850: Tel: 800-825-5764: 
htrp://www.pmiapp.com. 

Porous Materials, Inc. 
For More Information Write In No. 302 

BURST 
PRESSURE 
TESTER 
Advanced Pressure Prod
UCts has developed a fully 
automated computer con

(Coiled burst pressure t .. ting system. This system is 
designed to determine the exact pressure of failures at 
con[[olJed pressuriung nltes. 
• Tesr accuracy up ro .05% of full scale 
• Leak or burst pressure cesolution within .01 % offutl scale 
• Testing pressure designated by operator up t.o 60,000 PSI 
for hydraulic systems or 5,000 PSI for pneumatic systems. 
Advanced Pressure Producn, 83 Brown Road, Ithaca, NY 
14850; Tel: 800-277-8258; hrrp://www.prnlapp.com_ 

Advanced Pressure Products 
For More Information Write In No. 305 

SCSI 
EXTENDERS, 
CONVERTERS & 
REGENERATORS 
Sec of 5 data sheelS describe 
Paralan's SCSI Problem 
Solvers: SCSI Extenders 
.""tch the SCSI bus as fir as 
1000 ft. Also described are 

Paralan's DiffeRntiai/Single-Ended Conveners, SCSI 
Isolating RegeneratoRs, SCSI Bus Switches and unique 
Quiet Cable for reliable SCSI operation_ Tel: 619-560-
7266; E-mail: scsi@paraian.com; URI.: http://www.par 
a.lan.comlnth. 

Para Ian Corporation 

For More Information Write In No. 308 
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The Wodd of Clamping intro
duces DE-STA-CO's new line 

of high-strength composite 
clamps, derails their remaining 
line of approximately 500 tog
gle clamps , and features 
expanded dimensional and 

application information. DE-SfA-CO's toggle clamp line 
includes hold-down, latch , straighr-line, and squeeze· 
action clamps. This catalog also contains DE-STA-CO's 
pneumatic and hydraulic clamping systems. (Catalog 
197) DE-Sf A-CO, PO Box 2800, Troy, Ml48oo7; 810-
594-5600; hrcp:/lwww.destaco.com; E-mail : CUSt.srv 
@desraco.com. 

DE-STA-CO 
For More Information Write In No. 309 

ADVANCED COM
POSITE TRAINING 
Abaris Training offers 14 differenr 
"hands-on" workshops in advanced 
composite materiaJs technology. 

These workshops cover fabrication, 
repair, manufacturing, tooling. 
prine reading. adhesive bonding, 

ultrasOnic inspection of composites, resin rransfer molding. 
and several engineering workshops. Emphasis is placed on 
glass, carbon, and aramid fiber materials and processes, uti
lizing vacuum bagging, and oven and autoclave curing. 
Three workshops are Canadian D.O.T. approved. For a free 
brochure, call roll-free: 1-800-638-8441; Fax: 702-827-
6599; http://www.abaris.com. Abaris Training Resonrces, 
Inc., 540 I Longley Lane, Suite 49, Reno, NY 8951l. 

Abaris Training Resources, Inc. 
For More Information Write In No. 312 

IDIf'AIR _ VORTEX TUBES 
Data sheet describes how 
EXAIR Vortex Tubes pro
duce up to 10,000 Bm/hr. 
with no moving parts. Tubes 
convert an ordinary supply 
of compressed air into two 
streams: ODe hot and one 

cold. Temperatures 3rt: 

-50'F wlth no moving partsl adjustable from -50· to 
+250·F. Bulle(in highlighlS 

advantages for a variety of industrial cooling applications. 
EXAIR Corporation, 1250 Centu ry Circle North, 
Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 513-
671-3363 ; E-mail: techelp@exair.com; hnp:/! 
www.exair.com. 

EXAIR Corporation 
For More Information Write In No. 315 

CONSTANT
TEMPERATURE 
SOLUTIONS FOR 
SEMICONDUCTOR 
INDUSTRY 

-.=:.=-- NESLAB ino-oduces iu new prod-
uct catalog. featuring constant-tern

perature equipment designed specifically for the semicon
ductor industry. This catalog includes features, specifica
cons, appLicarion ups, and customizing options available 
including refrige.ration. conuoUer, pump, fluid. beater, 
and electrical specs. For more information conracr Terri 
Pruett, MaIketing Coordinator, NESLAB Instruments, 

Inc., PO Box 11 78, Portsmouth, NH 03802-1178; 603-
430-2251 ; FAX 603-436-8411. 

NESLAB Instruments Inc. 
For More Information Write In No. 318 

COMPUTERS AND 
ELECTRONICS 
Circuit Specialisrs, Inc., in busi
ness for 25 years, has released the 
new Fall/Winter 1996 catalog. 
This 132-page catalog has over 
9,000 producrs including indus
trial & personal compurers, com
puter peripherals, board level data 

acquisition & canuol products, test equipmentj motion 
control products, educational laser & 6ber optics, wiring 
products, & much more! Circuit SpecialistS, Inc., 220 S. 
Country Club Dr., Bldg. 2, Mesa, AZ 85210; 24-hour cat
alog request line: 800-811-5201, ext. 5; Pax: 602-464-
5824; hrrp;/Iwww.cir.com. 

Circuit SpeCialists, Inc. 
For More Information Write In No. 310 

S-VHS 
CASSETIE DATA 
RECORDERS 
New datapack on Ava lon's 
1997 range of high-perfor
mance recorde rs. Analog 

recotding [0 12 MHz. Digital 
recording to 8 Mbps. Single-
and multi-channel units for 
static, mobile, and MIL-SPEC 

applications such as intelligence gathering, ASW, wide
band telerneuy; radar signarure recording, etc. Avalon 
Electronics, Inc., 98 Blacks Mill Drive, Dawsonville, GA 
30534; Tel: 800-797-1337; Fax: 706-2 16-2485; E-mail: 
aveli nC@stc.net; hnp://www.aval.demon.co.uklavalon. 

Avalon Electronics, Inc. 
For More Information Write In No. 313 

~L ::: ._- Bow& 
Pnsme 

NEW LEVEL, FLOW 
AND PRESSURE 
SENSORS CATALOG 
New 232-page catalog (more than 
350 standard produCts) is now avail
able from The Fluid Sensor 
People™ at GEMS! In addition to 

the thousands of sensor variations for OEM design engi
neers, the full-color Qwik Piks TM Section showcases hot 
produCts and cool tips for novices and experts alike, plus 
same-<lay shipping! Sensor technologies include: ulrrason
ic, electro-optic, fiber-optic, float, conducdvity. Hall 
Effect, CVD transducers, and more. Gems Sensors, 1 
Cowles Rd., Plainville, CT 06062; Tel: 800-321-6070; 
Fax: 860-793-4500. 

Gems Sensors 

For More Information Write In No. 316 

~
~ VESPEL® POLYIMIDE 
==-.- PARTS & SHAPES 

• DuPont Vespel® pans offer reliability 
s. and durability for semiconducror man-

__ .' ufacruting. These high-performance 
•• componc:ms can reduce COSts through 

longer Ufe and extended maintenance inrervals versus 
quarrz and ceramics. Vespel® parts perform at high tern
peratures, resist chemical attack, and exhibit superior 
cleanliness, dimensional stability, and dielecrric perfor
mance. Applications include clamping rings and other - in 
chamber" applications, wafer handling and processing, 
and IC handling and teSting. DuPont Engineering 
Polymers, Barley Mill Plaza, Bldg. 22, PO Box 80022, 
Wilmington, DE 19880-0022; Tel: 800-972-7252. 

DuPont Engineering Polymers 

For More Information Write In No. 319 

~"''''''.nasalech .com 

HI-TEMP SOLUTIONS 
WORLDWIDE 
Arernco produces high-temperature 
ceramics, adhesives, coatings. seal· 

antS. [apes, greascs, casrabies l and 

porting compounds. These materials 

~====~ are used throughout industry in the 
design of sensors, electrical componentS, and anal)'tical 
instrumentS. as well as the mai.nrenance of high-tempera
mte industrial process equipment. Aremco also produces 
dicing equipment and screen printers which are used in 
the processing of electronic and rechnjcal ceramics. 

Aremco ProduCts, Inc., PO Box 429, 23 Snowden Ave., 
Ossining, Y 10562-0429; Tel: 914-762-0685; Fax: 
914- 762-1663. 

Aremco Products, Inc. 

For More Information Write In No. 311 

WASHERS AND 
SPACERS 
Boker's free 40-page Catalog ' 97 
offers mo re than 12,000 non-stan
dard sizes with no too l cha rge. 
Outside diamete rs of 0.080" to 
2.631", a wide variety of inside Warn

erers and thicknesses, and 2,000 material variations cre
are millions of possibilities. Materials include low carbon, 
cold-rolled strip, and sheet steel; five types of spring steel; 
srainless steel; aluminum; brass; copper; nickel silver; and 
non-metallic materials such as Delrin®, Teflon®, Mylar®, 
and nylon. Merric sizes also. Boker's, Inc., 3104 Snelling 
Ave., Minneapolis, MN 55406-1937; Tel: 800-927-
4377; Fax: 612-729-8910; hrrp:llbokers.com. 

Boker's Inc. 

For More Information Write In No. 314 

FREE LINEAR 
BEARING DESIGN 
TOOLS 
A comprehensive 70-page techni
cal printed catalog is available and 
is duplicared electronically on 
disk, CD-ROM, and website 
forms. Selection software allows 

the designer ro select produCts automalically via input of 
appHcation criteria, and perform instant calculations of 
life and moment load formulas. CAD drawings may be 
viewed and impof(ed direccly into the CAD system. Del
Tron Precision rnc. , 5 Trowbridge Dr., Berhel, CT 
06801; Tel: 800-245-5013; Fax: 203-778-2721; E-mail: 
delrron@deltron.com. 

Del-Tron Precision Inc. 
For More Information Write In No. 317 

MOTION 
CONTROL 
Oregon Micro Systems' 
new motion control 
product guide - a full 
line of mulri-axls con
trollers with up ro 8 
axes on a single board. 
Thanks ro exclusive 
patented technology, 
OMS motion con
trollers have higher reli

ability and lower cases. Shipment is from stock for imme
diate delivery. Oregon Micro Systems Inc., 1800 NW 
169th Place, See. CIOO, Beaverwn, OR 97006; Tel: 503-
629-8081; Fax: 503-629-0688. 

Oregon Micro Systems Inc. 
Por More Information Write In No. 320 
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LITE 

STATIC 
ELIMINATORS 
EXAIR-Ioni= improve Stacie 
and dust removal in many 
applications and cont';n no 

radioactive dem<nt. Air-ddiv

cKd. ions nt'urraJiu stark and 
dean surfaces at disrances [0 

20 feet. Three styles. including 
air knife and blowgun, are 

avaHable. Applications include web cleaning, pre-paint 
auro body blowo/f, and neutralizing plastic pam. EXAlR 

Corporation, 1250 Century Circle orch, Cincinnui, 

OH 45246; Tel: 800-903-9247; Fax: 513-671·3363: E· 
maH: rechdp@exair.com; hnp:/Iwww.a.a;r.com. 

EXAIR Corporation 

For More Information Write In No. 321 

. .2_ '.Ii:. 

.JfJ;..:c 

ULTRA-LOW 
DISTORTION 
FUNCTION 
GENERATOR 

The DS360 provides [Otal harmonic distortion (TH D) 

bener than -100 dB. Functions include sine, square, twO

tone, white and pink noise. It has a frequency range of 1 

MHz to 200 KHz, 1 MHz frequency resoluDon, 25 ppm 
frequency stability, linear and log frequency sweeps, digital 

ourputs (AES-EBU and SPDIF/EIAJ) and standard RS· 
232 and GPIB computer in«rfaces. BNC, XLR, and 

Banana ourput connecrors provide easy inrerfacing to vir· 
tually any sysrem. U.S. List Price: $2,395. Sranford 

Research Systems; Tel: 408·744-9040. 

Stanford Research Systems 

For More Information Write In No. 324 

ALGOR 
PROVIDES 
I14-WAYu INFO 
ON THE WORLD 

~ ________ ~~DEWEB 
Algor's Internet place has dewled information on four 
product lines. Discover Houdini, Algor's automatic CAD 
solid model to 8·node "brick" mesh converter. Learn abour 

Algor FIlA, including case histories. Preview engineering 
videos, books and multimedia. Sec all new integrated pip

inglvessellplant design software. If you do not have lntemer 
access, call for ftee info. Algor. Inc.; E·mail: 
info@algor.com; URL: bttp://www.algor.com; Tel: 412-

967-2700; Fax: 412·967·2781. 

Algor, Inc. 

For More Information Write 10 No. 327 

----

MAGNETIC 
SHIELDING 
CABLE, CONDUIT 
SLEEVING & 
WIRE 

~'!~ nus lirerarure dewls applica-

'i:b;;;;;;,~~ rions for Magneuc Sbield's 
10 .. r-8 Weave cable, Spira

~~~!....J Shield Flexible conduit, CO· 

NETIC Braided Sleeving. and CO-NETIC AA Wire. 

Eacb product's specifications are described. All marerials 
are in stock. Custom variations are also avaHable. Magneuc 
Shield Corp., 740 N. Thorn .. Drive, Bensenville, IL 

60106; Td: 630·766-7800; Fax: 630·766-2813. 

MagnetiC Shield Corp. 

For More Information Write In o. 330 
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SPIRAL RETAINING 
RING CATALOG 
RR-95B 
Select from over 2,000 standard 

retaining rings, stocked in diamete .. 
from 1I2" to 16", in both English 

and memc sitts and carbon or slain

less "ed. Find all ring.izes in our newly released 56-page 
catalog. Use the Ring Selection Guide conlaining cables 
of ring series. The catalog contains comprehensive design 
formulas and data for marerials, shear, bending, RPM, 

installation $lrC$S, and groove design. Special rings are 
easy. roo! Smalley Steel Ring Co., 385 Gilman Ave., 

Wheeling, IL 60090; Tel: 847·537-7600; Fax: 847-537· 
7698; http://www.ringspring.com. 

Smalley Steel Ring Co. 
For More Information Write In No. 322 

LAMBDACHROME® 
La=,,~,,:,.· LASER DYES 

Lambdachrome® quality laser dyes 
from Lambda Physik, the leader in 

the excimerldye laser industry with 

over 25 years of experience. This 
complete compendium includes 
information on the most frequently 

asked questions, lasing wavelengths. 
solvena, and pump sources. Available at no charge with 

yout Sese dye order. Overnight delivery available. Lambda 
Physik, 1 nc .. 3201 W. Commercial Blvd.. Fon 
Lauderdale, FL 33309; Tel: 800.EXClMER or 954-486-

l500; Fax: 954-486-1501. 

Lambda Physik, Inc. 

For More Information Write In No. 325 

NEW INTERAC
TIVECD-ROM 
BASED ON 
ENGINEERING 
"BEST-SELLER" 

A comprehensive FEA CD-ROMftarbook that blends 

theory & real-world engineering examples. Dr. 

Constantine Spyrakos, well-known finite dement Stress 

and vib,.tion analysis apen. has created a reference for 
all engineers from designers (Q "gurus.' CD-ROM 

includes search capabilities, Intemer·type browser & 3D. 

fuji-color graphics. Hard- and soft-cover books include 
every example problem on disk. APD; Tel: 800·482-

5467; URL: hrrp:llwww.algor.com/apd; E-maii: 
apd@algor.com. 

APD 
For More lnformation Write In No. 328 

BORESCOPIC 
VIDEO SYSTEM 
The MCV-8000 borescoplc vid~o 
system couples any Machida 

borescope co a miniature, high-quali

ty color camera to creare the clearest 
images for review on a monilor 

screen. The portable MCV-8oo0 is a quick Set·up unit 
protected in a rugged, shock-moun red, shippable carry
ing case. The 1/2" VHS record/playback unit with 

microphone allows inspections to be recorded easily with 
nart:lcion. Machida's MCV-8000 borescope video system 

i. the professional choice for bigh.resolurion video 

inspection. Machida, lne.. 40 Ramland Road South. 

Orangeburg, NY 10962; Tel: 800-431·5420 or 914-365-
0600; Fax: 914-365-0620. 

Machida, Inc. 
For More lnfonnation Write In No. 331 
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UGHTSOURCESFOR 
RESEARCH NEEDS 
Looking for small, bright point 
sources or large, collimared, uniform 

beams? From lOW [0 1000W 

sources, for siogle wavel.ngths or 

broadband radiation, including Out· 
put char simulates the solar spectrum, our pulsed and CW 
sowers represent the most complete line of UV ro IR 

sources avaHahle £Oday. Cboose from deuterium. :uc, and 
quartz rungsten haiog<n lamps and IR dementS; calibrat
ed irradiance 5Ources; speccraI calibracion lamps; la.sers; 

fiber-optic and monochromator illuminators; flood expo
sure sources; and solar simulators. Oriel InscrumeDls, Tel: 
203·380-4375; Fax: 203·375·0851; E-m';l: res_sales@ 
orid.com; htrp:llwww.oriel.com. 

Oriel Instruments 
For More Information Write In No. 323 

SOLI DSTATE 
BACKLIGHTING 
SolidState Backlighting chat pro
vides brighter, more uniform light 
or lower power is described in a 

new dara sheet. These molded 
backlighting panels feature an 

ultta·thin design and are ideal for 
applications where power, brightness, and cost are prime 

design considerations. Panels as large as 3.5 x 5" can be 

backlit with as few as five LEDs. SolidState Backlighting 

is appropriacc fot use in 0 variety of electronic productS, 
as well as automotive applications. LUMITEX, Inc., 
8443 Dow Circle, Sttongsville, OH 44136; Tel: 216-

243-8401 or 800-969·5483; Fax: 216-243·8402. 

LUMITEX, Inc. 

For More lnformation Write In No. 326 

NEW KIND OF 
MULTIMEDIA 
VIDEO 
TEACHESFEA 
LESSONS 

Finiu Ekmmt AnalpiJ in Action! is a new kind of insuuc

tional video fnr engineers. Available on VHS "'pe or intet· 
active, multimedia CD-ROM, the video packs a lot of 

information intO a shon running time of only 26 minutes. 
Live lab experimenlS and FEA analysis are conducred to 

show how to benet use any FEA software. Demonsttares 

specific modeling and analysis techniques. Tel: 1-800-
482-5467; URL: htrp:llwww.a.lgor.com/apd.htm; 
E-maH: apd@algor.com. 

APD 

For More Information Write In No. 329 

MID-WEST 
EXPRESS STOCK 
SPRINGS 
CATALOG 

CWo 56-page Mid-West Express 
Stock Springs Caralog describes 

over 4.500 dilfetmrstock springs 
and spring kits avail.ble for 

immediate delivery. The catalog conwns specifications. 
price list. otder form and oth~r helpful inform.tion. 

~bcs complUSion. ateruion, torsion. dit springs and 
Belleville washers. Mid· West Express. Div. of Mid-West 
Spring Mfg. Co., 1404 Joliet Road. Uoir C, Romeoville, 

IL 60446; Tel: 800-346-1 400; Fax: 888-466-1400. 

Mid-West Express, Div. of 
Mid-West Spring Mfg. 

For More Information Write In o. 332 
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PREMIER TO 
THE 21ST 
CENTURY™ 
OMEGA Engineering is 
proud to announce <he release 
of ia latcst Data Acquisition 
Handbook, "The Un iversal 
Guide: to Data Acquisition 
and Computer Imerfaces -
Premier to che 21sr CenruryU< 

Edition." This new handbook conlllins GOO-plus pagcs of 
products and valuable « chnical information. Over 140 
pagcs are dedicated to new and unique productS. OMEGA 
Engineering; Tel: 800-TC-OMEGA or 203-359-1660; E
mail: info@omega.com; hrtp:llwww.omega.com. 

OMEGA Engineering 
For More Information Wrire In No. 333 

FREE DEMO 
CD-ROM 
Now you can tap into 
concise, validated, and 
accurately presented data 
for design and perfor
mance analysis. PtOvided 
on CD-ROM are ESDU 
Fluid Mechanics, Internal 

Flow Dara !terns, and computer programs. These tools 
enable <he engineer quickly to optimize compressible and 
incompressible Bow system designs based upon independent
ly validared me<hods and procedures. Call todsy for more 
information and your FREE DEMO CD-ROM. ESDU 
International pic, London; Tel: +44 (0) 17 1 490 5151. 

ESDU International, pIc 
For MOIe Information Write In No. 336 

GILMONT 
FLOWMETERS 
FROM BARNANT 
Gilmont flowmeter, can be used 

for all critical flow monitoring applications. These 
Aowmerers are excdlent for high temperatures, pressures, 

and specialty gases. Fluid contacts only glass flow rube, 
glass or SS float, and Teflon stOPS, ideal for high-purity 
and superb chemical resistance. Gilmont Bowmerers can 
be calibrated for most liquids and gases. Computerized 
flow tables are available. Calibrated/correlated and com
pact direct reading flowmcrers are offered. Barnant 
Company, 28W092 Commercial Ave. , BarringtOn, TL 
60010; Tel: 800-637-3739 or 847-381-7050; Pax: 847-
381 -7053. 

Barnant Company 
For More Information Write In No. 339 

POWDER 
METALLURGY 
DESIGN 
SOLUTIONS 
This 20-page brochure, pub
lished by the Powder 
Metallurgy industry trade 
association, is yours free for 
the asking. It feacures cost
effective design solutions 

and new ways ro handle parts fabrication. Metal Powder 
Indusrries Federation, 105 College Road East, Princeton, 
NJ 08540; Tel : 609-452-7700; Fax: 609-987·8523; 

hrtp:/lwww.mpiEorg. 
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Metal Powder Industries 
Federation 

For More Information Write In No. 342 

Id 
CALIBRATOR OFFERS 
EXCEPTIONAL 

... VERSATILITY 
The CL328 calibrator offers aceptional 
versatility and laboratory performance 

,vith a portable construction for field usc. Model CL328 
signal simulator/analyzer simulraneously will read and 
source any combination of process milliamp and voltage 
signals. Calibrate sta«-of the-art equipment such as smarr 
transmitters and indicarors with your Model CL328, and 
a full , five-rugit resolution lets you check any type of pro
cess conrrol equipment. Priced at $1 ,295. For more infor
mation, use OMEGAfax and request Docurnem #1690 
by calling 800-848-427 1; E-mail: info@omega.com; 
hrtp:llwww.omega.com. 

OMEGA Engineering 
For More Information Wtite In No. 334 

.=-

.=-
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SENTRrM SERIES 
BRUSH LESS 
SERVOMOTORS 
New se leerion guide p rovides 
detailed specifications and selection 
information for <hese high-perfor
mance servomotors. SENTRY ser-
vomo[Q rs feat ure rbe ind ustry's 

highest torque per frame size. Available in NEMA 23 and 
34 frame sizes, SENTRY servomocors meet the mosr 
demanrung torque, velocity, and/or positioning applica
tions with a medium inercia design for improved load 
matching. Pacific Sciendfic, Moror Products D iv. , 
Rockford, 11.; Tel: 815-226-3100; Fax: 815-226-3080. 

Pacific Scientific, 
Motor Products Div. 

For More Information Write In No. 337 

'97 ELECTRONIC 
HARDWARE 
New from Glo be Electro n ic 
Hardware comes the 1997 revised 
240-page catalog, which provides 
complete engineering dimensions 
and specs ror our precision elecrron
ic hardware. ProductS include Stand

offs, spacers, captive panel screws. retainers. handles. fer
rules, rhumb screws, shoulder screws, washers, -and other 
components .in American and meuic standards. Materials 

include aluminum, brass, sted, stainless steel, nylon, phe
nolic, and Teflon. Globe Electronic Hardware; Tel: 800-
221-1505 or 718-457-0303; Fax: 718-457-7493 ; 
http://www.g1obe-e1ec-hdwe.com. 

Globe Electronic Hardware 
For More Information Write In No. 340 

1997 PCMCIA 
PRODUCTS CATALOG 
The new PCMClA-PC CARD stan
dard has been incorporated into 

many new applications such as: Dara
logging, agriculture, rugicol film. and 
wireless communications. Envoy 
Data bas JUSt released irs new cacolog 

for these new applications plus many orber productS like: 
memoty, I/O (serial, parallel, SCSI, AlD, ere.) cards; PC 
card drives for ISA, IDE, SCSI, etc.; along wi<h induscrial 
card and drives, multimedia. indUStrial. and engineering 
tools for PCMCIA applications. Envoy Data 
Corporation, 6 E. Palo Verde, #3, GUbeIt, AZ 85296; 
Tel : 602-892 0954 ; Fax: 602-892-0029; E-mail : 
info@envoydaca.com; htrp:llwww.envoydaca.com. 

Envoy Data Corporation 
For More Information Write In No. 343 

"",w.nasalech .com 

AVIONICS 
COMMUNICATIONS 
SOLUTIONS 
Request your FREE info-pack on 
Sysrran's complere line of avionics 
communications solutions. Board

level products include replicated 
shared-memoty nerwork interfaces, 

Fibre Channel host bus adapters and swirches, UO IP 

modules, and 1553 productS. Support is available for var
ious buses such as VMEhus, VXJbus, Sbus. GIO, EISA, 
ISA, PCI, PMC, and PCMClA. Sysrran Corp.; Tel: 937-
252-5601 or 800-252-5601 ; Fax: 937-258-2729; E-mail: 
inro@SYSrran.com; hrtp:llwww.systran.com. 

Systran Corp. 

For More Information Write In No. 335 

POWERPACTM HYBRID 
STEP MOTORS 
Fou r-color brochu re detai ls Pacific 
Scientifics powerful new line .of hybrid 
seep motors. Brochure reviews product 

options and benefits for N and K series 
steppers, which are available in NEMA 34 and 42 frame 
sizes. POWERPAC has <he highest torque per frame size 
in the industry, up to 5,700 .oz-in. (356 Ib-in.) . T hese 
motors meee demanding motion require.menrs and are a 

cost-effecrive a1eernarive te serve motOrs in applications 

with moderate speed requirements. Pacific Scienrific. 
Motor Products Div., Rockford, IL; Tel: 815-226-3100; 
Fax: 815-226-3080. 

Pacific Scientific, 
Motor Products Div. 

For More Information Write In No. 338 

-=-~- AUTOMATION 
CONTROLS & 
COMPONENTS 
New Auto mation Con trols & 
ComponentS Selector Guide pro
vides .overview of pneumatic and 

decrronic industrial automation 

components and controls avail

able from Festo. Over 90 product 
categories in 24-page brochure, covering conrrol systems, 
PLCs, Fieldbus manifolds, sensors, pneumatic cylinders, 
va1ves and accessories. Education/Training programs in 

automation conrrol technologies described. Contact: Festo 
Corporarion, 395 Moreland Road, Hauppauge. NY 
11788; Tel: 516-435-0800. 

Festo Corporation 
For More Information Write In No. 341 

BURLEIGH'S 
SURFACE TOPOG
RAPHY DIVISION 
Burleigh Instruments manufac
tures scanning probe micro

scopes and interferometric .opti
cal profilers. This family of prod
UCts can scan at.oms and up to 

1.75 mm in X and Y Z resolu
tion is accurate to a fraction .of an Angscrom while maxi

mum Z range is \OO~m. Burleigh Instruments, Burleigh 
Park, PO Box E, FIShers. NY 14453-0755; Tel: 7\6-924-
9355; Fax: 716-924-9072; E-mail: spm@burleigh.com; 
hrtp://www.burleigh.com. 

Burleigh Instruments 

For More Information Write In No. 344 
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New caalog dewls hundceds of 
standud gaskets and grounding 
S[cip va.riarions~ engineered ro 
meet die mOST cnmmon shidding 
applications. Stan dud as well .. 
CU5tom designed shields :an: manu

faaured from Beryllium. Coppet. and odler High-petlOr
man"" m2!eriais. Special finishes and a vaciel}' of mOunt
ing me<bods 2l'C offered. For World Class quality and ",r
vice call 201-S90-7455 or visit our Web Site at: 
HTTP://WWW.OMEGASHIELDING.COM; E-mail: 
SALES@OMEGASHlELDI G.COM. 

Omega Shielding Products Inc. 

For More Information Write In No. 345 

NUMATICS MARK 4 
SERIES 
Numatics introduces the MARK 
4 Series directional control valves, 
which arc minialure direcr 
solenoid and solenoid air pilot 
aCfU3ted valves in which all inrer· 
nal wiring has been e1iminared. 
MARK 4 oflj,rs true plug.rogether 

BtlCibiliry and tlCpandabiliry ro meet design requirements 
and serial/bus communication intermce options. Fearures 
include: Z-board'" electrical interface tbar eliminates 
wiring within me manifold; plug-rogether modular discrete 
inputs/outputs; plug-in speed conrrol sandwich; and meets 
NEMA 4 specifications. Numatics; Tel: 810-887-4111; 
hnp:llwww.nwnatics.com (reference catalog #LTMK4-1). 

Numatics 
For More Information Write In No. 348 

INSTRUMENT DATA 
ACQUISITION 
The SofewareWedge'" directs 
serial (RS232, RS485. RS422) 
data from any instrument into 
any Windows 3.x, 95. or NT 
applications sucb as Excel. 
HMls, statistical. and control 
applications. Collect data ftom 

and conrrol PLCs, bar code scanners, laboratory. process 
and qualiry control instruments. etc. lf you would like 
informarion or have any quc.s.cions, please contact TAL 
TechnologiO$. Inc., 2027 Wallace treet. Philadelphia, PA 
19130; Tel: 800-722-6004 or 215-763-7900; Fax: 215-
763-9711; hnp:/Iwww.talrech.com. 

TAL Technologies, Inc. 

FREE DRIVE 
COMPONENT 
LIBRARY 
F~arures ov~r 52.400 off-rhe-

cial and precision small drive 
components. These five new 
caalog> include rechnical speci

fications lOr om 13.000 gears (0190); 7,900 sha/is, bear
ings. and couplings (0200); 18.300 riming bdt drivO$ 
(0210); 9.400 design components (0220); and Faidoce 
hub fastening components (D240). Stoc:k Drive 
Products/Sterling Instrument. New Hyde Park. NY; Tel: 
516-32&-3300; Fax: 800-737-7436; hnp:l/www.5<lp.si.com. 

Stock Drive Productsl 
Sterling Instrument 

for More Information Write In No. 354 
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1997 
CALIBRATION 
STANDARDS 
CATALOG 
All new free 1997 catalog of 
mcuology calibation stan

duds lOr swface conamioa
cion, critical dimensions] 
film thickness. surface pro-

.. . .... . ..... . . filing. roughness. resistivity. 

and much more. All important for ISO 9000 ""rtifica
don. Also. valuable informarion on calibration science 
and services. VLSI Sandatds. 30S7 North First St .. San 
Jose, CA 95134; Tel: 408-42S·ISOO; Fa: 408-428-9555. 

VLSI Standards 

For More lnformation Write In No. 346 

ACCELEROMETERS 
New lOS-page catalog of 
Enrran's Accelerometers with. asso

ciared power supplies. amplifiers 
& signal conditioning. A broad 
selection: miniacure [0 rugged, 
low and higb ranges. wide fre
quency response for static and 

I!:::~====::::!J dynamic. Both damping and 
overrange stops available. Ideal for acceleration. vibration 
& shock resting in aerospace, industrial, automotive, miti
rary & re •• uch applications. Many items io 'Off-the
Shclf' srock. EDtran Devices. Inc., 10 W .. hington Ave., 
Fairfield. NJ 07004; Tel: 8S8-8-ENTRAN; Fax: 201-
227-6865; E-mail: sales@entran,com; http://www. 
entran.com. 

Entran Devices, Inc. 
For More Informacion Write In No. 349 

AIR KNIFE FOR 
BLOWOFF 
The EXAlR-Kni!i: rmuces air con
sumption and noise levels on a 
wide range of bJowoff applications. 
Using a small amount of com
pressed air as a power source, me 
air kni!i: pulls in large volumes of 
surrounding air ro produce a high

Bow. high-veIociry curI2io of air lOr blowo/[ Compressed air 
Bow is amplified 30: 1. Six silOS up ro 36" in length are avail
able. Applicuions include: blowing liquid, c1Ups. and con
ouninanr from parts and conveyors; cooling hot pans; and air 
screening- EXAIR Corporation. 1250 Cenrury Circle North, 
Cincinnati. OH 45246; Tel: 800-903-9247; Fax: 513-6]1-
3363; E-mail: rechdp@cxakcom; http://www.aaitcom. 

EXAIR Corporation 
for More Information Write In No. 352 

RUGGED 
......:"- MINIATURE 

SWITCH 
The Series 70 is an envi· 
ronmentally rugged line 
of lighred and unlighted 
switches. Wet. dusry or 
oily dury. DPDT MOM 
or ALT switch acrions. 
Mounts on 0.700' cen
ters with 0.S80· depth. 

Lighted pushbunons US<! T-I MFB I=ps. Vatie<y of dis
play types. colors, and sryles. SucoSwitch, 1139 Baker 
St., Cosa M .... CA 92627; Tel: 714-549-3041; Fa: 
714-549-0930. 

StacoSwitch 

For More Infonnation Write In No. 355 

WW'\.nasalech.com 

FREE PC & PCMCIA 
SOLUTIONS 
HANDBOOK 
Quatech'$ detailed handbook cov
ers our extensive Iio~ of qualiry 
communication, data acquisition. 
and industrial control products 
for PCMCIA and desktop PCS. 

New lOr 1997 2l'C a unique 4-pon RS-232 PC Card, 12-
& 16-bir PCMClA data acquisirion systmlS, and a cus
rom configurable IndUStrial Test & Measurement System. 
Product overviews, photos. and complete rechnical speci
fications are provided. For a free copy. call 800-553· 
1170; E-mail: saJes@quatecb.com; or vi,it our ~b site 
at: bttp:llwww.quarech.com. 

Quatech, Inc. 
For More Information Write In No. 347 

---._----------

OLYMPUS HIGH
SPEED VIDEO 
CAMERA 
New Olympus Encore"" video 
camera lets you pinpoint prob
lems in high-speed industrial 
equipment. It digitally records 
up ro 2.000 frames pet second 
and provides insant. variable

speed slow-motion replay for analysis. Ideal for manufac
turing, resting. QC. and research applicarions. 
Compatible with Olympus fiberscopes and borescopO$. 
Olympus America. Inc., indUStrial ProduCtS Group, Two 
Corporate Center Drive. Melville, NY 11747-3157; Tel: 
800-<i46-5260; http://www.olympusipg.com. 

Olympus America, Inc. 
For More Information Write In No. 350 

PRECISION 
COMPONENTS 
CATALOG 
PIC DO$ign's comprehensive 
C.taIog 43 is bigger and ber
rer than ever - 288 page, 
including prtdsion Gears, 
Modulu Framing Elements. 
Linear Motion Sysrems & 

Positionmg Tables, and tlCpanded lines of Lead Screws & 

Nuts. Bdts & Pulleys. Ball Slides, Shoulder Screws. 
!karings. Shafting, Couplings. and more. all in inch and 
metric $Il~. Ordering from the catalog is easy - major 
credit cards now accepred. PIC Design. PO Box 1004, 
MiddJebU<y. CT 06762; Tel: 800-243-6125; Fax; 203-
758·8271; E-mail: inlO@pic-design.com_ 

PIC Design 
For More lnfonnanon Write In No. 353 

MONITOR, 
RECORD & 
ANALYZE 
Astro-M.d·s 32-channd 
recorder with built·in 
monitor. 170 Mbyte lnt.r
nal bard drive and front· 
panel floppy drive i. 
described in this illustrated 
2O-page brocbure. The 
unir. called rhe MT95K2. 

features au:aorrlinary capabilities including mItt on-board 
analysis programs, Wmdows host contrOl. Wmdows dara 
analysis, and a wide variety of sophisticated data caprure 
opnons. Tel: SOO-343-4039; Fax: 401-822-2430. 

Astro-Med Inc. 

For More Information Write In No. 356 
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R. P. Cargill. s Special ry 
Optical Liquids catalog fea
tures high- transmission , 

safe-handling laser liquids 
plus fused silica matching 
liquids and specific refrac
[ive-index liquids (1.300 to 

2.11 nol. The catalog now 
includes comparative dia

grams of glasses and optical Iiqllids . R. P. Cargille 
Laboratories, Inc., 55 Commerce Road, Cedar Grove, 
NJ 07009-1289; (201 ) 239-6633; (201 ) 239-6096. 

R. P. Cargille Laboratories 

For More Information Wrire In No. 357 

VACUUM VALVES 
VAT's 192-page ca[a1og con
cains detailed informadon on 

the widest selection of qualiry 
vacuum valves in the industry: 
Gate, angle, fast closing, throe
tle. pressure contro!' retrofit. 
and customized valves. Using 
innovative sealing [echnology, 

...... ~ both elastome[ and all-metal, 

[hey are ideal for applications such as pump isolation, load 
locks, beam lines, and other vaCUllffi applications. VAT, 
lnc., 500 W. Cummings Pk., Wobttrn, MA 01801; Tel: 
617-935-1446; Fax: 617-935-3940; E-mail: usa@ 
vatvalve.com; http://www.vatvalve.com. 

VAT, Inc. 

For More Information Write In No. 360 

CUSTOM 
PRECISION 
POTENTIOMETERS 
FREE, all-new 1997 Betarronix 
Custom Precision Potentio

meters Catalog provides back
ground on industry-leading 
design and manufactttring capa
bilities. Betatronix has manufac

tured conductive plastic and wirewound potentiometers 
for 30 years. Ca[a1og covers linear & rotary motion, 
aerospace & missile, outer space, and robotics & anima

nonics applications. Full-color photos and mechanical 
parameters afC featured. Berarronix. Inc. , 110 Nieon 

Coon, Hauppauge, NY 11788; Tel: 516-582-6740; Fax: 
516-582-6038. 

Betatronix, Inc. 
For More Information Write In No. 363 

FREE DATA 
ACQUISITION 
CATALOG 
UEI's ca[a1og gives you full 
specs for data acquisition boards 
which are DSP-enhanced and 
provide 16 channels a[ 1 MHz 
continuous AID . Opeions 
include on-board simultaneous 

sampling and individual progtammable gain amplifi.ers for 
all channels. Also available: 16 birs a[ 200,000 samples/sec. 
Describes UEl's new PowerDAQ'" boards for the PCI 
bus, to be released July ' 97 . UEI , 10 Dexter Ave. , 
Wuenown, MA02172; Tel : 800-829-4632; Fax: 617-
924- 1441 ; hcrp:llwww.ueidaq.com. 

United Electronic Industries 
Por More Information Write In No. 366 

Hiram Jones Electron
ics, Inc.! A Division of 
the eastrom Hardwate 
Group manufactures a 
complete line of Stan

dard miniatllre and sub
miniature terminals 
including: insulated rest 
jacks, assembled stand
offs and press-type ter
minals. All standard ca[
a10g i[ems are available 
for immediate pricing 

and delivery. Call today fo[ your free 27 -page ca[a1og: 
800-634-2356. 

Hiram Jones Electronics, Inc. 

For More Information Write In No. 358 

THE BEST 
ALTERNATIVE 
TO FAST 
FOR FREE 
Try FIELD VIEW, [he 
World's Leading CFD 

Posr-processor, free for 90 days. FIELDVlEW enables you 
to CUt and plo[ easily across multi-block grids, unstrUc
tured meshes. or analyze resuics on rransient simulations. 
and is fully supporred on all UNIX workstations (i nclud
ing SGI Rl0000) and PCS. Intelligent Ligh[, 1099 Wall 
St. West, St<. 387, LyndhllrS[, NJ 07071; Tel: 800-887-
8500; Fax: 201-460-022 1; hrtp:llwww.iligh[.com. 

Intelligent Light 

For More Information Write In No. 361 

ESCAPEMENTS 
FOR COST
EFFECTIVE 
PARTS FEEDING 
Series 160 Escapemenrs are 
ideal for isolating and feed
ing individual parts from 
vibratory feeders. maga

zines. or hoppers. Internal 
inted ocking pin ensures 

that both rods are extended before either rod can retrace. 
Available in standard and heavy-duty versions. Send for a 
free catalog today. PHD, Inc., PO Box 9070, Fort Wayne, 
IN 46899; Tel: 800-624-8511 ; Fax: 219-747-6754; 
hcrp:llwww.phdinc.com. 

PHD, Inc. 
For More Information Write In No. 364 

JOURNAL OF 
MATERIALS 
ENGINEERING & 
PERFORMANCE 
Subscribe for one year and save 
20%(first-time subscribers 
only). This journal presents 
information coveting all aspects 
of materials selection, design, 

characterizarion. processing. rcS[ing. and performance 

used in engineering applications, including case studies, 
technical notes, repores, and Ii[erarure abstraCtS. Call 800-
336-5152 and mention cod.e 0438]MEG66 for a FREE 
preview package. 

ASM International 

For More Informacion Wrire In No. 367 

www.nasatech.com 

THE SOURCE 
FOR ELEC
TRONIC& 
MECHANICAL 
HARDWARE 
Seastrom takes pride in 

offering one of the widest 
selections of srandard e1ec
cronic and assembly hard
ware available from Stock. 
Seastrom's 66-A Catalog 

provides a complete source for over 45,000 produces. For 
a free 550-page catalog. caIJ 800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Write In No. 359 

Load Cells 
F ce/Torque 

Sensors 

Transducer 

...l:~~ 

NEW SENSORS 
CATALOG 
New cata log descri bes 
load. force, and torque sen
sors. Gram Sensors: from 
10 [0 1 K grams; Load 
CeUs: to 400K lbs.; Load 
Butrons: to 50K lbs.; Thru 
Hole Load Cells: [0 30 K 
Ibs.; Torque Sensors: to 
50K inllbs . ; and Load 

Pins. Transducer Techniques Inc., 43178 Business Park 
Dr., Temecula, CA 92590; Tel: 909-676-3965; Fax: 909-
676-1200; E-mail: [ti@[t1oadcells.com; hnp:/lwww. 
[cloadcells.com. 

Transducer Techniques Inc. 

For More Informacion Write In No. 362 

PLX HOLLOW 
RETROREFLECTOR 
BROCHURE 
Pioneers in the develo pmen t of 
hollow renoreAeewr [echnology, 
PLX can provide solutions where 
great optical stability and high
quality wave fronts are essential. 

The brochure features products 
designed fo r a variety of mili[ary, 

aerospace, industrial, and medical applications involving 
boresighcing. interferometry, and spectroscopy. For a free 
copy, concact Jack Lipkins at: PLX, 40 Jeffryn Blvd. , 
Deer Park, NY 11729; Tel: 516-586-4190; Fax: 516-
586-4196; E-mail: plx@netUSa.net. 

PLX 
For More Information Write In No. 365 

HITACHI NEW 
MEGAPIXEL 
CAMERAS 
Hi tach i Denshi has intro
duced two new mono
chrome video cameras, 
each providing over one 
million pixels of info[ma
[ion . Designed using 
Hitachi~s experience in 

L...!!!!!!II!!!!!!!II!!!!!!!!!!!!!!!!II!!!!_~ machine vision, medkal 
aod scieneific imaging, the cameras are provided wieh 
bom analog and digital OUtputs. Hi[achi Denshi 
America, L[d., 150 Crossways Park Drive, Woodbury, 
NY; Fax: 516-496-3718. 

Hitachi Denshi America Ltd. 
For More Information Write In No. 368 
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Product of the Month 
Keyence Corp. of America. Wooddiff Lake, /lIT, has intro
duced the CV Series Compact Vision System, a handheld 
machine vision s),stem lhat provides a processing time of 
1/60 sec., resolution of 240.000 pixels. 1/10,000 sec. syn. 
chronizing shuner. illumination adjustment. auto track· 
ing. paLlem matching, and gray search. Four image pro
ceo 'ing modes are available: area detection. pattern 
matching. absolute po ition detection, and relative posi. 
tion detection. The CCD camera is the same size as a sen· 
sor; the controller is the size of a micro PLC. The 'Stem 

does not require 111e use of a PC, and sensitivity and position do nOI need 
adjustmenl once the S)'Stem is set up. 

For More Information Write In No. 743 

Kestrel VWF350 multi-output ,,,ilch
mode power supplies from Advance 
Power, Solon, OH, deliver 350 watts 
of continuous output power. The 
units feature universal input of 85 to 
264 VAC and power faclor correction 
at 0.99. They are available in a stan· 
dard three-outpul lersion, or option
al fOUT' and fiVe-oUtpUl versions. 

Columbia Research Laboratories. 
Woodlyn, PA, offers 111e VM-I03-M1-8 
vibration monitoring system, which 
uses piezoelectric accelerometers as 
vibration sensors for monitoring 
rotating or reciprocating machinery. 
Up to eight accelerometers can be 
located up to 200 feet from the read
out module. The system supplies a 
readout calibrated in velocity and 
measure over a frequency range 
from 2 to 200 Hz. 
For More Information Write In No. 741 

GE Plastics, Pittsfield. MA, has 
announced MDI33 ULTEM® resin 
and polyphen)1ene oxide resin blend 
thaI provides heat and chemical resi .... 
tance, and dimen ional tabilil}. 
De.igned for use br molders, OEMs, 
and de igners in the manufacture of 
automotive switche, sensors, and 
bulb sockets, the material i bao;ed on 

LTEM polyetherimide resin, an 
amorphous polpner. 
For More Information Write In No. 742 

SchaeviLZ Sensors PS-IO.OOO silicon 
pressure transducer from Lucas 
Control S terns Products, Hampton, 
VA, features a pre sure range to 
10,000 p i and digital compensation. 
The unit's signal conditioner com
pensates for linearity and thermal 
error, and each unit enables a fre
quenc)' response of 3.000 Hz. 
For More Information Write In No. 745 
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brushless DC motors that can be 
configured for back EMF. Hall sen
sor, or optical encoder commutation 
applications. Features include gear
heads, timing-belt pulleys, cables and 
connectors, modified shafts, and spe
cial configurations. 
For More Information Write In No. 747 

Associated Spring-Raymond, Mawnee, 
OH, offers Raymond threaded 
inserts for thread repair and rein
forcemenL They are available in 
thread sizes of 2/56 to 1-1/2" in 
U],;C and UNF categories. Inserts are 
made of 18-8 stainless steel. and are 
offered in phosphor bronze. TIley 
are used to replace existing threads, 
as a bolt-locking mechanism in lugh· 
vibration applications. or to rein· 
force threads in soft metals such 3.\ 

aluminum or magneSium. 
For More Information Write In No. 746 

LeCroy, Chesmut Ridge, :-''Y, has 
introduced the LC374A color oscil
loscope, which feature. four input 
channels with 500 MHz band"idth 
and 1 GS/s sampling on each chan
nel. It offers a record length of 100 
Kpoints per channel and comes ",ith 
8 Mb of processing RAM, upgrade
able to 64 Mb. The unit is upplied 
"ith the ProBusT" Intelligent Probe 
Interface tbal enables use wilh a 
range ofFET probes. 
For more Information Write In No. 744 

I 

World's Fastest AID Cards 
for ISA and PCI Bus . 

500 MSPS 

CompuScope 8500/PCI 

• 500 MSPS, 8 Bit Sampling AID Card for PCI Bus 
• 100 MB/s Data Transfer Rate to PC Memory 
• Real-Time Capture to PC Memory at 100 MSPS 
• Up to 2 Meg Memory 
• Drivers for DOS, QNX, Win 3.1 , Win 95, Win NT 
• Support for HP VEE, LabVIEW, LabWindows CVI 

Many Other Models Available 

GaGa Call 1-800-567-GAGE 
Ask for extension 3405 

GAGE APPLIED SCIENCES (U.S.) INC. 

1233 Shelburne Road, Sune 400. South Burlington. VT O~ 
Tel: 1-1100-567-4243. Fax: 1-1300-780-841 1 
e·mail: prodlnfoOgage·applled.com, web site: hHp:llwww.gage-applled.com 

4 2 4 3 

Ftom ouIa6de"U.8 cotUC:tGagil _SCS10so. F'*'C, MonIrNf, OC, Canada, ti'S lAiT.: 514-"37-6893 Fax:: 514-3l7 ...... 

For More Infonnation Write In No. 426 

LOW OUTGASSING 
ADHESIVES 

Designed To Your SpeCifications 

MASTER BOND 
SUPREME lOHT EPOXY 

• One-part system 
• Outstanding bond strength 
• Fast cures at moderate 

temperatures 

• 400°F thermal 
stability 

• Void free cures 
• Long storage 

stability without 
refrigeration 

• Passes NASA 
outgassing test 

Master 
Adhesives, SeaJants & COIItIngs 

For More Infonnation Write In No. 427 91 
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For the tightest installations, Kaman's O.OBO-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non
magnetic materials, this sensor is only one of 
Kaman's 24 standard sensors that let you see small 
changes in position. Call us today for information. 

Kaman Instrumentation, 1500 Garden of the Gods Rd. 
Colorado Springs, CO 80907 Voice 719-599-1132 
Fax 719-599-1823 E-mail: info-cos2@kaman.com 
www.kamansensors.com/kaman 

800-552-6267 KAMAN 
For More Informat ion Write In No. 428 

.CUI STACK 

Take a bite out of resolver costs with our tough, 

submersible, industrial-strength, JR optical 

encoders. They survive harsh envi· 

ronments for about a tenth of what 
NSB Series 

you pay for resolvers . And w ith 

less displacement. Which helps 
NMC Series 

your design and your build cost. 

CUI/Stack supplies standard or cus-

tom components. You won't need an 

exceptional order to get exceptional 

NSC Series service. Call [800] 275-4899 for a On top of if" 
quick quote. Or fax your specs to [503] 643-6129. 

For More Information Write In No, 429 

Research Systems, Boulder, CO, has 
introduced lDL Version 5.0 visualiza
tion and programming software for 
engineers, sdenti LS, and software 
developers building data analysis and 
data visualization applications. It 
includes mathematics, statistics, 
graphics, image processing, map
ping, and data manipulation LOols, as 
well as IDL Insight, a pre-built graph
ical user interface. The software is 
available for Windows 3.1, 95, NT, 
Ma.cintosh, Power Macintosh, UNIX, 
Linux, and Open VMS. 
For More Information Write In No. 732 

Early Cost Estimating for Injection 
Molding version 2.0 Windows-based 
injection molding analysis software 
from Boothroyd Dewhurst, Wake
field , RI, provides cost estimates at 
any point in the product develop
ment process. Design engineers can 
obtain estimates for process parame
ters such as set-up time and cost, and 
mold time, a.l.lowing them to see the 
cOSt impact of material choice, wa.ll 
thickness values, tolerance specifica
tions, and other molding elemenLS. 
For More Information Write In No. 127 

VisSim/DSP modeling and simula
tion software from Visual Solutions, 
Westford, MA, integrates DSP algo
rithm design/ simulation with auto
matic code generation for develop
ment of DSP producLS and embed· 
ded systems. The Windows 95-based 
program is an add-on module to 
VisSim dynamic system modeling 
software, and features mathemati
cal , engineering, and scientific 
functions. 
For More .nformation Write In No. 733 

Autode k, San Rafael, CA, has intro
duced Mechanical DesktopTlof Re
lease 1.2 solid and surface modeling 
software for mechanical design on a 
Wmdows 95/ NT PC. The program 
includes an Express User Interface 
with a context-sensitive menu struc
ture; Edit-in-Place assembly function
ality; and enhanced ordinate dimen
ioning, editing, and displaying of 

ero hatch patterns, urface sealing, 
section views, and BOM generation. 
For More Information Write In No. 725 

Transom Technologies, Ann Arbor, 
MI, offers Transom Jack Vl.1 real· 
time human modeling and simulation 
software, which provide a 3D graph
ical environment enabling users to 
create or impon graphics of objects 
and environmenLS; populate the envi
ronment with a human figure or fig
ures; and interact with the virtual 
scene. Users can walk or fly through 
digital mock-ups of producLS, perfect 
product ergonomics, plan product 
assembly and maintenance proce
dures, and train operators. It runs on 
Silicon Graphics workstations. 
For More Information Write In No. 737 

Bendey Systems, Exton, PA, offers 
MoldDesignTM mold design software 
that generates designs from 3D solid 
model parts, automating the process 
of designing plastic and high.pres
sure aluminum injection molds. 
Users can choose from various com
ponenLS such as plates, leader pins, 
bushings, and ejectors for use in gen
erating the mold. The software pro
vides tools for designing the mold
cooling system and for generating a 
hill of materials. 
For More Information Write In No. 726 
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Ne"w,m1ilDisk 

Galactic Industries Corp .• Salem. rH. 
offers GRAMS/ !l2 Version 5 data ana1y
sis and management software for 
Wmdo~ NT and 95, Enhancements 
include Specual Workbooks, which 
provide a OJSLOrn emironment for pro
cessing and viewing data; network 
administration tools; and feawres such 
as improved printing options. an Array 
Basic Debugger fOT programming; and 
the ability to preview data files and 
open multiple files simultaneously. 
For More Information Write In No. 729 

Div.. Milwaukee. 'WI. has released 
BradyTRAXXTM data management 
software to help users track. store. and 
manage information about assets, 
tools. and supplies. The software is 
based on Microsoft® Access ™ and is 
available in single-user and network 
versions. It rullS on Windo~nl 3.1, 95, 
NT. or Windo~ for Workgroups and 
allows users to print bar code labels {or 
item identification. 
For More Information Write In No. 728 

Matta Datavision, Andover. MA. 
offers Euclid 3 Version 2 design soft
ware thaI enables designs involving 
large or complex models and assem
blies, as well as import/ export of 
large files from other CAD system . 
Tools include mechanism design, 
animation of!lD assemblies, mUltiple 
collision detection, interference con
trol. and multi-5Cenario/ multi-group 
simulations. It is available on UNIX 
platforms from Digilal Ujuipment. 
Hewlett-Packard. ilieon Graphics, 
and un. 
For More Information Writ .. In No. 730 

Continuum Builder Software from 
Continuum Engineering, Canoga Park, 
0\, is a motion programming software 
program that includes direct visual 
screen representations in three dimen
sions. Multiple changes in velocity. 
acceleration. and mOLOr run current 
levels; input and output inirialization 
values; x. y. and z motion program
ming; time delays; and other parame
ters can be performed through a touch
screen fea!lJl'C. It is compatible with 
Wmdows 3.xx, 95, and NT. 
For More tnformation Write In No. 736 
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Verbal Control Sui Ie voice control 
software from VoiS}'S International, 
NUlting Lake. MA, provides com
plete voice control of any Windows 
95-based PC, PCbased product, or 
software package by using voice com
mands. It can be embedded into PC 
based hardware and software. 
enabling selective verbal control. 
hands-free operation. and system 
security. The software suite includes 
Verbal Mouse, Verbal Keyboard. 
Verbal Navigator, and Verbal 
Explorer. The four functions are 
speaker-independent and allow use 
of a PC without the need for a manu
al mouse or keyboard. 
Fof' Mor. Information Write In No. 738 

CADMeasure™ 6000 CMM program
ming software from Miwtoyo. 
Aurora. IL, is a Windows NT system 
that provides multi-taSking and !l2-bit 
operation for graphical on-line/ oll'
line part programming for coordi
nate measuring machines (CMMs). It 
supportS measurement of non-pris
matic and prismatic geometry and 
can be combined witb AUIOCAD® to 
perform reverse engineering and 
other CAD functions, Features 
include automatic probe calibration. 
modeless operation, and user-selec
table tolerances. 
For More Information Write In No. 731 

DSP Development Corp. . Cam
bridge. MA. has released a native 
version of DADi P 4,0 data analysis 
and signal processing software for 
Window NT and 95, The software 
allows users LO work with data series, 
matrice , images, waveforms. and 
signals to perform graphical data 
analysis. mathematical and statistical 
anal is, data management. and FFf 
anal i. It includes the eries 
Processing Language, a program
ming language for additional cas
wmization_ Enhancements include 
messa.ge logging. dynamiC linked 
libraries. and a menu-driven import 
generator. 
For More Information Write In No~ 735 

"Sl1RFCAM a o .... d ~OI vncomprof'll s.a des gn fItfd d '.et 
dol.obOSf! 10.1001 .'" pl .. '"\("'OI,O" • 

(er! LHbtil." Stnlor l"ch,"I,,1 0"1,111'" alcroHh Cotp. 

SURFCAM Delivers. 
Version 7.0 is here. With dozens of shop-tested enhancements. 
SURFCAM's surface modeling, lathe and 2 through 5-axis 
machining are now joined by Z-Ievel cutting, improved turning 
and new interface features. New SURFCAM Solids integrates 
solid model ing. 

Whether you design in SURFCAM or any other system, 
SURFCAM cuts it. Gauge-free. 

Supported by manufacturing specialists worldwide. 

Let SURFCAM deliver productivity to your shop. 

800 .SURFWARE 
lei 818 ,991.1960 
fax 818 ,991.1980 
email sales@surfware.com 
web www.surfware.com 

For More Information Write In No, 430 

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

• Zero cyclic speed variation during 3600 rotation 
• Zero backlash 
• Very low elastic wind-up 
• low side thrust on bearings 

Call for 
free brochure 

• Set screw or split hubs available 

SeRVOMeTeR-
501 little Falls Road 
Cedar Grove, NJ 07009 

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

For More Information Write In No. 431 93 



S orbothane· patented visco
elastic material absorbs and 
dissipates unwanted energy 
and outperforms rubber and 
other materials by providing: 

• Shock Absorption 

• Vibration Isolation 

• Sound Damping 

• Standard Products 

• Cost-Effective Custom Molding 

Sorbo thane is the ultimate damping 
and isolation material 

Free brochure and 
prototype sample. 
330. 67B. 9444 

~oibolhanelnc. 
2144 Slale Roule 59, Kenl, Ohio 44240 ' lei 330.678.9444 fax 330.678.1303 

www.sorbothane.com 

For More Information Write In No. 432 

if you have an edge ... we have a trim! 

For over 25 years, 
the leader in 
flexible plastic 
and rubber 
extrusions! 

I 

e-mail: trimlok@deltanet.com 

coli 

toll-free ~=:~d~~j[]iE!~JE"IIII""."ilil 

714-562-0500 fax 714-562-0600 

6855 Hermosa Circle Buena Park, Ca 90622-6180 
94 For More Information Write In No. 433 

New'1hitet;ature 

A 1997·98 catalog of scientific instru· 
ments, equipment, and supplies is 
available from Cole·Parmer Instru
ment, Vernon Hills, [t. Included are 
more than 30,000 products, includ
ing a new line of polalimeters, laser 
equipment, and the MASTERFLEX® 
selies of pumps. 
For More Information Write In No. 722 

LaVezzi Precision, Glendale Heights, 
[t, offers a 32-page selection guide of 
more than 80 sprockets and rollers in 
rectangular tooth and round tooth 
configurations. The prockets are 
machined in stainless, hardened 
steel, aluminum, engineering plas
tics, or other pecified material. 
For More Information Write In No. 721 

Bishop-Wisecarver Corp., Pittsburg, 
CA, has released a 24-page catalog 
describing LoPro linear motion sys
tems in four sizes and with drive 
options including belt, chain, lead 
screw, and pneumatic cylinder actua
tor_ Designed to minimize installa
tion, the systems are available with 
three different wheel plate assem
blies. 
For More Infonnation Write In No. 718 

Non-Linear Systems. San Diego, CA, 
has released a six-page broch ure 
describing the Series 8000 signal con
ditioners, including Lransruitters, is0-
lators. and conveners. The signal 
conditioners use PIN configuration 
and allow input, output, and pecial 
function selectability and inter
changeabil i ty. 
For More Information Write In No. 720 

upelior Tube, Collegeville, PA, of
fers a H)-page brochure describing 
small-diameter metal tubing available 
in a variety of stainless steels, nickel, 
and nickel alloys. Applications in
clude aerospace. medical, nuclear, 
instnlmentation, automotive, and 
fabricated parts. 
For More Information Write In No. 715 

Paradyne ™ sealing systems are de
sclibed in a 72-page design manual 
from EGC Corp., Houston. TX_ 
Metall ic spring energized seals, 
rotary lip seals, and elastomer ener
gized seals are used as rod, piston , 
face. and flange seals in applications 
requiring resistance to extreme tem
peratures, chemicals, corrosion, 
wear, and pressure. 
For More Information Write In No. 717 

A 50-page catalog of industrial I/ O 
products is available from ACTomag, 
Wixom, MA. Featured are VMEbus 
boards, [SA bus cards, and IP mezza
nine modules for analog I/O, digital 
I/O, and commurucation functions. 
Accessories desclibed include signal 
conditioning systems, termination 
panels, cables, adapter, and soft-

Data loggers are descri.bed in a 28-
page brochure from ACR Systems. 
Surrey, BC. Canada_ Products include 
self-powered and pockel-sized de
vices that measure and record tem
perature. relative humidity, electric 
current, pressure, process signals, 
pulse frequency, and power quality. 
for More Information Write In No. 719 
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FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fr~ 130 page product catalog from Rolyn. 
world's largest supplier of "Off-the-Shelf' optics. 
24-hour delivery of simple or compound lenses. 
filters. prisms. mirrors. beamsplitters. reticles. 
objectives. eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co .• 706 Arrowgrand 
Circle. Covina. CA 91722-2199. (818)915- 5707. 
FAX (818)915-1379 

Easy to use 
Reliable 
Flexible 

Customized 

PC-Rased FREE TEST 
est Solutions SOLUTIONS 
Wl~WO~ CATALOG 

New. Fr<e. 64-page 
1997 PC-Bastd T cst 

Solutions Source 
Book from GrotCSt. 
Inc" ftafUrcs over 
100 PC-b....,d prod
UCts for ATE. data 
acquisition, and [est 

2£.o/Est0£ & mCl5urement ap-
L-_______ ~ plicaoons. Now prod-

uCts rearured include: NTSOOO CPU Commander
ROM Emulator. GT40/41-RFS 200MHz MuJriplaer 
Scanner. GT416-SM Series High Density Swirch 
Matrix. InrerV3 In-Circuit Faulr Detecrion/Analysis 
Board. and more. Gootesr. Inc.; call 800-330-9774 for 
your fru copy. or visir us on rhe Web at: 

htrp:llwww.geOtcsrinc.com. 

Geotest, Inc. 

Space Station T-Shirt 
Colorful rendition of orbiting space 
station superimposed dramatically on 
back of black shirt; image of Earth on 
front left side. 100% cotton. 
Adult L or XL Only U.S. $12.95 each! 

Space Coloring Book 
Fun and educational! Easy-to-under
stand descriptions of spacecraft and 
missions, with drawings for your 
young artist to color. 36 pp. 
$4.50 

Add $5.00 for postage. NY residents add 
sales tax to total. Mail payment 
(checkldraftJpostallexpress order). U.S. 
$ payable to : Associated Business 
Publications to Associated Business 
Publications, Dept. F. 317 Madison Ave. 
New York. NY 10017. U.S.A. For credit card 
orders caJI1-212-490-3999. 

"CanDo!' 

Whatever You Need in 
lnorganics -We'll Work 

With You to Make It I-fawen. 
• VirruaIly Any ~ or~: fbwdeIs, 

Evaporation Materials, Sputtering Targers 

• Quantities fran Ornms ro Thoosands 
ofKilograIm 

• The WorId's Widest 
Selection of Inorganics 

• Nearly AnyCompootion 

• 0Jst0m Manufucruring 

Call for Our free Catalog 

414-289-9800 

eERAe:.··· .. · 
407 N 13th SL ' PO Box 1178 ' Motwaukee. W153201 USA 
T.,4141289-9800 ' Fax 4141289-9805 
E-mail martc.etIngOcerat.COtn . Home Page www.tef2C.com 

yova IIHI[ iO~It! '01 IHIGBle! 
flOi"llD TO ptLL sell! n 

For More Information Write In No. 434 

The Technology Connection 
To Advertise Call (800) 944-NA5A 

"How To OHer Your 
Invention For Sale." 

We have helped hundreds of inventors and 
showed them how to offer their inventions 
for sale to businesses all over the world. 
No cost. Free Information. 

Call 1-800-537-1133. Kessler Soles 
(orp., (·47·7, Fremont, Ohio 43420. 
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Visualize your data with 

IDle, the lnuractivt Data 

Languagt, and see results in a 

whole new way. 

lD L software's array-oriented 

architecture is designed for 

high-performance processing 

of large, complex data. That's 

why it's me standard in the 

Easily cteate amazing graph- world's preeminent medical , 

ics with IDL software's military, engineering & sci-

accelerated 3D system. Want 

to spin or fly-through a 

surface? 0 problem. Shade 

and illuminate wim multiple 

light sources? 

I ' N P IDl 

ence organizations. lDL is so 

efficient that a few lines of 

lDL can do the job of hun

dreds of lines of C or Fortran. 

And , its object-oriented 

system lets you develop 

sophisticated applications 

from reusable code modules. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161



