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• Large color display for 
rea/-time data viewing 

Intuitive touch-screen interface 
simplifies setup and operation 

• Look-back while recording 
in real time 

• Up to 32 analog or digital 
input channels 

• Virtual Chart'" efficiently stores 
data while saving paper 

• Ethernet interface for command 
and control 

• High-resolution chart printing for 
clear, crisp traces 

www.astro-med.com/ev16 
For More Information Circle No. 518 





Getting your designs off the ground means working with the laws of motion and gravity. ot an easy task. Luckily, Carpenter can help 
You'll find more than 400 grades of specialty alloys, titanium, impact-resistant ceramics and other advanced materials. Parts forming tech 
nologies that meet your most demanding specs. And a battery of technical experts to conquer any design challenge. More than materials 



~arpenter has unmatched manufacturing expertise, extensive distribution, and 
R&D that never stops. All of which allow you to turn the laws of flight to your 
~dvan tage. For details, call1-800-654-6S43. Or visit www.caItech.com/aero 

@ CARPENTER 
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ucts enable you to 
analysis types .nto one event. Resultant 
forces from flow around this turbine were 
calculaled and then prOjected onto the 
object for a structural analySIS Other mul
tlphYSICS capabilities Include combining 
heal transfer With flUid f ow heat transfer 
With stat,CllranSlent stress and heat trans
fer With flUid flow and stress 

steady-state thermal processor helps pre
D ct temperature distribution due to ther
mal loading. Loadmg such as convechon, 
radiation conductiOn applied tempera· 
tures and surface heal fluxes can be 
added 10 an analYSIS for fasl. accurate 
results In the case 01 thiS 9ngmB casing. 
both conduct on and convection were part 
of the analYSIS of thiS 3· D solid model 

Algor has been developing FEA software since 1978. 
In 1984 Algor was the first company 

to offer FEA on PCs, which have evolved into the NT workstations of today. 
Algor offers the premier FEA software on PC workstations by combining ease-of-use and affordability. 

CAOKEY --

Prices start at just $975 for InCAD DesignPak. 

Autodesk Voyager 
Reg i stered Developer Member 

'All trademarks may be trademarks or registered trademarks of their respective owners. 

PARAMETRI C 
TE:CHNOLOCY 
CORPORATION 

~,.(,PART!,:~,~,S 

Algor, Inc. 
150 Beta Drive, PillsbJrgh. PA 15238-2932 USA 
Phone: .. l (412) 967-2700 
Fax: + 1 (412) 967-2781 
California: .. 1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
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This document was prepared under the sponsorship of the Na.tional Aeronauucs and pace 
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PRODUCT OF THE MONTH 

The MAX 200 digital document 
system from Xerox Engineering 

Systems, Stamford, CT, offers 
high-volume, wide-format digital 
print ing, scanning, and copying. 

18 
ON THE COVER 

These images of remote sensing data 
analysis were processed by ENVI® (Envi
ronment for Visualizing Images), 
NOeSYSTM, and IDl® (Interactive Data 
language) software from Research Sys
tems, Boulder, CO. The company's IDl 
Wavelet Toolkit for image and signal pro
cessing analysis is featured in this 
month's Special Coverage on Design and 
Analysis Software, beginning on page 30. 

(Images courtesy of Homestake Mining Com
pany, University of Utah (upper left image), 
and the NASA Airborne Sensor Facility.) 
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STORAGE PRODUCTS DIVISION (SPD) The 
2-year manufacturer 01 the onglnal Data Express and other 

D-ready storage enclosures IS explonng ne\\. waters. 
one, the worlds large 1 memo!) manufacturer, has 

a new sister company from It successful storage 
diVIsIon As of June 1, 2000 the new storage company WIll be 
known as LOrCase' Technology, Inc 

What " i ll this mean to you? \i Ith plans to add more 
dedicated resources, StorCase \\111 be able to further focus on 
new wrage products and bnng them LO market sooner. 
Because SLOrCase ""'Ill remam m the same faCIlities, you can 

oum on thiS being a seamless transition , maintaming the 
same quahty products, selVlce and suppon. 

torCase Technology - making a big splash on 
Its ovm For more details, call a StorCase 

representative at (800) 337-8421 or visit us al 

Ii StorCase-
'TeCHNO ,- OOY 

17600 Ncwho"" S".<t. F.un .... Yalley. CA 92708. USA (7H ) HII-1851l~ .. Q"l ~ i J8.18<7 C 2000 S.orCa5e T<clmology. lnc. 
aJ'C" the propt1ty of loor ttSpe'ClJVC ownttf 

For More Infonnatlon Circle No. 532 
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FRAME GRABBER 
HI*DEF Accura ™ 

1_25 'M 

1_50™ 

1_60™ 

IMASCAN 'M 

PIXELJITIER PIXEL RATE 
±0.5 ns up to 150 MHz 

±1 .0 ns up to 25 MHz 

± 1.0 ns up to 50 MHz 

±1 .0 ns up to 60 MHz 

±2.5 ns up to 20 MHz 

BITS 
10 bits 

8 MSB of 10 bits 

10 bits 

10 bits 

8 bits mono 
24 bits color 

FORESIGHT 
IMAGING™ 

978-256-4624 
info@foresightimaging.com 
www.foresightimaging.com 
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NASA 
Commercial 
Technology 
Team 

NASA.s R&D efforts produce a robust supply of promising technologies with applications in many 
indusmes. 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 (RITCs), the Naoonal Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 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 add itional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Space l angley Research Marshall Space 
Center Flight Center Center Center 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 Intelli- Aerodynamics; Materials; 
Life Sciences; Planetary gence and Flight Systems; Manufacturing; 
Earth and Science Human Computer Materials; Nondestructive 
Atmospheric Missions; LlDAR; Interface; Structures; Evaluation; 
Sciences; Cryogenic Life Sciences; Sensors; Biotechnology; 
Information, Systems; Human Space Measurements; Space 
Communications, Tracking; Flight Operations; Information Propulsion; 

and Intelligent Telemetry; Avionics; Sensors; Sciences. Controls and 

Systems; Remote Sensing; Communications. Sam Morello Dynamics; 

Human Factors. Command. Hank Davis (757) 864-6005 Structures; 

Carolina Blake George Alcom (281) 483-0474 s.a.morello@ Microgravity 

(650) 604-1754 (301) 286-5810 henry.l.davisl@jsc. larc.nasa.gov Processing. 

cblake@mail. ga/corn@gsfc. nasa.gov Sally Little 

arc. nasa. gov nasa.gov Kennedy Space 
John H. Glenn (256) 544-4266 
Research Center sally.little@msfc. 

Dryden Flight Jet Propulsion Center at lewis Field nasa.gov 

Research Center laboratory 
Selected techno- Selected techno-

Selected techno- Selected techno-
logical strengths: logical strengths: Stennis Space 

logical strengths: logical strengths: 
Command, Aeropropulsion; Center 

Aerodynamics; NearlDeep-
Control, and Communications; Selected techno-

Aeronautics Space Mission 
Monitoring Energy logical strengths: 

Flight Testing; Engineering; 
Systems; Range Technology; PropulSion 

Aeropropulsion; Microspacecraft; 
Systems, Fluids High Systems; 
and Fluid Temperature Test/Monitoring; Flight Systems; Space Systems; Materials 

Thermal Testing; Communications; Materials Remote Sensing; 
Evaluation and 

Integrated Information Research. Nonintrusive 
Process 

Systems Test Systems; Larry Viterna Instrumentation. 

and Validation. Remote Sensing; 
Engineering. (216) 433-3484 Kirk Sharp 
Gale Allen 

Lee Duke Robotics. (407) 867-6226 
cto@grc. (228) 688-1929 

(805) 258-3802 Merle McKenzie gale.allen-l@ 
nasa.gov kirk.sharp@ 

Iee.duke@dfrc. (818) 354-2577 ksc.nasa.gov 
ssc. nasa. gov 

nasa.gov merle.mckenzje@ 
jpl.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. 

Joseph Allen Dr. William Gasko Gary Sera Chris Coburn 
National Technology Center for Technology Mid-Continent Great lakes Industrial 
Transfer Center Commercialization Technology Transfer Technology Transfer 
(800) 678-6882 Massachusetts Center Center 

Technology Park Texas A&M University Battelle Memorial 
(508) 870-0042 (409) 845-8762 Institute 

Ken Dozier (440) 734-0094 
Far-West Technology J. Ronald Thornton Lani S. Hummel 
Transfer Cente r Southern Technology Mid-Atlantic Technology 
University of Southern Applications Center Applications Center 
California University of Florida University of Pittsburgh 
(213) 743-2353 (352) 294-7822 (412) 383·2500 

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 leam 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 maj or program offices t hat 
develop and oversee technology pro
jects of potential interest to industry. 
The street address for these strateg ic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 

Carl Ray 
Small Business 
Innovation Research 
Program (SBIR) & 
Small Business 
Technology Transfer 
Program (STIR) 
(202) 358-4652 
cray@mail.hq. 
nasa. go v 

Dr. Robert Norwood 
OHice of Commercial 
Technology (Code RW) 
(202) 358-2320 
rnorwood@mail.hq. 
nasa.gov 

John Mankins 
OHice of Space Fl ight 
(Code MP) 
(202) 358-4659 
jmankins@mail. 
hq.nasa.gov 

Terry Hertz 
OHice of Aero-Space 
Technology (Code RS) 
(202) 358-4636 
theriz@mail. 
hq.nasa.gov 

Glen Mucklow 
Office of Space Sciem:es 
(Code SM) 
(202) 358-2235 
grnucklow@rnail. 
hq.nasa.gov 

Roger Crouch 
OHice of Microgravity 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasa.gov 

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

NASA's Business Facilitators 
NASA has established several organi
zations whose objectives are to estab
lish joint sponsored research agree
ments and incubate sma ll start-up 
companies with significant business 
promise. 

Wayne P. Zeman 
Lewis Incubator for 
Technology 
Cleveland, OH 
(216) 586-3888 

B. Greg Hinkebein 
Mississippi Enterprise 
for Technology 
Stennis Space 
Center, MS 
(800) 746-4699 

Joe Boeddeker 
Ames Technology 
Commercialization 
Center 
San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 
Hampton Roads 
Technology Incubator 
(Langley Research 
Center) 
Hampton, VA 
(157) 865-2140 

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment, a question 
regarding a technical problem, or an answer to a previously published question, post your letter to Reader Forum on-line 
at www.nasatech.com, or send to: Editor, NASA Tech Briefs, 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864. 
Please Include your name, company (if applicable), address, and e-mail address or phone number. 

The ASAPatents column on page 1 
of the April issue feature a solid tate 

carbon monoxide sen or. Doe anyone 
know of a ource for uch a ensor? 

Tony Caristi 
info@amperite.com 

(Editor's Note: Tony, I suggest you contact 
the Commercial Technology Office at Langley 
Research Center in Hampton, VA, where the 
work was perfonned. Call 757-864-6005, or 
e-mail Sam Morello at s.a.lnorello@larc. 
nasa.gov.) 

Technologies Wanted 
As a regular part of Reader Forum, 

we'll be featuring ab tracts of Demand 
Pull Technology Transfer projects. These 
projects identifY technology needs within 
an indu try segment - such as As istive 
Technology - and find technology solu
tions to meet tho e needs. The Rehabili-

tation Engineering Re earch Center on 
Technology Tran fer has developed the 
Wheeled Mobility Project to identify 
market needs like tho e described below 
that repre ent significant bu ine op
portunitie . For more detail on the proj
ect - or to ubmit technology olution 
- vi it the project web ite at www. 
rti.org/ technology /wh eelchairs. 

Battery Monitoring Technologies 
Power wheelchair users need accu

rate knowledge of a battery' state of 
charge. An ideal battery monitor mu t 
be compatible with wet or gel elec
trolyte, lead-acid battery technology, 
and provide an accurate, in tantaneous 
measure of residual power - similar to 
a fuel gauge. It hould track battery 
degradation rate; tran late battery 
power into a percentage of capacity, 
time, or distance remaining; and pro
vide replacement alerts. The monitor 
must compile the charge/discharge/ 

recharge hi tory to develop an energy 
consumption profile for the u er while 
not interfering with wheelchair con
troller function. 

Transmission Technologies 
Power wheelchair use direct and in

direct transfer drivetrain composed of 
gears, belts, chain, and other mechan
ical elements that reduce motor peed 
while proportionally increa ing motor 
torque. 

An ideal transmission hould deliver 
high torque under high load, and pro
vide safe, reliable steering and accelera
tion through coordinated transmi sion 
gear shifting for both wheel. A hon
term olution would be a manual two-
peed tran mi sion; an intermediate so

lution would be an automatic two- peed 
transmi ion. Longer term, an automatic 
transmission with a continuou Iy variable 
gear ratio would increase performance 
and complexity. 





2 Gigabyte 
On-Board 

Acquisition 
Memory 

.. 8 bit, 500 MS/s 
AID Sampling 

.. 12 bit, 100 MS/s 
AID Sampling .. 16 bit, 2.5 MS/s 
AID Sampling 

32 bit, 100 MHz 
Digital Input 

".. Supports PCI Bus 
Transfers .. SDKs for DOS, 
Win 95/98 , Win NT, 
MATLAB, LabVIEW 

GageScope Software 

A Tektronix Technology Company 

Tel: 800-S67-GAGE Fax: 800-78D-8411 
e-mail: prodlnfo@gage-applied.com 

OutSide U.S. call51~·7447 or Fax 514-633-0770 

For More Information Circle No. 412 

Out,- 1M past thm Ikcatks, ~ has granted IIW7l than 1000 patmtliunses in virtuaU)' ~ arra of 
tKhno/ng)'. The agmcy has a portfolio of 3000 patmts and pending applications available now 

for license by businesses and individuals, including these m:ently patmted inventions: 

Soft-Sided Air Displacement 
Volumometer 
(u.s. Patent No. 5,948,977) 

Inventor: Steven F. Siconolf i, Johnson 
Space Center 

The tandard technique for measuring 
a patient' total body volume has been 
undenvater weighing, also called hydro
tatic weighing, which measure the dif

ference between a ubject's weight out of 
water and that ubmersed in \vater. The 
ubject' body volume equals the volume 

of di placed water. Although generally 
accurate, thi technique requires com
plete submersion of the person and max
imal expul ion of air from hi lungs. 
Such submersion may be impossible 
becau e of the patient's condition. Thi 
team propo e a oft- ided bag equipped 
with an air injector, a pressure transduc
er, and a recording device. The subject is 
placed in the bag, and it is sealed and 
pre oozed using the air injector to an 
initial pre sure level. One end of the bag 
is compre ed by rolling it up, and the 
pres ure in ide is determined at that 
position. The bag is further compressed 
to a econd po ition and the pressure 
again determined. As the bag is com
pressed, the volume inside reduces, and 
the pressure, which increases, is indica
tive of the total volume in the tiag. 

Detector for Particle Surface 
Contamination 
(u.s. Patent No. 5,870, 186) 

Inventors: Paul A. Mogan, Christian J. 
Schwindt, and Carl B. Mattson, 
Kennedy Space Center 

A need exists for a particle surface 
contamination detector that can auto
matically provide analysis of fallout parti
cle numbers and ize as well as real-time 
measurements of particle fallout rates. 
The present ystem employs a flat, 
mooth , transparent particle collection 
urface in a housing. An aperture is 

formed in the housing top over a portion 
of the transparent collection urface to 
allow particle fallout to collect on it. 
Dispo ed beneath the surface in the 
housing i an optical detector, uch as a 

camera, which images the particle . In a 
pr ferr d embodiment of the invention, 
the particle collection surface is the top 
of a rotatable circular di k, such as a 
tran parent unprinted CD, for example, 
which i rotated b a first drive motor at 
a low peed (e.g., 1 rpm), 0 that the 
particle fallout i collected over a larger 
urface area than that defined by the 

aperture. A econd motor drives a cam 
element that move the subas embly lin
early back and forth in increments over 
the camera to facilitate random sampling 
of different portions of the disk's collec
tion surface. 

Evaporative Cooling 
Membrane Device 
(u.s. Patent No. 5,946,931) 

Inventors: Curtis Lomax and John 
Moskito, Ames Research Center 

A heat sink device particularly suitable 
for operations in high-altitude environ
ments i a ublimator/ evaporator system 
in which liquid flows around the outside 
of tube , while the tube interior i vented 
directly to a vacuum. A portion of the 
liquid experiences a Iiquid-to-vapor 
change, releasing latent heat therefrom, 
and leaving the remaining fluid cooled 
to erve as a medium for heat-sinking 
purposes. But the flow rate of this system 
i Iimi ted by the in ternal orifice ize of 
each tube. The present invention is an 
evaporative cooling device that does not 
uffer from tubular flow-rate limitation , 

but rather has a plate configuration that 
allows for increased flow rate and pro
vide convenient control of evaporation 
rate of the device by adjusting the rate 
of flow of the fluid that yields the cooling 
effect. The device compri e a hou ing 
with four enclosed sidewalls, an enclo ed 
bottom, and an exposed face covered 
with at least one sheet of a hydrophobic 
porous material. One of the idewal ls has 
an entrance opening and the one oppo
site it an exit opening. The porous mem
brane material has pores that resi t the 
liquid tate from passing through, but 
allO\ passage of the fluid in its vapor 
tate, thereby causing evaporation of the 

fluid that cools the remaining fluid . 

For more informati()1'/. on the inventions described here, contact the aPfrrotrriate ~SA Field 
Cenler's Com11U!Tcial Technology OfJue. ee page 12 for a list of office contacts. 

www.nasatech .com NASA Tech Briefs,June 2000 



SIMULATE ANYWHER~ 
Will your mechanical designs 
work? Will they break? Until now, 
getting good answers to these 
questions required powerful 
computers, lots of training, and 
expensive software. 

e.visualNastran changes every
thing. With just a standard PC and 
an internet connection, you can 
perform advanced simulation of 
stress and motion. Anywhere. 

Go to www.engineering-e.com/e 
to begin simulating anywhere
today. 

e.visualNastran 
rewrites all the 
simulation rules: 

It's fast. MSC's servers 
do the real number
crunching-which 
makes short work 
of even complex 
simulation. 

It's easy. The simple 
user interface and 
compatibility with all 
major 3D file formats 
make it easy to get 
real results. 

It's inexpensive. Use 
e.visualNastran free 
for 60 days. After 
that, a low monthly 
subscription covers 
your use. 

Ifs secure. Industry
leading security 
measures allow you to 
use e.visuaINastran
while protecting your 
valuable data. 
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" PRODUCT OF THE MONTH 

X
erox Engineering Systems, Stamford, CT, has introduced the MAX 
200 wide-format digital document system that operates at 7.9" per 
second, delivering more than 1,020 D-size prints and 540 E-size prints 
per hour. It also features a highlight red option that allows users to 

communicate critical changes and hard-to- ee detail with red ink. Other 
features include dual400-DPI LEDs for image quality, 256 levels of gray, 
and the ability to print in red, black, or both. The system provides six media 
sources, including four rolls, 1 x 1000 cut-sheet tray, and manual bypas . 
A modular, multi-tasking network controller for digital network printing is 
available with an optional scan-to-file capability that enables the system to 
print and scan-to-file concun'ently. A full-featured job control server also 
is available. 

For More Information Circle No. 747 

A Gateway to Technology 

o you want to know 
what NASA's doing to 

develop emerging tech
nologies and how it's using 
them to address today's 
challenges? Well, in addi
tion to reading NASA Tech 
Briefs, you can find infor
mation at a new Web site 
- the NASA Technology 
Portal. The new Internet 
gateway offers a look into 
the core of ASA's technol-

ogy development and tech :"' __ ':''';:~~!..-=_ ..... 
transfer programs. .... 

Users can capitalize on 
technologies developed by 

ASA, explore opportuni
ties to develop new 
technologies with NASA, or learn what unsolved aerospace challenges 

ASA faces and propo e technologies to meet them. Visit the new site at 
http://nasatechnology.nasa.gov. 

www.nasatech.com 

NASA Continues 
Cancer Fight 

NASA Administrator Daniel 
S. Goldin and alional 

Cancer Institute ( CI) 
Director Dr. Richard Klausner 
igned a Memorandum of 

Under tanding to jointly 
develop new biomedical 
technologies that can detect, 
diagnose, and treat disease on 
Earth and in pace. NASA is 
seeking to develop a new form 
of patient care "microscopic 
explorers" that would travel 
through the body looking for 
di ease. The NCI is attempting 
to define cancer for the first 
time ba ed on t11e unique 
molecular characteristics 
oflumors. 

Miniaturized diagno tic and 
treatment technologies that 
continuously monitor wellness 
and treat disease could be 
used by astronauts on the 
International Space Station, 
where there i not room for 
large CAT scan or MRl equip
ment. The "nano-explorer " 
might enter the body as a pill, 
a nasal spray, or a kin patch, 
and continually evaluate 
molecular indicator of health 
by communicating with 
on-board computers. 

The CI envi ion that 
the e space lechnologie also 
will change healtilCare as we 
know it on Earth, including 
the early detection and treat
ment of cancer. For more 
information, and to ~iew the 
text of Administrator Goldin's 
remarks, vi it www.na a.gov/ 
newsinfo. 

ASA Tech Briefs,june 2000 



at will you 
think of next? 
N ew Simulink 3 is the integrated design and simulation solution that gives you 

the power to explore, refine and realize 

your control, communications and DSP 

designs in a fraction of the time needed for 

traditional methods. Powerful extensions 

Thirty years ago, NASA's Lunar Module let you create event -driven simulations and 
Autopilot took thousands of hours to desigtl. Today, it cOllld 

be done by one ellgi'leer ill about a week usillg Si/llulillk 3. generate code automatically. 

Act now. Get data sheets, application examples, user stories and product demos. 

See how Simulink 3 can help you build superior products in less time. For more 

information, or to buy now, visit www.mathworks.com/nasb. S IMULINKGD 

Visit www.motbworks.comfnosb 
or (all 508-647-7000 

Simulink 3 SliP ports 

a broad range of 

applications from 

illitial design COllapt 

through embedded 

code gelleration. 

We h.tve I worldwide net:'n'Ork of internatiooal Rprestntarives. 
Vuit our \\~ sik at www.IDafitworks.comit"Uf fot more information. 

For More Information Circle No. 571 
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MiSSion~CCDmplished 

Y our neighbor may have it in hi 
new sports car. It may be in your 

de ktop PC. ASA uses it to lubricate 
pace-going mechanisms such as bear

ings, momentum wheels, boom/ array 
deployment mechanisms, and payload 
gimbal. It' al 0 used to lubricate hard 
drives and magnetic disks. 

Thi revolutionary product is Penn
zane- X2000 synthesized hydrocarbon 
fluid developed by Pennzoil-Quaker 
State, Houston, TX. Last year, the com
pany introduced Pennzoil- ynthetic, a 
new line of full synthetic motor oil 
formulated with Pennzane. The fluid is 
the result of Pennzoil's decade-long in
vestment in the research, development, 
and te ting of synthetic lubricants 
that meet the extreme conditions 
found in pace. 

The Road to Outer Space 
In the mid-1980s, scientists and engi

neers at Pennzoil's Woodlands Tech
nology Center began basic research on 
a sophisticated family of synthetic 
lubricants. "I was interested in making 
new ynthetic fluids, and the manufac
turing division needed to upgrade a by
product stream," explained Dr. Clif
ford Venier, one of the developers of 
Pennzane. "The stream contained sig
nificant quantities of cyclopentadiene, 
a very unusual chemical. It's a hydro
carbon, yet it's a weak acid, so it easily 
undergoes condensation reactions to 
make bigger molecules." 

Scientists take fairly mall, ordinary 
molecule and string them together to 
make bigger molecules, according to 
Venier. "That's how the main commer
cial synthetic fluids - the polyal
phaolefins - are made. So it looked 
like a good place to start. We got 
started looking at orne reactions that 
put 0 th e r h yd roca rbo n groups on 
the cyclopentadiene, " said Venier. 
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"It' a very small mole
cule, with only five car
bon, and quite volatile. 
We put up to ix groups 
on it to make it heavier 
and less volatile. We 
made a whole series of 
these, called multiply
alkylated cyclopentanes, 
or MACs, that can be 
used for any kind of lu
brication application. ~ 
One of those MACs be
came X2000. 

Penn zane was con
ceived, developed, and 
produced in only two 
years. But even after 
small batches were pro
duced, the developers -
Venier and fellow scien
tist Dr. Edward Casserly -
weren't sure of its com
mercial potential. That 
is, until Pennzoil partici
pated in a conference in 
1985 in which members 
of the aerospace commu
nity identified a need for 
a lubricant that would be 
stable under extreme 
temperatures and pro

Dr. Clifford Venier (right) and Dr. Edward Casserly. co-inven
tors of Pennzane X2000 synthesized hydrocarbon f luid. 

vide excellent lubricating qualitie . 
The aerospace experts needed a lu

bricant that was a fluid at a very low 
temperature, yet would not evaporate 
at a high temperature. "In the cata
logue of things we'd done," said Ve-

nier, "there was this one that looked 
like it had those kinds of properties." 
Those properties included the ability 
to lubricate parts in vacuum conditions 
in the cold of outer space for up to 25 
years. 

Once the idea for Pennzane was de
veloped, Venier and asserly began 
creating small quantities in the lab. 
"When developing a new product, we 

www.nasatech.com 

have to go in and run the reactions and 
purify it," Venier explained. "Typically, 
to screen a new material, we would 
make only a few hundred grams. From 
that, we could get the properties and 
determine if it will be useful." 

As far as Pennzane was con
cerned, Pennzoil could "make 

it once and have enough for a 
long time," said Venier. "One of 

the advantages Penn zane had for 
initial commercialization is that 

it's a very high value product. The 
material sells for about 1,000 per 

kilogram or 450 per pound. Part of 
the reason for that is the small vol

ume required. You don ' t have to build 
a plant to proces it. You can start out 
small." 

Penn zane X2000 may have started 
out small, but in 1986, it was presented 
to ASA contractors as a developmen
tal fluid for application in pace. The 
initial review was favorable, and Penn
zane was on its way toward commer
cialization. 

Its original commercial use was in 
1987, when Pennzane was shipped to 

NASA Tech Briefs,June 2000 



5t1Dl>E/'I1-Y YaiR I~ ~T 
70 /VEW LE.VE.I..£ OF covtPi-EX/TY. 

How do you attack complex design problems or balance creative 
solutions with practical needs? It takes robust technologies and a 
stimulating design environment. More than ever, Autodesk hamesses 
the passion of designers and the power of the Web to help companies 
realize the competitive advantage of superior mechanical design. 
It's a faster, more fluid approach that we call iDesign. See what 
iDesign can do for you : www.autodesk.com/rocket. 

For Mont Information Circle No. 516 

autodeske 
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ASA contractor TRW (Redondo 
Beach, CA), which began u ing it in a 
variety of applications for equipment 
deployed in outer space. It was used in 
the Clouds and the Earth's Radiant En
ergy System (CERES) instrument, the 
mo t preci ely calibrated radiometer 
ever to fly in space. CERES measures 
emitted and reflected energy from the 
surface of the Earth and the atmos-

the mo t accurate eye ever for mea
suring clouds and their impact on 
Earth's radiant energy sy tern. ASA 
has a igned CERES the highe t prior
ity in its Earth Observing System 
(EOS) program. 

Today, Pennzane i used to lubricate 
mechanisms in the Rossi X-ray Timing 
Explorer (RXTE) satellite; the Geo ta

Operational Environmental 
(GOES), which provide 60 

22 For More Information Circle No. 413 

percent of the Earth ' weather reports 
and track distre ignal to locate 
stranded sailors; and the Tropical Rain
fall Mea uring Mission (TRMM) , which 
performed climate research such as im
proving precipitation measurement 
techniques and developing representa
tive rainfall climatologies. 

It Really Is Rocket Science 
The resulting commercial motor oil, 

Pennzoil Synthetic with Pennzane, pro
vides extra engine protection against 
deposits and wear resulting from evere 

dliving conditions. It provides this pro
tection when engine need it most, 
such as at temperature extreme . While 
not subjected to the severe tempera
ture fluctuations of outer space, the 
oil protects cars at very low and very 
high operating temperatures. 

The oil is designed to protect against 
both oxidative and thermal break
down, and the accelerated oil con
sumption associated with severe service 
conditions such as short-trip driving 
with frequent engine starts and stop. 

Penn zane X2000 fluid can be used in 
any application requiring a low volatil
ity hydrocarbon . It's designed for lubri
cation in vacuum environments, as well 
as applications requiring no conden -
ables, ucb as computers and precision 
in truments. The utility of Pennzane 
X2000 can be extended by adding typi
cal hydrocarbon additives, such as ex
treme pressure agents, antiwear agents, 
and antioxidants. 

For more in/ormation on Pennzane 
X2000, visit the Penmoil web site at 
www.pennzoil.com. 

ASA Tech Briefs, june 2000 



The Multiphysic 

Design Tool of Choice ti • • 

DaimlerChrysler 

Motorola 

AppliedMateria1s 

U.S.Army 

U.S. Navy 

IBM 

Xerox 

Pratt & Whitney 

Siemens 

Caterpillar 

BMW-Rolls Royce 

... and many others 
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Fluid-Structure Interaction 
in a MicroMixer 

Geometry, Courtesy of Sarnoff Corporation 
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Harsh Environments? 
Delicate Equipment? 

t Cas~es! 

Hardigg Cases support 
Scientists working to 

discover the mysteries of 
our Universe. 

Solar Pyranometer Case 

Field Proven Reliability 
- Cases: 

Trunk Style 
Electronic Rack 

Instrument 
Wheeled Styles 
350 COTS Sizes 

" d.gg _ 147 North Main Street 
South Deerfield, MA 01373 USA 

Tel: 1-800-542-7344 or 413-665-2163 
Email: cases@hardigg.com 

www.hardigg.com 
GSA Contract: GS-14F-6140A 

ISO 9001 Certified 

For More Information Circle No. 420 
or Visi t www.nasatech.coml420 
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, Who's Who at NASA 
, 

, 

Douglas B. Leviton, Optical Physicist, 
Goddard Space Flight Center 

D ougl.as B. Lev~
ton I an OptI

cal physicist at 
A A's Goddard 

Space Flight Cen
ter in Greenbelt, 
MD. He has worked 
on a variety of 
optical technolo
gies for ultraviolet 
through infrared wavelength 

ASA science missions including the 
Hubble Space Telescope (HST) . His 
absolute optical encoder technology 
was honored as ASA's Government 
Invention of the Year for 1999. (See 
page 22 of the May issue of NASA Tech 
Briefs for more information on NASA's 
awards.) 

NASA Tech Briefs: What is an absolute 
optical encoder? 

Douglas B. Leviton: Optical en
coder measure mechanical position 
and report it to a computer as a num
ber. For example, a rotary encoder 
mounted on a large telescope's support 
bearings tells you the telescope's point
ing angle. In a milling machine or a 
lathe, linear encoders mounted on the 
machine's slides tell you the position of 
the cutting tool with respect to the part 
being machined. Some encoders are 
incrementaJ , which means that if you 
tum the power off and tum it back on, 
the encoder gets lost because its refer
ence is 10 t. With an absolute encoder, 
you can turn power off and back on, 
and when the encoder wakes up, it still 
knows exactly where it is. This is e pe
cially advantageous in space mecha
nisms where con erving power is im
portant. 

NTB: What advantages does your in
ventjon provide? 

Leviton: Conventional absolute en
coder ense a bit pattern on glass that 
is unique at each po ition. The limita
tion on resolution is, "How small can 
you make the finest little bit?" Instead 
of reading out individual bits, my ab-
olute encoder takes digital picture of 

a different kind of pattern and inter
pret them through oftware to get po-

www.nasatecb .com 

sition with much higher resolution. 
The pattern resembles coarsely paced 
pickets in a fence . Each picket has a lit
tle bar code that uniquely identifie it. 
The camera ees two or three pickets 
at a time. Since only one position is 
being measured, each one of tho e 
pickets gives the same answer. This 
means that a pretty vast area on the 
cale can be damaged and the encoder 

still works fine . 

NTB: What was NASA's first applica
tion for the new encoder? 

Leviton: The very first application 
was in 1998 for a system we built to cal
ibrate flight prisms for the HST Ad
vanced Camera for Surveys (ACS). 
That system was essentially a vacuum 
UV version of the classical, prism re
fractometer for measuring refractive 
index of transmissive optical materials. 
We needed a cheap rotary encoder in 
vacuum with sub-arcsecond accuracy in 
a hurry, 0 we engineered a special ver
sion of the new encoder in just a few 
weeks for less than $1,000. Meanwhile, 
we ended up enhancing the world 's 
database of far UV optical material 
properties with data of unprecedented 
accuracy and spectral coverage. The 
materials we measured are crucial to 
other NASA UV science missions and 
are being used increasingly in optical 
designs of wafer teppers for advanced 
semiconductor production. 

NTB: What are some potential com
mercial applications for your invention? 

Leviton: Any mechanism requiring 
ab olute encoders more sensitive and 
compact than existing encoders can 
take advantage of this new technology. 
One example would be linear position
ing platforms for microlithography 
steppers. Other potential applications 
include inspection equipment, robot
ics , machine vi ion, coordinate
measuring equipment, aviation, sur
veying, profilometer, and disk-drive 
manufacture . 

A full transcript of this interview ap
pears on line at www.nasatech. com. Mr. 
Leviton can be reached at doug.leviton@ 
gsf c. nasa. gov. 

NASA Tech Briefs,June 2000 



-Portable 6- I 

Measurements 
Attach the new WaveBook/516"' to your 
notebook PC for portable, 16-bit measurements 
up to 1 Msamples/s. Start with eight built-in 
channels, and easily expand up to 72, including 

direct-connect signal conditioning for strain 
gages, ICre-style accelerometers, and more. 

WaveBook/S16N 

• Extemal clock input 
• Multichannel analog triggering 
• Digital-pattem triggering 
• Pulse-amplitude & pulse-width triggering 
• Pre- & post-trigger modes 
• In-vehicle bus option 

Included Out-of-the-Box'" WaveView"' software 
converts your PC and the WaveBook/516 into 
a compact, multichannel waveform analyzer, 
streaming data to your PC's hard drive in real 
time. WindowS- 95/98/2000/NT drivers, as well as 
LabVIE'vV" and DASYLabe support, are also included. 

IOtech has been the undisputed leader in portable, 
notebook PC-based data acquisition for nearly a decade. 

Visit our Web site at 
www.wavebook.com 
and see why the 

WaveBook/516 is first in 
its class. For a demo or 

30-day evaluation, contact 
our sales department at 
1.888.805.3020 or 
sales@iotech.com. 

Our·oI·rh~lIox. W..-e800I<JS 16. W .... pOft, £< WlVev'"", .re trodematb of IOtech. loc. All othffl are trodematb or "'!I"tered 
trodem.r1c5 of the" r"'pe<1iYe holden. 000208 

ww w. wavebook . com 
WEB QUICK FIND #405* IOtech Inc. 

.' ' 
25971 Cannon Rd 
Cleveland OH 44146 
Fax 1.440.439.4093 
sales@iotech.com . ::;"" tech -- CIRCLE 401 

z 
WaveView™ 

WavePort™ 
rugged model for 
field applications 

For a complete listing of 10tech worldwide 
sales offices, see www.lotech.com/ sales.html 
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• r", up ID da ... lnformatlon 00 products, on<! ID order 
onIloe, '">it the K)tedo Web w on<! en ..... the 
QUICK FIND numb6. 



Temperature 

Strain 

Vibration 

Pressure 

You've Got Sensors, 
We've Got Solutions 
Attach your sensors directly to 
IOtech's Out-of-the-Box'" data 
acquisition solutions for 
portable, lab, & stand-alone 
applications. Get signal 
conditioning, NO, & software -
all from one supplier. 
Browse a wide selection of 
solutions online, or call for your 
free Y2000 catalog & demo CD. 

www.iotech.com 

1.888.890.30 11 
• I .. JP' dod ., _..., procL.:u, m 

to roo · ~, . liE OKh Web * 
d~ ' M!' QUICKFINO IlI"Tlber. 

CIRCLE 402 

Data Acquisition 
16-Bit Performance 

12-Bit Price! 

Synchronous scanning 
of ana/os1 digital, 
& counter inputs 

up to 200 kHz 

Over 30 signal conditioning & 
options for direct meCISUfj~m 

thermocouples, RTDs, strain gages, 
accelerometers, & much more 

Up to four boards can be installed into one PC 

6 counter/timer channels 

40 digital//O lines, expandable up to 208, I' /; 
induding isolation & relay closure options / 

16-bit, 1 OO·kHz digital pattem generator 

Pre· & past· triggering on analog, digital, & digital pattern 

DaqView'" software for 
Out-of-the·80x'" setup 

& instant operation 

Drivers for Wi~ 
95/98/2000/NT, LabV/fW", 
TestPoinr", & DASYLab" 

On-board supply for powering 
external signal conditioning & 
expansion aptions 

bus 
mastering for 
continuous 
streaming 
of input & 
output data 
synchronously 

DaqBoard/2000™ 

$4 
These astonishing features and value are the outcome of over 
15 years of developing data acquisition products, including 
signal conditioning and software. 

Visit our Web site at www.daqboard.com to learn more 
about the DaqBoard/2000'·, and to place your order 
directly. Contact us today for your FREE Y2000 Catalog. 

www.daqboard.com 
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Chassis monitoring and manage
ment (CMM) functions are criti
cal in many motion control appli

cations, particularly those involving high 
value-added production, where reliability 
and personnel safety are paramount. To 
effectively support reliability and safety, it 
is important to know the status of the 
motion control devices, but also the total 
environment in which they oper
ate. CMM provides this feedback 
by continuously logging data on 
variables such as temperature, 
humidity, cooling, power perfor
mance, and other diagnostic 
information. 

Chassis monitoring and management 
(CMM) can reduce motion control 

system hardware and integration costs. 

and cooling fan and often allow 
remote management of these sy tern 
function. More recently, CMM func
tions in these ystems have been expand
ed to include variables outside the elec
tronic packaging, such as those as oci
ated with the system environment and 
electromechanical as emblies. Also, 
modern networking technology is being 

• Level 3: Microproces or-based web
enabled real-time operating systems (adds 
advanced-platform independent features, 
such as remote access via web browser to 
configure tlle system, access log files, and 
collect general diagnostic data). 

Since CMM functions are not a central 
part of the motion control ystem, they 
are frequently treated as an after

Today's motion control sys
tems consist of three primary lay
ers: supervisory control, data 
acquisition, and sensors and final 
actuators. Each of these may con
tain several complex subsy terns 
that must interact not only within 
the layer, but also with other lay
ers in the larger system. 
Although current technology 
provides proces control and 
feedback of these subsystems, the 
ability to monitor and diagno e 
CMM variables between these 
sub ystems through a central 
integrating ho t is lacking. 

Figure 1. Block diagram of data flow for a remotely monitored 
and controlled machine plus full CMM on the chassis. 

thought. However, thinking 
about them early in the 
design cycle allows the most 
cost-effective makel buy deci
sions involvi'ng criteria such as 
hardware purchases, pro
gramming, system integra
tion, space efficiency, and 
future expansions or modifi
cations. Before specifying and 
launching a CMM design, it is 
best to check features avail
able from the system packag
ing supplier. You may get 
more of these functions at a 
lower cost than taking the da
it-yourself route. This can put 
more profit on the bottom 
line and also get your product 
to market much faster. 

Design Cost Tradeoffs 

Another problem that complicates 
monitoring is the diversity of technolo
gies used within many motion control 
systems designed for factory and process 
floor application . Often these have pro
gres ed from strictly PLC-based subsys
tems to also incorporate PCI, digital sig
nal processing, and other proprietary 
monitoring and control elements. 
Additionally, subs sterns. sensors, and 
monitored variables are disper ed 
throughout the larger sy tern, making 
them inherently difficult to monitor and 
control tl1fough a single ource. 

In VME and PCI card-based system , 
CMM functions are often integrated 
within the electronic packaging. They 
let the user know, for example, when 
there are problem with power supplies 

llb 

employed to bring together data from 
different subsystems and technologies, 
These developments make CMM a valu
able addition to motion control systems. 

Depending on application require
ments, there are at least three different 
levels or types of CMM function that 
should be considered. The following are 
typical of those that can be designed 
into your motion control system: 
• Levell: Simple monitOring only (typi
cally voltages, temperatures, and cooling 
fan operation, with local LED indication 
offailure) ; 
• Level 2: Microcontroller-based moni
tOring (voltage, fans, temperature and 
power upply status monitOring with 
remote access to statu; also remote 
management features uch as power 
onloff and reset); 

w·,."w.nasatech .com 

A key design issue in CMM is where to 
draw the line between functions includ
ed in the motion control system boards 
and those supplied with the packaging 
system, or as a separate module. It is 
almo t a given that today's packaging sys
terns are supplied with modular plug-in 
power supplies and cooling fans, often 
with a n+ 1 redundancy. Also typical in 
these de igns is local monitoring of all 
power-supply voltages, chassis tempera
ture, and fan operation. The nature of a 
motion control system, however, sug
gests the need for remote monitoring 
and control of these functions, plus 
additional data collection for diagnosis. 

For example, consider manufacturing 
equipment that i remotely monitored 
and controlled through electronics 
installed in a local y tem chassis. A 
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block diagram for uch a '(em is 
shown in Figure 1. However, auto
matic equipment, uch as plastic 
molding machin and eleclro
me hanicalte t fIXture, require not 
onl motion control but al 0 diag
no ti that provide early warning of 
impending failure, and data that 
directs technician to the failure 
point when one oCCUI . 

Historicall , these troubleshooting 
function have been accompli hed 
b technician manually collecting 
data from a machine' diagno tic 
port. However, the packaging vendor 
may be able to ugge t MM func- Figure 2. Illustration of typical chassis with local 
tions that eliminate or reduce manu- monitoring shown. 
al methods oflocal diagnostics. For exam- • Record and or route diagno tic data 
pIe, a high-performance in pection sy - from machines being conu·olled. 
tern developer initially purcha ed a bare- Off-loading MM functions to the ys-
bone VME64 chassi and then de igned tem cha si lets the developer concen-
in Level 2 monitoring of the type trate on core ta k a sociated with 
de cribed earlier. motion conu'o\. With only local moni-

When Tracewe ll 
ystem , an electron

ic packaging ystem 
manufacturer, was 
approached about 
supplying such func
tions on d1e system 
chassis, their de ign
er pointed out the 
benefits of Level 3 
CMM. For a relatively 
mall cost premium, 

d1ey were able to pro
vide remote bidirec
tional monitoring and 
control from external 
PCS and workstations 
interconnected on a 

LAN/ WAN network Figure 3. CMM board block diagram. 
by u ing web browser 
technology. 

Such a sy tem can be interfaced to 
either PLC- or PC-controlled equipment 
and facilitate integration of other tech
nologie . It also provides near-real-time 
machine diagno tics. Level 3 CMM po -
ibilitie include: 

• Monitoring functions (all power-supply 
voltages, cooling-fan air 
flow or RPM , multiple 
chassis temperatures, hu
midity, high-water alarm, 
chassi intrusion); 
• Management function 
(power-cycle con trol of 
remote equipment, down
load CMM log ftle , con
sole port acce s of remote 
equipment, upload con
figuration change such 
as operating paran1eters, 
alann thresholds, etc., 

toring of chas is variable, perhap thi is 
not a big deal. However, remote CMM 
via web browser adds considerable com
plexity. Table 1 Ii ts developmem tasks 
as ociated with Level 3 CMM, which 
illustrate thi point. 

The de ign of a typical Tracewell Level 
3 CMM s tern can be implemented a 

an imegral part of the electronic 
tem packaging, or upplied as a 

separate module to be installed 
el ewhere in the OEM' )' tem. 
When in talled as part of the ) tem 
packaging, it t)'picall ' i implemem
ed on one or more board that 
re ide outside the tem' bu lots, 
but adjacent to the main . tem' 
single board computer, as hown in 
Figure 1. 

A typical bare chassi in which 
these board would re ide i depict
ed in Figure 2. The function 
included in the CMM module 
depend on application require
ments, but a block diagram of a typ-

ical modul i hown in Figure 3. 
For example, a motion control )'

tem's ingle-board computer could act 
as a ho t controller. Thi board might 
provide analog and digital I/O func
tions, digital ignal proce ing, and local 

memory and proce -
ing of the motion con
trol algorithm. In a 
typical sy tem, thi 
controller would 
interface with motion 
control boards, such 
a tho e providing 
stepper-motor con
trol, encoder read
back, and multiaxis 
servo control. 

At the IC level, the 
CMM module uses 
device with the lnter
IC (FC) bus interface, 
which facilitate inter
connection of a wide 
arra of IC providing 
peripheral con troller 

functions. The FC bus provide data 
transfer efficiency through a imple pro
tocol fonnat and bidirectional two-wire 
de ign, which consists of a serial data 
line (SDA) and serial clock line (SCL). 
Multiple master and laves are allowed, 
becau e the FC bu arbitration proce
dure decide which master gets priority. 

This simplicity allows 
de ign flexibility while 
reducing pin count, 
interconnection co ts, 
and board space. 

everal U mart en ors" 
with the PC interface 
are available from 

ational Semiconductor, 
Dallas emiconductor, 
and other manufactur
ers, and are de igned 

change network/ IP address • Required drivers include those for Telnet to serial pons, logging, PC bus, contaCt clo ure, accu-
of the chassis); mulated uptime anu run LED, temperature sensors, voltage sensors. and remOte hutdO\",. 

pecifically to monitor 
temperature, fan peed, 
chas i intru ion and 
power- upply failure. 
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lultiple device can be daisr-chained on 
the FC bus up to a maximum deter
mined by allowable capacitance on the 
lines-400 pF-and the protocol' 
addressing limit of 16 k. (Typical device 
capacitance is about 10 pF.) 

At the networking level, an interface 
to external PCS and workstations is pro
vided through a web erver embedded 
in t.he CMM module. The sen'cr, along 
with configuration files, data files, etc., 
are stored on the board's olid-state di k 
storage device. Data transfers between 
external de .. ices (outsidc the system 
cha sis) and the module take place over 
an appropriate data communications 
interface (Ethernet, RS-232, etc.). When 
FTP transfers are used, they go through 
the CMM module. A Telnet connection 
can be made to the CMM module, or 
through that module to the console port 
of remote equipment. 

Outsourcing CMM 
To get the maximum benefits from 

outsourcing CMM, design and purchase 
specifications should be flexible, as well 
as the initial design review process. For 
CMM to be most effective, it is important 
that the system engineer fully under
stand the environment in which the end 
product will be deployed. This includes 
potential hazards and failure mode to 
help detennine the elements that must 
be monitored and define user-interface 
requirements. Communicating this 
information to system packaging design
ers wi ll help them determine the appro
priate level ofCMM and specific feature 
required for the application. 

In the ca e of the inspection system 
developer mentioned earlier, by witch
ing to a packaging system with built-in 
Level 3 CMM functions, many of the 
earlier integration co ts were eliminat
ed. For example. oftware development 
for thi OE:'-l was reduced by more than 
75 percent. 

Moreoyer, it was easy to tie the re ult
ing system into the firm's overall inspec
tion monitoring scheme. The Level 3 
CJ\.1M controller works with indi\;dual IP 
addresse that are unique for each user 
and inspection tern chassi , allowing 
multiple acce s anywhere on the network. 

Phy ically, aJJ primary CMM control was 
implemented on a ingle 3U x l()O.mm 
board, with on-board Ethernet and RS-
232 communication. This board aJ 0 

prmides remote en or control through 
a imple PC two-wire bus that drastically 
reduced hardware integration complexi
ty. The hardware co ts of adding the 
entire Le"el 3 C~iM was roughly the 
same as the Ethemet-to-RS-232 adapter 
alone in the original solution. 

Since the Level 3 CMM controller has 
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its own independent microprocessor, it 
is able to communicate directly with the 
system' CPU console. It also provide 
thi acce to remote u ers, such as er
vice personnel, over a LANf\\'AN con
nection . Thi allow the u er to ,iew 
diagnostic information and make con
figuration change to the CPU operating 

de,ice . Since tile interface to the CMM 
is through a tandard web browser, no 
field software changes are required to 
make the e modifications. A system 
administrator simply change the web
page configuration directly on the CMM 
controller and remote users are auto
matically updated. 

ystem and BIOS independent of the 
CPU network interface. 

This system al 0 supplies a high 
degree of flexibilit). The CMM con
troller's open-standard operating system 
allows fast upgrades to change con
troller parameters, such as alarm set
ting ,logic tates, and additional sensor 

For more infannation contact: 
Jay f)/iumakP 
Tracewell Systems, Inc. 
567 Enterprise Drive 
Westerville, OH 43801 
TlIltJW. traceweLlsystems. com; 
(800) 848-4525. 
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Circuit Generates Rotation Signal From a Vibratory Gyroscope 
Rotation is measured in terms of a difference between two vibrational velocities. 
NA :As Jet Propulsion Laboratory, Pasadena, California 

In 
Analog 

Multiplier Output 
or Proportional 

Phase- to Rate of 

In SensitiVe Rotation 
Detector 

The Portion of This Circuit That Generates the Rotation-Rate Signal exploits the sum and difference of the outputs of the transconductance amplifiers. The 
difference signal is either multiplied by, or detected synchronously with respect to, the sum signal. 

Thi is the first of four articles that 
address various issues concerning the 
generation and utilization of electronic 
signals in the operation of microma
chined planar vibratory microgyroscopes 
and other sen ory devices that include 
electrostatically actuated, capacitively 
sensed mechanical resonators. The ub
ject of this article is that part of the over
all electronic circuitry of a planar vibra
tory gyroscope that generates a signal 
proportional to the rate of rotation. 

Some background information is pre
requisite to a de cription of this circuitry 
and to the descriptions of the circuits 
described in the following three articles. 
Various aspects of micromachined pla
nar vibratory microgyroscope have been 
described in a number of previous arti
cles in NASA Tech Briefs. The basic princi
ple of operation is as follows: Four planar 
silicon plate are connected together by 
silicon springs in a symmetrical pattern 
re embling a clover leaf. The silicon 
springs lie at the center of the pattern. 
When in equilibrium (not vibrating), all 
plates lie in the same plane. 

Together, the plates and springs con ti
tute a mechanical resonator character
ized by t:\Vo orthogonal degenerate modes 
of vibration. Two of the plates are driven 

electrostatically to generate oscillations in 
one of these modes, denoted the driven 
mode. The 0 cillatory di placements or 
velocities of all four plates are measured 
by use of capacitive sen ors. 

One eeks to measure rotation about 
the axis perpendicular to the equilibri
um plane of the resonator plates. The 
Coriolis force associated with this rota
tion couples energy from the driven 
mode to the other mode, denoted the 
ensing mode, in which there i a differ

ence between the velocities of the two 
plates that are not driven electrostatical
ly (the sensing plates). This difference 
between velocities gives rise to a corre
sponding difference between the out
puts of the capacitive sensors for the 
sensing plate. The difference signal, 
called the "Coriolis signal," is propor
tional to (1) the amplitude of oscillation 
of the driven plates; (2) the rate of rota
tion, .a; and (3) the resonance quality 
factor, Q, which is inversely proportional 
to the rate of damping of vibration. 

The circuitry in que tion i de igned to 
generate a signal proportional to the 
Coriolis ignal and thus to Q. This circuit
ry is part of the overall circuit hown in the 
figure. As explained in more detail in the 
following article, the inputs to the trans-

conductance amplifiers are the raw veloci
ty signals from the sensing-plate capaci
tors. Thus, the difference between the out
puts of the two tran conductance ampli
fiers contains the desired information. 

Because of common-mode rejection, 
the sum of transconductance-amplifier 
outputs, which is proportional to the dri
ven-mode velocity signal, contains no 
information on Q. If the magnitude of 
oscillation is held con tant as de cribed in 
the following article, then the sum ignal 
has a constant magnitude. In any event, 
the sum signal is used as a reference for 
phase-sensitive detection of the differ
ence signal. In one version of this circuit
ry, the difference ~ignal is multiplied by a 
90o-phase-shifted replica of the sum sig
nal. In another version, the difference sig
nal is synchronously detected, u ing the 
phase-shifted sum signal as the timing ref
erence. In either version, the time-aver
aged output signal is proportional to QQ. 

This work was done by Christopher Stell, 
Vatche Vorperian, Roman Gutierrez, and 
Tony Tang of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components & Systems 
category. NPO-200B7 

Vibration-Regulating Circuit for a Mechanical Resonator 
A two-loop feedback system maintains constant magnitude of vibration. 
~SA's Jet Propulsion Laboratory, Pasadena, California 
The figure illu trate an improved 

electronic circuit that excites constant
magnitude vibrations in an eleClrostati
cally actuated, capacitively en ed 
mechanical re onatof. The circuit can 
be adapted, for example, to a planar 
vibratory microgyro cope like the one 
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described in the preceding article. 
Mounted on the moving part of the 

re onator are two electrode - the dri
ven and the ensing plates - that face 
corresponding fixed driven and sensing 
plates. Each pair of electrodes serves as a 
capacitor; the driven one for electrostat-

www.nasatech.com 

ically exciting vibrations, the sensing one 
for measuring the vibrational velocity. 
Through the negative-feedback path of 
the tran conductance amplifier, the 
fIXed sensing plate becomes charged up 
to the dc bias applied to the "+" terminal 
of the transconductance amplifier. As 
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The Mechanical Resonator Is Part of an Oscillator Circuit and determines the frequency of oscillation. The gain of the VCA is continually adjusted to reg
ulate the magnitude of the capacitively sensed mechanical oscillations. 

the resonator vibrates, the voltage across 
the sensing capacitor thus remains con
stant, although its capacitance varies at a 
rate proportional to the vibrational 
velocity. By the fundamental relation
ship among capacitance, voltage, and 
charge, a current proportional to the 
vibrational velocity must therefore flow 
between the sensing plate and the "-" 
input of the transconductance amplifier. 
As a result, the transconductance ampli
fier puts out a voltage proportional to 
the vibrational velocity. 

The output of the transconductance 
amplifier is fed to the signal-input term i-

nal of the voltage-controlled amplifier 
(VCA) and to the input terminal of the 
full-wave peak detector. The integrating 
amplifier produces an error signal that is 
the integral of the difference between 
(1) the peak-detector output (which is 
proportional to the magnitude of the 
vibrational velocity) and (2) the refer
ence voltage, which represents a desired 
magnitude of vibration. The error signal 
is fed to the control-input terminal of 
the VCA. The output of the VCA is pro
portional to the velocity and is fed back 
to the fixed drive plate. With sufficient 
gain in the amplifiers, the resonator and 

feedback loop oscillate together. When 
the amplitude of oscillation is too high 
or too low, the error signal adjusts the 
gain of the VCA to drive the magnitude 
of vibration toward the desired value 
represented by the reference voltage. 

This work was done by Christopher Stel~ 
Vatchi Vorperian, Rnman Gutierrez, and 
Tony Tang of Caltech for NASA's Jet 
Propulsion Laboratory: For further infor
mation, access the Technical Support Package 
(TSP) free on-line at WWUI.nasatech.com 
under the Electronic Components & Systems 
category. NPO-20088 

QCompensation Circuit for a Planar Vibratory Microgyroscope 
The amplitude of the resonator-drive waveform is used to make the output independent of Q. 
NASA 5' Jet Propulsion Laboratory, Pasadena, California 

Output 
Proportional 
to Rate of 
Rotation 

The Portion of This Circuit That Compensates for Variations in Q exploits the drive voltage generated elsewhere in the circuit . The amplitude of this drive 
voltage is proportional to O. while the amplitude of the Coriolis signal is proportional to no-'. The output of the analog multiplier is proportional to the 
two amplitudes and thus proportional to n. regardless of the value of O. 

Electronic circuitry has been devised 
to compensate for variations in the reso
nance quality factor (Q) of a planar 
vibratory microgyroscope like that 
described in the first of the two preced
ing articles. That is, the circuit makes 
the scale factor of the gyro ~ope (the 
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factor of proportionality between the 
rate of rotation, Q, and the output sig
nal) independent of Q 

If the Coriolis signal w'ere to consti
tute the output signal, then the cale fac
tor would be proportional to the ampli
tude of the input displacement and to Q 

www.nasatech.com 

The amplitude of the input displace
ment is maintained constant by the tech
nique described in the immediately pre
ceding article, "Vibration-Regulating 
Circuit for a Mechanical Resonator," 
( PO-20088). However, the rate of 
damping, and thus Q, does not remain 
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con tant; the rate of damping is very sen-
itive to the densil}' and pressure of the 

fluid in which the resonator i 
immersed. Thus, there is need for fur
ther processing of the Coriolis signal 
through circuitry like that described 
below to make the scale factor remain 
con tant despite variations in Q 

The circuitry in question is part of the 
overall electronic circuit hown in the 
figure. To maintain a constant input 
vibration amplitude, it i necessary to 
dIive the resonator with a voltage pro
pOI-uonal to Q Other pans of [he circuit 

Motion-Measuring 
Circuit for a 
Vibratory 
Capacitive Sensor 
This circuit offers some 
advantages over circuits 
designed previously for the 
same purpose. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

The figure illustrates an improved 
electronic circuit that generates a signal 
proportional to either the instantaneou 
vibrational velocil}' or the instantaneous 
position (equivalently, the instantaneous 
vibrational displacement) of a vibratory 
capaci tive sensor of tlle !}'pe discussed in 
the three preceding articles. This circuit 
offers some advanlages over circuits 
designed previou ly for tlle same pur
pose; in particular, mere is no need for a 
reference capacitor, and the circuit is 
in ensitive to capacitive loading of its 
sensing amplifier. 

The vibratory sensor includes a re -
onator equipped wim capacitor elec
trodes in a manner similar to that of the 
\ibration-regulating scheme de cribed 
in the second of the preceding articles: 
Mounted on tile moving part of the res
onator are twO electrodes - the dri\'en 
and sensing plate - that face corre-
ponding fixed driven and sensing 

plates, Each pair of electrodes serves as 
a capacilor; the driven one [or electro
statically exciting vibrations, the sens
ing one for measuring the vibrational 
displacement or velocil}'. 

Al 0 as in the vibration-regulating 
scheme, the negative-feedback path of 
the transconductance amplifier is uti
lized to maintain the fIXed ensing plate 
at a voltage equal to the dc bias applied 
[0 the ~+" terminal of the transconduc
tance amplifier. Therefore, in the 
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generate such a drive voltage, which i 
applied not only to the re onator but 
also to the input terminal of a 90· phase 
hifter. The output of the phase hifter i 

fed to one of two input terminals of an 
analog multiplier. An amplified ver ion 
of the Coriolis signal is applied to me 
other input terminal of the analog 
amplifier. Because the Coriolis signal is 
approximately 90· out of phase witil the 
drive signal, it is approximately in phase 
with tile output of tile phase shifter. 
Therefore, the time-averaged output of 
the analog multiplier is proportional to 

the amplitude of the Coriolis ignal 
(proportional to f./Q) and to the ampli
tude of the drive signal (proportional to 
Q' I). Thu , tile output of the analog 
multiplier is proportional to f./ only, as 
desired. regardle s of variations in Q 

This work was done by Christvpher Stell, 
VatcM Vmperian, &man Gutierrez., and 
Ton" Tang of Caltech for NASA's Jet 
PropulsiooLaboratory. For further infor
mation, access Ihe Technical Support Package 
(TSP) free on-line at www.nasatech.coln 
undfr the EIRclronic Components & S,.stems 
catego,)'. NP0-20089 
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ab ence of additional vibratory and/ or elec
tronic inputs, thi circuit behave imilarl to 
the corre ponding part of the vibration-regu
lating circuit; namely, the in tantaneous out
put of the transconductance amplifier i a volt
age proportional to the in tantaneou vibra
tional velocity. 

Additional vibratory/ electronic input is nec
e ary to obtain a po ition signal. In particular, 
a voltage alternating at a frequency much 
greater than that of the vibration to be mea-
sured i applied to the driven plate to excite a 
uperimpo ed inu oidal vibration much 

ac Drive for Inducing 
Vibration (Position 

Sensing Only) 

CAPACITIVE SENSOR 

Fixed 
Driven Plate 

FIXed Sensing 
Plate 

/ 
Moving Driven Moving 

Plate Sensing Plate 

Distance To 
Be Measured 

dcBias -=-

smaller than the vibration to be measured. 
Thi mall, high-frequency vibration gives rise 

. to a velocity signal in the manner described 

This Circuit Provides an Indication of either the instantaneous velocity or the instantaneous posi
tion of the sensing plate, depending on the choice of operational mode as described in the text . 

above. The capacitance varies with the position of the sensing 
plate in a known way, and the magnitude of the velocity signal 
varies in proportion to the change in capacitance. Thus, the 
in tantaneou magnitude of the velocity signal serves as an 
indicator of the instantaneous position of the sensing plate. 

This work was done by Christopher Stell and Vatche Varperian oj 
Caltech Jor NASA's Jet Propulsion Laboratory. For further inJor
mation, access the Technical Support Package (TSP) free on-line at 
www.lIasatech.com under the Electronic Components & Systems 
category. NP0-20086 

Using Commercial-Grade Tb/ Dy in Magnetostrictive Actuators 
This material would offer performance and cost advantages over purer material. 

NASA s Jet Propulsion Laboratory, Pasadena, California 

Single crystals of Tb-Dy alloys exhibit magneto trictive 
trains approaching 1 percent and can generate forces suffi

ciently large to make them useful as actuators in cryogenic 
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mechanical devices. These actuators offer many advantages 
over piezoelectric actuators and actuators using motion 
feedthroughs from higher temperature. Unfortunately, the 
preparation of single cry tals of Tb-Dy alloys is difficult and 
co tly, and will likely remain so. The limited availability of sin
gle crystals could impede the development of this new actuator 
technology. Since polycrystal are much simpler to prepare 
and are less costly, textured polycrystalline materials are being 
developed as alternative to single cry tals, as discus ed in 
"Polycrystalline Tb/ Dy Alloy for Magnetostrictive Actuators" 
(NPO-20273), NASA Tech Briefs, Vol. 23, 0.8, (August 1999), 
page 44. Continued efforts to reduce tile cost of magnetostric
tive polycrystals have led to the use of lower-cost commercial 
grade (total purity 99.7 percent) Tb-Dy material [as opposed to 
expensive high-purity (99.94 percent) material required for 
the growth of single crystals]. 

In general, a material containing many individual crystals 
with random orientation will not have a large bulk magne
tostriction. Crystallographic texture describes the average ori
entation of the individual crystallites in the material. It i pos
sible to achieve a preferred texture by various materials-pro
ce ing method, but one of the simplest is deformation pro
cessing. The Tb-Dy alloy was arc-melted and drop-cast into a 
chilled copper mold. Since the as-cast ingot shows strong crys
tallographic texture, the material wa first cold rolled to a 35-
percent reduction in thickness and heat treated for].5 h at 950 
°C to induce recrystallization. This step was intended to pro
vide a random initial orientation of spherical grains, although 
our bulk thermal expansion measurements indicate that sig
nificant texture remained after this step. The pecimen was 
then plane-rolled by 55 percent and annealed at 350 DC to 
relieve train. This rolling and annealing combination was per
formed once or repeated a number of time . It can be seen in 
the figure that the commercial pecimen exhibits 2,400 ppm 
magneto triction , while the high-purity pecimen exhibits only 
1,750 ppm magnetostriction. It may be that the additional 
impunue in the commercial-grade material limits grain 
boundar)' growth during heat treatments, and studies are cur-
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rently underway to relate grain size and 
texture to magnelOstriction. Although 
impuritie that inhibit grain growth are 
detrimental lO the fabrication of single
crystal materials, these impurities may 
not be a problem for polycrystalline 
material . The u e ofTb and Dy of lower 
purity may be an important practical 
advantage of polycrystalline material, 
since the lower-purity materials can be 
obtained at significantly lower cost and 
with greater reliability. 

This work was done by jennifer Dooley and 
Brent Fultz. oj Caltech Jor NASA's Jet 

Propulsion Laboratory. For further inJor
mation, access the Technical Support Package 
(TSP) free on-line at UIWW.nasatech.com 
under the Materials category. 

In accordance with Public Law 96-517, 
the contractor has ekcted to retain tilk to this 
invention. Inquiries concerning rights Jor its 
commercial use should be addressed to: 
Technology Reporting Office., ]PL, Mail Stop 
122-116, 4800 Oak Grove Drive, PasQ.{/£na, 
CA 91109. (818) 354-2240 

ReJer to NP0-20697, volume and number 
oj this NASA Tech Briefs issue, and the 
page number. 

Pulse-Mode Reaction Control 
System Thruster 
This thruster burns nontoxic propellants. 
Lyndon B. Johnson Space Center, Houston, Texas 

A spacecraft reaction-control-system 
(Res) thruster now undergoing devel
opment generate a thrust of 870 lbf 
(3,870 ) by burning ethanol and liquid 
oxygen (LOX), which are nontoxic. The 
perfonnance of the thruster has been 
te ted in operation in multiple pulse 
modes with pulse as hort as 160 ms; 
such pulses are typical of those required 
for the space-shuttle RCS. 

This test is the first succe fuJ demon
stration of a liquid/liquid-fed thruster in 
pul e-mode operation. The use of 
thru ters fed by nontoxic liquid is 
expected to afford great benefits - not 
only in pace-shuttle operation but al 0 

in the operations of reusable first-stage 
or liquid-fueled fly-back boosters or, 
indeed, of any reusable launch vehicle 
currently produced by ASA or the 
Department of Defense. 

Morion Control Tech Briefs,June 2000 

Today, the market for thru ters like 
this one is limited to the econd-stage 
Res and orbital maneuvering tern of 
the Ki tler K-I vehicle (a commercial 
reusable launch vehicle), to the R of 
the VentureStar reusable launch vehicle, 
and to upper-stage RCSs in general; 
however, with the increase in the num
ber of commercial aero pace companie 
launching unmanned rockets, the tech
nological advance made in the develop
ment of this thruster can be expected to 
affect the commercial field ignificantly. 
For ASA, the use of LOX and ethanol 
in the huttle Res thrusters will nOl only 
increase afety but will also reduce co ts. 

This work was done by PauL Philipsen, Lee 
May, and Ross Hewitt oj GenCorp Jor 
Johnson Space Center. 
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quality precision linear motion control 
and power transmission components. 

• DIS IBUTOR for over 30 
years Berg has been supplying 
customers worldwide. 

• CUS 0 IZED assembly 
and manufacturing of parts to design 
specifications. 

• SU PO T free technical and 
design assistance through our 
Engineering Staff. 

• CON EN lENT visit our 
website to view our catalog. request 
quotes, fax or e-mail our engineers or 
customer support staff. 

Order your free 
Master 82000 catalog today! 

W.M. BERG, Inc. 
PRECISION MECHANICAL COMPONENTS 

Phone: 1-800-232-BERG Fax 1-SOO-455-BERG 
or visit our website at wmberg.com 

499 Ocean Ave .• E. Rockaway. NY 11518 
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Motion Control System 
Delta Computer 'tem , 
Vancouver, \\' has an-
nounced the addition of a 
high-' ersatili~ motion co n
trOller to its RMC famil of 
motion modules. The DIN
rail mounted controller in
cludes a quadrature encoder 
interface for positi,e conu'Ol 
of motors and linear actua

tors, and a I'nchronous Serial Interface module for 
immuni£) fr';m noise, high resolution, and absolute 
po itioning, while allo"ing the use of transducers, 
absolute encoders, and laser measuring dC\ic from 
various manufacturers. Other features include a 16-
bit analog interface, an -AI , J 2-bit module featuring 
four isolated 12-bit inputs, and the TCI' / IP Ethernet 
indu trial network protocol for PLCs. 

For More Information Circle No. 752 

Integrated Motor 
and Controller 
The ries 3564 BC from 
Micro Mo Electronics, 

, Cleanvater, FL, integrates 
\ a brush less DC motor, 

amplifier, and full-func
tion motion contTol rnod
ule. It combines a ystem 

FaulhabeKl!> coil, precision machining and molding, 
and design miniaturization with a single-chip 
microcomputer, J/all sensor technology, new con
trol algorithms, and digital filtering techniques. In 
addition to motion , velocity, and position control , 
the drive also is capable of torque control , step
ping mode operation, and variable fault protec
tion programming. It is available with a range of 
gearhead , from 3.71: 1 to 1,526: 1 in planetary and 
spur con.structions. 

For More Information Circle No. 755 

Brushless Motors for 
Automotive 
lFM brushless two-wire 

mOlors for automotive 
OEM applications are avail
able from Sa) ide Motion 
Group, Port Washing-ton , 
NY. TI,e motor/ amplifier 

combination features an integrated t"'o-wire brush
less design and an integrated encoder. The motors 
allow substitution of longer-life DC bru hies 
motor for 0 brush-type mOlor . ommulation is 
integrated into the motor. allowing usage off tan
dard battel')' ,'oltage. 

. 'ew 98-page catalog gives in
depth pecifications and 
descriptions of AccuCoderTM 
brand encoders b ' Encoder 
Products. Catalog features a 
full line of Cube"'. indusLn
standard size 25. size 20, .lze 
15. size 58 mm, Cface, and 

uitable for a ,ariel)' of indusLria\ 
counting, motion and motor control. Q-oss-reference 
senice. TWQ-\ear warran~ , one-da\ expr deli, l') , 
tandard deli\'ervH; busine dav . Distributo 

worldwide. Enc~er Products cO" Box 154 , 
Sandpoint. ID ~&W879; phone (BOO) 366-5412; 
fax (20 ) 26W5-I I; """.encoderproducts.com. 

Encoder Products Co. 
For More Information Cirde No. 604 

AC Inverter for 
Motor Control 

SY DRJ\'f. J\' 
erie of A ioverters 

from Omron Elec
tronics, chaumburg, 
IL, feature a digital 
operatOr that utilizes 
quick- tart LEOs for 

eas) programming. The digital operator come with 
a face-mounted speed potentiometer that make it 
po ibl to tart the imerter immediatel) after 
power is applied. The inverters measure 5" high, 
and can be mounted 00 an optional 01 rail brack
et. They can be used for motor control in pumps, 
fans, com'eors, mixers, blower , and compressors. 
Other feature include soft tart and optional RS-
422 and 4 5. The inverters offer V / Hz control with 
a starting torque of 150% at 3 Hz. 

For More Information Circle No. 753 

Motors and 
Gearmotors 
Pitllllan , Harley5\ille, 
PA, offers the LO
COG® ries 8290™ 
26-lTun brush-comnlu
tated DC motOrs and 
gearmOLors that fea
ture a cartridge brush 

assembly designed to reduce audible and electrical 
noise. The 26-mm iron-core motors and gearnlOtors 
are available in three length : 1.79 ", 1.923", and 
2.173". They feature a 7-sIOL skewed armature to min
imize magnetic cogging, even at low speeds, and 
windings are resin-impregnated for reliability in 
incremental motion applications. Two-pole pertna
nent magnet stators are made of bonded neodymi
um iron boron magnets. The units can be cus
tomized with Hewlett-Packard optical encoders. 

For More Information Circle No. 756 

Laser-Based 
Gauging 
Sensors 
The Class II and 
Laser Beam Sensors 
from LMI Selcom, 
Detroit, MI , are 

noncontact laser-based industrial gauging sensors 
based on the shadow measurement principle . 
Available in 15 standard model and diaphragms, the 
ensors look at the shadow they create, and do nOl 

rei)' on surface reflecti"ty for measuremenL They 
are suited for high-speed, nonstationary, hard-to
measure application in rubber, metalworking, alu
minum, paper, and plastics. The sensors consist of an 
emiuer and receiver, and allow measurement inde
pendent of the object in the beam. Measurement 
range \aries from 0.02" to 1.0"; frequency ranges 
from I to 10 kHz. 

For More Information Cin:le No. 760 ----
Motor
Driven 
Pump 
The DPOI05 
DC motor-<lri
ven pump from 
Medo SA, 
Hano,er Park, 
IL, provides V3-

cuum and pres
sure , and fea
tures a cup- eal 

de ign to attain a ''3cuum in exce of 10" Hg, 
and a maximum pre sure of 36 pig. The pump i 
unable for use in gas analvzer, endoscopes, 

blood pressure monitors, and other t)'pes of 
transportable medical equipment. The pump is 
available in 12V or 24\, DC and has a life 
expectancy of 1000 hours. 

For More Information Circle No. 762 
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Robotic Automation 
System 
Vi cotek, Houston , T , 
has introduced a laborato
l') automation tern with 
a seamless integration of 
the companv's Relative 
Viscometer with the 
Z mark roboti hardware 
for complete amomation 
of the solution viscosit 

te ting proce . The operator presents the sample to 
the robot and i then free to do other tasks. The 
robot prepares each sample the same way, every 
time, "ithout operator ubjectivity and variabilil) in 
preparation method. The robot continually checks 
[or new samples, and has increased throughput of 10 
to 15 minutes per sample, depending on the number 
of capping operation necessary for the samples. 

For More Information Circle No. 754 

Motion Control 
Products 

alii 1otion Control, 
~10untain View, CA, offers 
a 96-page catalog of 
motion control products, 
including the Optima, 
Econo, and Legacy Serie 
controllers. The catalog 
features DMCbased con
trollers and provides a 

motion controller com pari on table . Interface 
options include I • P I. CompactP I, PC/ I 04, 
VME., RS-232, B, and EtherneL One- through 
eight-axis versions are available with interchangeabil
ity of steppers and servo motors on any axis. A 20-
page technical reference guide includes an overview 
on motion control , including elements of a servo sys
tem, tuning, and programming. 

For More Information Circle No. 757 

Electric Motors 
and Drives 
Baldor Electric Co., 
Fort Smith , AR, has 
expanded its line of 
Inverter Drive® and 
Vector Drive® motors 
that meet or exceed 

EMA MGI-I998, Part 31 requirements. The motors 
fealure Totally Enclosed Non-Ventilated (TE IV) rat
ings through 20 HP, Totally Enclosed Blower-Cooled 
(TEB ) ratings through 00 HP, and washdown duty 
motors through 10 HP. The Inverter Drive motors 
are approved for explosion-proof environments. The 
motor all feature the Invener Spike Resistant 
(ISR®) magnet wire that is up to 100 times more 
resistant to transient voltage spikes, high frequen
cies , and short rise time pulses produced by 
adjustable speed con trois. 

For More Information Circle No. 761 

Autoclaveable 
Brushless Motors 
Transicoil, a dhision of 
Horizon Aerospace, 'ortis
town , PA, has introduced 
autoclaveable brushless 0 
mOlors for use in powering 
medical instruments and 
other applications where 
sun",ng auLOclave cycles is 
critical. The motors are 
available in ires 5, 8, and 

10. "ith operating \'Oltag of 12 to 48V DC and peeds 
of 3000 to 100.000 rpm. Gearheads are available in 

izes 5 and • "ith ratios of 3: I to 256: I. TIle compan 
sa) that the motors maintain their performance after 
going through 1,000 amocla"e cycles. They feature 
<tainless steel housings, hollow shaft designs, and Hall 
Effect de\ices rated -55 to + 150 -c. 

For More Information Circle No. 763 
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Software Models Motions of 
Space Station System 

Maple- mathematical/analytical software 
Waterloo Maple 
Waterloo, ON, Canada 
519-747-2373 
www.maplesoft.com 

MATLAB computation/simulation software 
The MathWorks 
Natick,MA 
508-647-7000 
www.mathworks.com 

The International Space Station, the largest international 
scientilic program ever, is being built jointly by Canada, the 
United States, Russia, Japan, and 11 European cOlmtrie . At 
tl1e heart of the assembly operation is Canada's Mobile 
Senicing System (MSS), a complex manipulator that includes 
robot "arms· that can pick up and manipulate everything from 
delicate objects to large payloads. Being built and tested at the 
Canadian Space Agency (CSA) facilities in Saint-Hubert, 
Quebec, the MSS will be used to unload equipment from the 
space shuttle, move heavy o~ects, help assemble the space sta
tion, and then maintain it afterwards. 

The MSS includes a main ann (the Space tation Remote 
Manipulator System, or SSRMS). a smaller manipulator with two 
arms (the Special Purpose Dexterous Manipulator, or SPDM), 
and the Mobile Remote Sen~cer Base System (MRSBS). The 
SSRMS is a 15-meter long, seven degrees-of-freedom manipula
tor with flexible joints and booms. The smaller arm has two 3.5-
meter long ann that allow very fine motion for deHcate tasks. 
Each ann has seven acmators, and the entire assembly has 22 
ligid degrees of freedom and more than 30 flexible ones. 

At the end of each of the SPDM an11S is an Orbital Tool 
Change-Out Mechanism, which include a gripper, a camera and 
two Hghts, a socket drive mechanism, and a force moment sen
sor. In a typical task, the SSRMS will move the SPDM to a loca
tion where maintenance needs to be perfonned. One arm of the 
SPDM will grasp a stabilization point, creating a closed kinemat
ic loop. The other ann will delicately remove and replace a part 
on the space tation - a !.ask involving contact dynamics. 

Te ting such a task could be a nightmare, but the CSA has had 
a great deal of experience with manipulators ever ince it built a 
robot ann for the first space shuttle. "Over the past 20 years, CSA 
has de\'eloped modeling and simulation tools for off-Hne and 
real-time simulation of space manipulators," said Dr.Jean-Claude 
Piedboeuf, manager of robotics at the CSA. For the MSS, 
Piedboeuf's group has to verify that every operation will work. 
"The actual hardware is so Hght that it cannot support its own 
weight here on Earth. So we have to simulate and emulate every
thing in software," Piedboeuf explained. 

To verify contact dynamics actious, CSA is building tl1e SPDM 
Task Verification Facility that uses an earth-bound robot modi
fied to perform similar dynamic behavior to the SPDM. The sim
ulation is performed using the dynamic engine of a real-time 
1\Iobile ervicing system Operation and Training Simulator 
(MOTS). The simulator's design is based on CSA' SYMOFROS 
software for flexibJe dynamic modeling. Used in conjunction 

The SSRMS during its development at Spar Aerospace in 
Brampton. Ontario. (Image courtesy of the Canadian Space 
Agency. @Canadian Space Agency 2000) 

with SYMOFROS are Maple sofr-;vare from Waterloo Maple; 
MATLAB, Simulink, Stateflow, and Real-Time Workshop soft
ware from The MathWorks; LabVIEW from National 
Instnunents; and RT-LAB from Opal-RT Technologies. 

SYMOFROS is llsed to develop the robot dynanlic models 
required for the simulation and tlle real-time control of the 
manipulator. It is based on Maple for symbolic model genera
tion, and MATLAB and Simulink for real-time imulation. 

First, every mechanism in tlle manipulator must be defined as 
an object, \vith information describing all tI1e forces associated 
witl1 the object'S motion or tasks. This includes rotation and posi
tion matrices, center of mass, inertia, external torque and forces 
acting on it, gyroscopic effects, beam deformations, internal 
damping, motor torque, and elastic torque. 

eXl, an operator must construct a graphical model, using a 
MATLAB-Simulink program to describe the robot system's 
topology. The operator drags and drops object blocks from a 
library, links them togetl1er, and then downloads the result to 
the Maple engine. 

The dynamics equations are built followingJourdain's princi
ple, which is a variational method in which constraint forces are 
eliminated. The Maple part of SYMOFROS obtains kinematics 
and dynamic recursively and models the flexible beams using 
Euler-Bernoulli approximations. By consistently eliminating 
high order term, it generates equations of motion that are exact 
to the first order. 

When the Maple software completes its symbolic linearization 
of the model and generates tile C functions that will be needed 
for simulation and control, it then optimizes the C code. The 
generated code can now be compiled and loaded into MATLAB 
and Simulink systems for execution. 

MeasUJing the benefits of the software is very difficult, mainly 
because tI1e !.ask could not have been done any other way. 
Fortunatel ', now that the SYMOFROS system is running, the 
R&D department of CSA can use it for a wide variety of tests. 

The SR..\1S was deHvered to J ASA last year and is now being 
tested at Kennedy Space Center' Space Station Processing 
Facility in Florida_ 

For More Information on Waterloo M aple Circle No. 744 

For More Information on The MathWorks Circle No. 745 
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Tha(s right: we've take portable data acquisition to a 
whole nevv level. The DEWE-3010 and DEWE-2010 
completely redefine what a data acquisition system 
should be. Not just portable a rugged, but also open
architecture, so you can upgrade the hardware and 
software long into the future. With modular signal 
conditioners you can mix and match to create your own 
system with dozens of fast channels and up to 2048 
slow/temperature channels! 

DEWE-30 I 0 Ultra-portable 
complete system 

-STD-810 ShockNib" 
Includes DEWEScope+ Software 

• Plug-in DEWE-MODULES 
• Front-ends for any AID card 
• Complete stand-alone systems 

Our DEWEScope+® software makes setup and 
recording easier than ever. Want to use DASYLab® or 
LabVIEW®? No problem - our open-architecture 
platform runs them all (and more) without a hitch. 
Trigger and capture effortlessly to disk at rates up to 
1.25 MHz. With plug-in modules for direct connection 
of every sensor - DC and AC strain gages, charge and 
ICP® accelerometers, microvolts to kilovolts, RTDS and 
therm~coup/es (9 types), LVDTS, string pots, RPM and 
TACH signals from engines and turbines, and more. 

With I OOOV isolation, exceptionally low noise, and 
mUltiple range/filter selections in each plug-in module! 
Dewetron builds rack-mounted and portable systems 
for a wide variety of applications in the automotive, 
aerospace, industrial, process control, research, 
chemicaL medICal research, and other industries. 
Find out what so many others have already 
discovered-for a no-obligation demo, please contact 
us today at 1-401 -782-3866, visit our website, or send 
an email to: justdewit@dewamerica.com 

AMERICA • AUSTRIA • BELGIUM • GERMANY ' NETHERLANDS • SLOVENIA • THE CZECH REPUBLIC · THE U.K. 

All trademarks acknowledged as the properties of their owners. • Certain COROM dnves do not meet Mll·STD specifications 

For More Infonnatlon Circle No. 533 



~., Commercialization Opportunities 

Cadmium Zinc Telluride 
Detectors for Imaging of 
Gamma Rays 

Inexpensive Packaged 
Subharmonic Down-Converter 
MMICs 

With a uitable choice of parameter 
here, it hould be po ible to image hard 
x-ra ' and gamma-ra radiation ource 
at angular re olution of 30 arc econds 
and finer. 

Two packaged monolithic microwave 
integrated circuit (M fIe) mixer are 
designed to operate as ubharmon
icall pumped frequenc down
converter in receiver of atellite- or 
ground-ba ed digital communication ( ee page 44.) 
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IF YOU THINK YOU CAN'T SEAL IT, 
YOU HAVEN'T TRIED 

Pneuma-Seal® is an 
inflatable gasket that is 
pressurized with air. It 
fills the gaps between 
surfaces, even hard-to-seal 
uneven surfaces. When deflat-
ed, Pneuma-Seal quick
ly retracts preventing 
interference when open
ing and closing a door or 
cover. 

Use Pneuma-Seal as an 
effective barrier against pressure 
differentials and to seal out water, 
dust, gas, chemicals, noise and other 
contaminants. 

Typical applications include: 

Processing equipment: chemical, food, textile, pharma
ceuticals, dryers, ovens and where rapid sealing and 
unsealing are required. 
Pollution control: sound attenuation, hopper seals. 
Laboratory facilities: test eqUipment, clean rooms. 
Transportation: military vehicles, aircraft, shipboard, mass transit doors and 
hatches. 
Construction: special purpose doors, flood protection. 

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. 

To obtain our complimentary designer's handbook, engineering 
assistance or to have a Pres ray representative contact you, please 
call, fax, E-mail or reach us on the Worldwide Web: 

~ 
-.--~ 

(914) 855-1220 • Fax: (914) 855-1139 
West Coast: (714) 751-2993· Fax:(949) 475-9859 

E-mail: info@presray.com 
http://www.presray.com 

Presray Corporation 
159 Charles Colman Boulevard 

Pawling, NY 12564-1193 
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tern . The approach taken i to min
imize co ts b u ing e tabli hed de ign 
practices and fabrication technologie . 
( ee page 46.) 

Power Supply for 
Miniature Quadrupole Mass 
Spectrometer 

Thi power uppl generates a com
bination of RF and dc voltages needed 
for the operation of remotely located 
spectrometer. The pectrometer 
could operate unattended for a long 
time. 
( ee page 48.) 

Vapor Corrosion Cell 
Thi cell detects corro ive ga e dur

ing their formation as a result of com
bustion or other proces es. The device 
could be used to monitor air pollution 
in and outside industrial facilities. 
( ee page 54.) 

RS-232-to-Infrared Transceiver 
Thi transceiver erve as a data-com

munication link between the RS-232 ser
ial communication port of a personal 
computer and a remote infrared trans
ceiver running at ~ 4 MHz. 
( ee page 60.) 

"Intelligent" Transceivers Would 
Predict Failures of Parts 

Miniature "in telligent" transceiver 
are pro po ed that would monitor valu
able pieces of equipment, predict im
pending failure, and order parts to 
avert uch failure. 
(See page 62.) 

Network Based on Stack-Tree 
Topology and a 1394 Bus 

A method of designing fault-tolerant 
networks of computers and other elec
tronic circuits minimizes costs by utiliz
ing commercial off-the- helf products 
and tandard for all ystem and compo
nent interface. 
( ee page 64.) 
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-$ Special Coverage: Design & Analysis Software 

Leveraging Intellectual Assets 
to Streamline Product Design 

Design re-work is happening at an alarming rate of more than 65% in most 
companies - simply because they did not know that a problem already had been 
solved. To truly leverage a company's knowledge, a fully automated technology 

is required to keep up with the information being created. 

Getting the most out of your com
pany's intellectual assets serves two 

critical function for technology compa
nies. First, finding technology to com
plete a product de ign without "re-in
ven ting the wheel," and second, 
licen ing technology to create an addi
tional revenue stream. A few larger com
panies have made intellectual property 
(IP) licen ing a billion-dollar-per-year 
contribution to their bottom line. With
out truly knowing the content of your 
intellectual property, you are at risk of 
mi sing a chance to exceed revenue 
goals. Intellectual property evaluation is 
a daunting challenge using today's tra
ditional methods of reading, sorting, 
and key-word indexing. onetheless, it 
i an e sential requirement for compa
nies LO "di cover what they know" to 
avoid costly re-work, and to find ex
tended life for their pa t discoverie , 
thus growing revenue. 

Getting Started 
The traditional first step in intellec

tual as et evaluation involve getting all 
documents into electronic format for 
on-line access, and the use of document 
management tool that help to organize 
documents by titles and indexed key 
word . There are many firms that pro
vide document conversion ervice using 
scanners and optical character recogni
tion oftware (OCR). A company pro
vide filing cabinets filJed witll paper, 
and the document-conver ion firm re
turn digital documents (along with tile 
originals, of cour e) . 

The next step is to load the docu
ments onto computer server , adding 
them to the exi ting on-line document 
et, making them available on the com-

pany Intranet. Here i where document 
management tools can help. They pro-
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vide an infrastructure and organization 
to storing documents. The e tools also 
provide u er-ba ed acce s and ecurity, 
and can u-ack revision and many other 
tatistics. etting up the file sy tern be

comes a daunting challenge because you 
oon find out that you will need to cre

ate hundreds of folders that may con tain 
hundreds of sub-folders that may con
tain thou ands of file. 

Luckily, there has been some develop
ment of automated categorization tools. 
These tool examine the title, and may 
even extract key words from the text to 
determine where to place the docu
ments. A key-word directory may even 
be set up for earching, but as you might 
imagine, a simple search may yield hun
dred or thousand of documents COI1-

taining tho e key word. This i imilar 
to what happens when you try a earch 
on the Internet, although not as bad. 

ow a critical que tion ari es. Are you 
earching for documents or for an wers? 

If you focus on IP asses ment, you are 
looking for all solutions to a specific 
problem, so you can understand your 
expertise in a particular area_ For exam
ple, how to detect infrared light, or re
duce vibration, or deposit thin film. On
line files and document management 
may appear to be a good start, but ulti
mately companies need the ability to au
tomatically extract and organize all the 
key concepts within their entire intellec
tual property portfolio. Since this infor
mation is doubling every seven months, 
automation i very critical to ucces . 

inclUsion of_-SOIubIe ~stablllz8 emulsion stablliZinapo!ymer '--______ ---1 

• Con(.4lpl: Induslon ef W 1er-soluble SIlIblll2ing polymer - SIll ilize - emulsion 

-~ ...... cieon .. -:~ 

~
-~-1IPf !!)*t----[!i """""".m of IruI:;to. , __ iwel_ ~ 

!!) "''*>noIed_-§1 
SlebI:ze ~ • 

• .... , .. , ~ 

1 _. a solution 0/ potential} solid material in the hydrophobic liquid and converting thl. 
solution to. solid phas •• and the em loIIon Is ltabWzed by th. Indusl ... of water
sol ubI. Itablllzing polymer in the aqueous ph.s. and o~ solubilizing stabilizing 
matanal. genmUy polymer. III the oil phaSI. 

lIS patent 6.051 $2 SttbWzatioo and use gfhgtemggoeous hooid composllions 

CoBrain processes documents at 1MB/minute. and creates a problem-solution index. In this 
example, there are four solutions to stabilize an emulsion. The water-soluble polymer solution 
is selected. and a brief excerpt. along with a link to the original document. appears. 
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Automated IP 
Assessment 

Semantic proces ing 
technology hold the key. 
emantic knowledge pro

ce sing software addres e 
the needs of Information 
Technology (IT) depart
ments, knowledge man
agers, R&D teams. and IP 
profe ional. Programs 
such as CoBrain from In
vention Machine orpora
tion (Bo ton, MA), are fun
damentally de igned to 
read on-line text docu-
ments, analyze sentences to 

lendsion 

st.Dize n At.!v FiJtJ AND endsion n At.!v FiJtJ 
AND 
[!J stabile iJAt.!vFiJtJ 
1Il ........ . AI¥IWI 

determine meaning, ex
tract al l key concepts, and 
automatically create the 
content and index for an 
Internet or Intranet portal. 

p SntIIt~ r s.'*lI __ ~ .... r £ .. T_ 

enough information to 
determine all pos ible 
licen able IP, since 
companie need to 

know the markets for 
their technolog}. Once 
again. emantic pro
cessing can help. One 
can semantically pro
ce the public-domain 
patent portfolio of 
competitors and part
ner. or perform a 
topic-based approach. 
all leading to a func
tional index howing 
an overlap 01 a com
plement to the tech
nology that you wish to 
license. 3 .. 

The content is organized 
by functionality, which i 
ideally suited for intellec-

Eliminating 
Re-Design 

Long-term revenue 
growth, market hare, 

tual property a essment, 
as you will find all solutions 
to any specific problem 
within a single folder of the 

Patents from the U,S. Patent Office server are searched and' then automatically 
structured in an SAO tree. 

and competitivenes 
are the mo t compel
ling reason why com-

index. This index is based on meaning, 
so queries will return answers. The 
problem-solution format is suited to the 
design community, as they are looking 
to find olution to their tasks. 

For example, using the older tech
nologies available, an engineer or scien
tist would key-word earch their Intranet 
repositorie or the Internet for ways to 
reduce friction or deposit thin film, and 
all too often tells of thou ands of item 
are Ii ted. It then take hours or even 

da} to \\."ade I:hrough this information to 
find any rele'"allt knowledge. On the 
other hand. knowledge proce ing oft
ware has an understanding of words, 
contexts, and relation hip . 0 the multi
pas reasoning andemantic algoril:hms 
will extract all ke concepts and create a 
problem-solution index. , 'ow, designers 
can po t a query and gel pecific answers 
to their que tions, as weB as find other 
experts within their company. First, the 
company ees a producti\1ty increase, 
and then a way to tan new projects 
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based on existing work, thus avoiding 
co tly re-work. 

This knowledge index gives a clear un
derstanding of their IP. and allows the 
company to more easily determine what 
could be licen ed. For example. a com
pany can see aU of their olutions for re
ducing friction, such as carbon-coating, 
graphite, graphite fibers, and oil. A brief 
review could reveal that carbon-coating 
technology is not being used. and could 
be licen ed easily to third parties. Or, 

they may see multiple generation of a 
ingular technolog:. and be able to de

tennine if first- or second-generation 0-

lution can be licen ed, now that they 
are u ing a third- or fourth-generation 
technology. 

Without knO\\;ng the company's com
plete technologr portfolio. organized 
into a functional index, it would be a 
long and difficult proce to begin IP li
censing, and probably is why 0 few 
companies take ad\"antage of it. The 
index alone may not yet provide 

www.nasalech.com 

panies J11U t le\'erage 
their intellectual a ets. Design re-work 
is happening at an alarming rate of 
more than 65% in most companies -
imply because they did not know that a 

problem already bad been oh'ed. Com
petition and market pre Stires point to 
higher productivity and more innovative 
product development. To truly leverage 
a company' knowledge, a fully auto
mated technology is required to keep 
up with the information being created. 
This technology must be able to read. 
extract all rele\"ant information, and au
tomatically creale a knowledge index 
based on problem and olutions. 
When an employee querie this knowl
edge base, answers are returned - not 
a list of documents. 

The "make v . buy" decision for 
product development is now an ab
solute step in the development process, 
o more and more companie continu

ally areearching for IP that can be Ii
cen 'ed and incorporated into their 
products. Semantic proce iug technol
ogy automatically will organize the 
company' knowledge into vertical 
knowledge ba es, along with an index 
of functionality. 0 they can al 0 as e 
their intellectual property and deter
mine what can be licen ed for addi
tional re\'enue. 

For ilIOn' inJamwion. contact the author, 
Philip Gt>orgr. Vue Pl7!Sident oj IVorldwidR 
Markeling, Jor Invl'1ltion Alachine Corpora
lion; Tel: 617-305-9250. Visit the Invtmlion 
MachinR web site at www.inlltlltion-machilll'. 
com. 
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@ Computer Program Automates Thermal Analyses 
This program reduces the costs of thermal analyses of hypersonic flight systems. 
Lyndon B. Johnson pace Center; Houston, Texas 

A computer program (ee figure) 
has been developed to erve a a time
and co t-effective mean of automating 
thermal anal e of uch hyper onic 
flight sy tems as the pace shuttle or
biter, the ational Aerospace Plane 
( ASP), and the crew return vehicle 
(CRV). Heretofore, thermal analy e of 
the space shuttle orbiter have been 
performed manually and have, there-

fore, been hindered b long cycle time 
and the ri k of human error. The pre
sent thermal-analy i automation pro
gram, which repre ents an advance in 
the state of the art, i expected to en
able the izing and analy i of thermal 
protection systems (TP s) of re-entry 
pace vehicle (R Vs) while increasing 

the accuracy of the analyse, reducing 
the amounts of labor needed to per-

Smoothing 

form the analy e, and reducing tlle 
co t of the analyse . 

Because the de ign of the TP of a 
pacecraft affect the weight and 

thereby directly affects the operational 
co t and performance of the pace
craft, it is vital that adequate TPS mate
rials be sized to minimum pos ible 
thickne es. From a thermal per pec
tive, the de ign is constrained by (1) 

Heating Pressure 

Initial Temperature File 

One-Dimensional 
Smoothing Output 

Temperature-Gradient 
L------~------------I Data for Printing and 

Display 

This Program Flow Diagram has been made as concise as possible to show data links among data-base files. 
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Component Maximum 
Temperature 
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Considering Engineering Simulation? 

(Sometimes, your decision is black and white.) 

-eSlg 
To read the complete ARA Engineering Report, 

Mainstream CAE Tools: 
Technical Considerations and Informative Comparisons, 

visit www.ara-eng.com/special-report.htm 

ANSYS and DeIigo~.,. raglsta<od" #Ie u.s. Patent .... TradomaI1< OIfice.ANSY~ and 
ANSY~ e"""" .... _ 01 $AS IP. Inc., a whoIy _ -.y 01 ANSV5, lnc.AI_ trade-
maI1<s and rogIII8fod _ ""' .... _ 01 th<w ___ CI2000 SAS Ip, Inc. AI rIghts.-. 
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the maximum temperamre allowable 
on the pacecraft kin, and (2) the 
compo ition of, and thermal gradients 
in, components of the TP . Maximum 
thickne e can be expected to differ, 
largel depending on location on the 
pacecraft. To adequatel defme TP 

thickne se for an RS , it is nece ary 
to perform numerou TP - izing analy
es. izing analy i i performed on a 

local-area ba i , and engineering time 
i directly related to the number of siz
ing analyse performed. Moreover, cov
erage of spacecraft area ha some
times been compromised to meet 
delivery chedule. Therefore, even 

after a izing ta k ha been completed, 
a con iderable amount of engineering 
time i needed to verify the adequacy 
of faired TP thickne e, maximum 
kin temperature, and tructural ther

mal gradients. 
With the help of the thermal-analysis 

automation program, the e task can be 
performed easiJ - even if thermal 
analy e are required and mu t be re
peated many time for pacecraft de-
ign. Additional capabilitie of the pro

gram (e.g., tho e based on gradient 
moothing technique) enable prelimi

nary airframe de ign to be performed 
to eliminate thermal-load problem in 

Superior image and data transfer ... 
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From the furthest star 
to the smallest microbe. 

There are many 
reasons EDT 
data/camera 
interface boards 
are used in 
astronomy, 
medicine, 

industry, aerospace -
anyplace where exceptional 
and dependable performance 
is crucial. 

• Exceptional speed, using the 
computer's own memory for 

sophisticated data or camera 
interface tasks. 

• PCl/RCI fiber-optic interface 
available on several models 
for flawless image transfer 
and total flexibility in 
locating your computer. 

• Engineering customer-support 
that ensures seamless 
integration of your system. 

Wherever your research or 
innovation takes you, contact 

high-speed access. 

• Simple and practical 
designs that easily 
handle the most II 

EDT today and see how 
our products provide 
the extraordinary 
interface performance 
your work demands. 

Engineering Design Team, Inc. 

1100 NW Compton Dr., Suite 306, Beaverton, Oregon 97006 
Phone: 1-800-435-4320 • Fax: (503) 690-1243 

email: info@edt.com • www.edt.com 
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the earl tage of pacecraft de ign. 
Heating-interpolation and heating-
creening features can be applied to 

man different type and tage of ther
mal analy is. The trajectory difference 
can be evaluated easil b u e of the 
heating-interpolation option of the pro
gram, and the heating- creening option 
help to reduce the amount of work to 
a minimum by bypas ing the thermal 
anal i in area where changes in heat
ing change are negligible. 

This work was done by un I. Hong of Boe
ing orth American fOT Johnson Space 
Center. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Physical 
Sciences category. 
MSC-22788 

8 Automated 
Generation of 
Acoustic
Propagation 
Computer Codes 
Traditionally labor-intensive 
programming tasks are 
performed automatically by 
software. 

John H. Glenn Research Center, 
Cleveland, Ohio 

A computer program written within 
the Mathematica software ystem automat
ically generate FORTRAN computer 
codes that numerically simulate, with 
high accuracy, the acoustical physics of 
complex unbounded three-dimensional 
or bounded two-dimen ional flow fields. 
The program i a significant contribu
tion to the field of computational aeroa
coustic (CAA), which combines the tra

ditional disciplines of acou tic and 
computational fluid dynamic (CFD). 
The program was developed, as a first 
step, to accelerate and facilitate analysis 
of noi e generated by turbofan aircraft 
engines. It can also be applied in many 
otller endeavor that involve the genera
tion, propagation, and/or scattering of 
electromagnetic as well as acoustic wave , 
or in which there are requirements to 
obtain highly accurate solution of sys
tem of hyperbolic partial differential 
equation that describe physical phe
nomena in complex environments. Prior 
to the development of thi program, con
siderable programming effort was neces
sary even to obtain a low-accuracy com-
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Inputs 

• Computational Parameters 
• Geometric Data 

Code-Generator Program 

(In Mathematica) 

Outputs 

(FORTRAN Code Files) 

but, in cory unction with the 
development of the present 
program, have been extended 
to three dimensions with ac
curacy up to 29th order in 
space and time. 

Unfortunately, the complex
ity of the coding task in the 
original form of the MESA 
schemes was very high , so that 
in a given application, either 
the desired code could not be 
compiled or else it took an 
impractically Long time to 
write the code in FORTRAN. 
The present code-generator 
program automatically codes 
the MESA schemes into FOR
TRAN. As part of the develop
ment of this program, the 
MESA schemes were reformu
lated into a very simple form, 
making it practical to use 

allelization of codes for execution on 
large-scale parallel computers. 

This program is a "turnkey" code-gen
eration oftware tool. Given input in the 
form of computational parameters plus a 
set of parametric curves that describe the 
object(s) that bound a flow field, the pro
gram automatically generates the code 
that simulates the acoustical physics of 
the flow field. The program thus relieves 
engineers and scientists of the tradition
ally labor-intensive tasks of generating 
computational grids, developing algo
rithms to solve the governing differential 
equations, coding the algorithms in FOR
TRAN, and ensuring that wall boundaries 
are treated correctly. By shifting these 
tasks to computers, the program can be 
expected to increase its users' productiv
ity and capability. Additional work is re
quired, however, to fully simulate 
bounded three-dimensional problems. 

Once the Problem Is Specified in terms of computational param
eters (e.g., numbers of grid points) and geometric data, the 
FORTRAN code files needed to solve the problem are gener
ated automatically. 

these schemes without the au
tomation or, alternatively, 
making these schemes very 
powerful when the automa-

This work was done by Rndger W Dyson 
and John W. Goodrich of Glenn Research 
Center. Far further information, access the 
Technical Sup part Package (TSP) free on-line 
at www.nasatech.rom under the Infonnation 
Sciences category. 

puter code for a typical application. The 
code generated automatically by this pro
gram is far more accurate and efficient 

In the original turbofan-noise applica
tion, there is a need for numerical-simu
lation software that has sufficient fidelity 
to simulate steep gradients in flow fields 
and that is efficient enough to run on 
today's computer systems. The present 
code-generator program was developed 
to satisfy this need and, more specifi
cally, to create software that numerically 
solves the linearized Euler equations of 
flow on Cartesian grids in three-dimen-
ional spatial domains that contain bod

ies with complex shapes. 
The codes are based upon the recently 

developed Modified Expansion Solution 
Approximation (MESA) eries of explicit 
finite-difference schemes. The essential 
idea behind the MESA schemes is to ap
proximate the solutions of the partial dif
ferential equations in tead of approxi
mating the individual derivative terms. 
The MESA schemes use multidimen
sional patial interpolation and the con
structive procedure in the proof of the 
Cauchy-Kovalevsky theorem to develop a 
local series approximation to the solu
tion of the system of partial differential 
equations in both space and time. MESA 
schemes provide spectra\like resolution 
with extraordinary efficiency and can, 
theoretically, offer levels of accuracy that 
are arbitrarily high in both space and 
time, without the inefficiencies of Runge
Kutta chemes. The MESA methods were 
originally developed in one and two di
mensions with accuracy up to 11 th order, 
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tion is used. The program 
provides means for treating grid-aligned 
solid wall boundaries in two dimensions 
with accuracy up to 11th order, and for 
treating generalized two-dimensional 
boundaries with accuracy up to second 
order. It also provides for automated par-

Inquiries concerning rights far the commer
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Rnad, Cleve
land, Ohio 44135. Refer to lEW-16970. 

The best your 
analysis can be 

~. 

Numerical Libraries Features 
• templates for each and every routine gets your 

programs up and running fast 
• cut and paste sample data, programs and results 
• broad coverage of mathematics and statistics 
• new releases on a regular basis 
• Window®9BI NTTh', Unux & UNIX 
• extensive on-line documentation 
• one year support included 

Medical Fortran 77 Library C Library 
Parallel Library & F95 Compiler 

IRIS Explorer - extensible software for analyzing and presenting data 
• Collaborative visualization • Visual programming environment + 

+ VRML for web viewing + Extendable functionality + Modules & Widgets. 
• Solid contouring for 20 & 3D data + Demo maps • Texturing • OpenGL • 

N~· NUMERICAL ALGORITHMS GROUP 
info-ntb@nag.com • 630-971-2337 • www.nag.com 

For More Informat.ion Cirde No. 417 35 



@ Rule-Based "Intelligent" Monitoring Software 
This program helps to automate the analysis of batch or real-time data. 
Dryden Flight Research Center, Edwards, California 

Dryden Flight Re earch Center has 
developed a computer program that 
perform ignal management for analy
i in real time ( MART). This program, 

called " MART,» has been effectively 

Real-Time Real-Time 
Simulation Mission-Control 

Signals Signals 

SMART 

u ed ince 1991 in F-l , X-31 , LASRE, 
and X-33 program . 

Figure 1 depicts the architecture of 
MART. ignals are processed by execut

ing rule (repre ented by Boolean ex-

"Get Data" 
Spreadsheet 

Batch File Subprogram 
(Part of SMART) 

Inputs 

Rules 
(Knowledge Base) 

+ 
Real-Time Unix 

X-Window 
Message Stack 

+ 
I + I + Outputs 

Time-Tagged Printout of Current Real-Time Buffered 
Event Log File Message Stack Messages 

Figure 1. SMART can receive input from any of four sources, one of which is part of SMART itself. 

Message Counter 

\ 
...... 10 ri-; SMART Messages 

12:51 :10.216 I Menu L Hold L Latch 
TIme of Day 

10:59:53.689 ABORT last main valve temp; H2=17C; L02=18C, H20=19C 

pre ion ) that generate me age on a 
UNIX X-Window. Inputs to MART can 
come from any or all of everal ource , 
as di cu sed below: 

One of the ources can be a computa
tional simulation. SMART is very 
effective for u e in a simulation en
vironment, because the simulation 
cripts can be used in conjunction 

with the rules to automate pas / 
fail criteria for oftware te ting. 

uch raw words as signal on a 
1553- tandard bus are very easily 
decoded by MART into meaning
ful textual character strings. As 
cript are run, test words can be 

controlled to indicate to SMART 
that a particular test is being run. 

MART generates the appropriate 
me ages for the autotesting of the 
simulation software. All tests are 
exactly repeatable, very fast, and 
elf-analyzing. 

Another source of input to 
SMART can be a control room for 
an aircraft or spacecraft rni ion. 
The use of SMART during flight 
testing in uch programs as the X-31 
and LASRE has proven to be very 
valuable. For flight testing, safety of 
flight i the primary concern, and 
SMART works very well because 

Buttons for Resizing X-Window 

'..--com~", C,1d ~ 
~ 

10:59:53.689 ABORT actual mn valve curr ; H2=3.4 amp; L02=0.2 amp; H20=0.2 amp 

Message-Stack 
Field 

10:59:53.689 ABORT cmded mn valve curr ; H2=3.3 amp; L02=0.0 amp; H20=O.2 amp 

10:59:53.689 ABORT last main valve valve posn; H2=0.22 in; L02=0 deg; H20=0 deg 

10:59:53.753 ABORT latch last 5:as2:11 as2 :11 as2:11 as2:11 

10:59:53.753 ABORT latch@as2:11 , PT065 1 ; val=101 ABOVE limit 92 

10:59:53.753 ABORT eu: PT0651 ; curval=33 ; hilim=30 

<11 

Figure 2. A Dynamic Message Stack contains the primary output of SMART. 
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health and status words are con tantly 
being monitored. tatus i not missed be
cause when any fault is detected, a new 
colored (red) message is added to the top 
of a real-time UNIX X-"Window me age 
tack. An additional benefit is that each 

such message is time-tagged. Data can be 
analyzed easily becau e SMART gi es 
event time . All faults are immediately 
made known to enable quick action by a 
flight-test team. 

A third ource of input i a "GetData" 
balch file. The capability to receive data 
from this ource is a recent addition to 
SMART. SMART reads the batch file, 
frame by frame , at whatever rate the data 
come in, and generates messages ac
cording to the rules. This capability is 
very effective in automating the analysis 
of batch data. Certain events can easily 
be tested by the rule and message gen
erated. It is also very helpful in develop
ing the rule by use of known events rep
resentative of those that it is very 
important to be able to detect. 

A fourth source of input i a spread-
heet ubprogram that i part of SMART. 

This subprogram is used b a rule devel
oper to test the rules. There i an option 
to automatically load all the ignals from 
an input rule ource onto a preadsheel. 
The te ter can click a cell and type the de-
ired data value to test the rules. The mes
age( ) appear on the stack when the rule 

has been satisfied. 
The primary output of MART con-

ists of mes age put into a dynamic 
stack. ew me age are alway added to 
the top of the tack and as old mes age 
are rescinded, the tack is compressed to 
fill in the gap . Message can also be 
color-coded to enhance the visibility of 
de ignated information. The current 
me sages in the stack can be sent to a 
printer at any time by use of a print com
mand on the SMART window. 

The SMART window provide an op
tion to ave the messages in a log file on 
a hard disk. Thi option is very useful for 
saving time-tagged event information for 

testing. Certain information can be 
carmed out from thi file by use of stan

dard UNIX commands; thi feature was 
found to be very u eful in the LASRE 
program. 

Another option, which wa recently 
added to SMART, provides for trigger
ing by a rule to generate a mes age and 
the current time and record the me -
sage and its time tag in a file. Informa
tion i continuously written into this fi le 
as long as the nlle i ati fied. The mes
sage is defined by the developer. The 
me age could be, [or example, a param
eter to be recorded whenever a fault 
flag i et. This option is meant to be 
used as a tool for analyzing anomalies as 
quick] as po sible. 

This work was done 1Jy Richard Larson of 
Dryden Flight Research Center. For fur
ther information, access the Technical Sup
port Package (TSP) free on-line at 
unuw.nasatech.com under the Information 
Sciences category. 
DRG99-28 

0- Comprehensive Micromechanics-Analysis Code (MAC/GMC) 
Composite-material structures with complex thermomechanicalload histories can be analyzed. 
John H Glenn Research Center; Cleveland, Ohio 

Micromechanics Analysis Code Witll 
Generalized Method of Cells (MAC/ 
GMC) is a comprehen ive, user-friendly, 
efficient computer program tllat predicts 
the elastic and inelastic thermomecharu
cal responses of continuous and discon
tinuous composite materials with arbi
trary internal microstructures and 
reinforcement shapes. This program en
ables the efficient analysis of composite 
structures subjected to complex thermo
mechanical load historie. MAC/ GMC 
won second place in tile 1997 NASA Soft
ware of the Year competition and has 
been applied in industrial, government, 
and academic setting to such diverse 
composite-material structures as turbine 
parts, tires, and even brain tissues. 

The predictive capability of MAC/ 
GMC rests on the mathematical model 
known as the generalized method of 
cells (GMC) - a continuum-based 
model of micromechanics that provide 
closed-form expression for the macro
scopic re pon e of a composite material 
in term of the properties, sizes, shape , 
and re ponses of the individual con-
tituents or phases that make up the ma

terial. The visco plastic and fatigue-life 
characteristic of the constituents or 
phases, are in tum, represented by ad
vanced, physics-based mathematical ub
models. 
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The GMC also incorporates expres
sions that relate stress and strain fields 
within individual constituents to macro
scopically applied stresses and strains via 
stress-concentration factor. These ex
pressions make possible the investiga
tion of failure processes at tile micro
scopic level at each step of applied-load 
history. The GMC also affords a capabil
ity for studying the influence of the 
strengths of bonds of fiber/ matrix inter
faces; this is an important capability be
cause the strengths of these bonds 
strongly influence the progression of 
damage. 

MAC/ GMC enhance the basic capa
bilitie of the GMC by providing a mod
ular software framework wherein one 
can take advantage of any or all of tile 
following options: 
• Various tIlermal, mechanical (stress or 

strain), and thermomechanical load 
histories can be impo ed. 

• Different integration algoritllms can 
be elected. 

• Any of a variety of constitutive sub
model for constituent materials can 
be elected from a library of such mod
els or implemented via a subroutine 
defined by the user. 

• Any of a variety of fiber architectures 
(unidirectional, laminate, and woven) 
can be selected from a library of repre-

www.nasatech.com 

sentative volume elements or be de
fined by user. 

• A postproce sing ubprogram for 
graphical display of microscopic and 
macroscopic field quantities is avail
able (MACPOST). 
The most outstanding feature of 

MAC/ GMC is its ability to accurately 
model composites with laminated and 
woven fiber architectures at minimal 
cost and with minimal input by me user. 
MAC/ GMC can be executed in conjunc
tion with standard linear and nonlinear 
finite-element analysis programs for 
cost-effective design and analysis of large 
structure , including fully time-depen
dent deformation behavior of con
stituents. It is also possible to model 
porosity, damage, interfacial regions 
around inclusions, and deterioration of 
interfaces. Multiaxial states of stress or 
strain can be applied and predicted ac
curately, regardles of the orientations of 
fibers. 

One advantage of the use of consti
tutive ubmodels i m.at any type of 
simple or combined loading (e.g., 
multiaxial stress) can be applied, irre
spective of ymmetry or asymmetry, 
and without resorting to different 
boundary-condition application strate
gies . An analytical macro elastic
tIlermo-ineJa tic constitutive law offers 
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the advantage of reducing the amount 
of memory needed in a finite-element 
tructural-analysis code; it al 0 enable 

coupling of optimization algorithm 
with the olution for automated tailor
ing of the material and tructure 
under analy i . Furthermore, this for
mulation has been hown to predict 
macro copic beha\'ior accurately, given 

onl a few ubcell within a repeating 
cell. 

This work wa done by teven 1\1. 
Arnold of Glenn Research Center, Brett 
A. Bednarcyk of Ohio Aerospace Institute, 
and Thomas E. Wilt and Daniel E. Trow
bridge of the University of Akron. For fur
ther information, acces the Technical 

upport Package (T P) free on-line at 

tJ Software for Analyzing Forth Programs 

www.nasatech.com under the Alachinery/ 
utomation category. 
Inquiries concerning rights for the commer

cial use of this invention should be addres ed 
to il il Glenn Research Center; Commercial 
Technology Offue, Attn: /eve Fedor, Mail 
top 4-8, 21000 Brookpark Road, Cleve

land, Ohio 44135. Refer to LEW-16 70. 

Various parts of code can be categorized and quantified in selectable ways. 

Marshall Space Flight Center, Alabama 

Forth Source Code Analy i Tool et 
(FSCAT ) is a computer program that 
provides a \vide range of capabilities for 
documenting, analyzing, and rever e-en
gineering computer programs written in 
the Forth programming language. FS
CATS also aids in the management of 
oftware, estimating costs of software, 

and development of metric for charac
terizing oftware. 

The functions performed by FSCAT 
include the follo\ving: 
• Categorizing lines of code and count

ing the lines in each category; 
• Producing cross-references for all 

word, constants, and variables; 

• Producing cross-references for all defi
nitions; 

• Identifying unu ed and multiplicate 
definition; 

• Identifying unused and undefined 
Forth word; 

• Identifying development system code, 
missing library definitions, and mis -
ing compiler definitions; and 

• Listing a call tree at electable level of 
detail 
- All symbols (full structure) 
- elected categories of symbols (par-

tial structure) 
- Only application-code-type symbol 

(classical structure chart) . 

The aforementioned function are en
hanced by pre enting all re ults in table 
in the Microsoft Access software environ
ment The availability of results in tabular 
form provides the user with extraordinary 
flexibility in tailoring FSCAT to produce 
a wide range of orted and filtered views. 
By use of the report capabilitie of Mi
cro oft Acce ,table of summary infor
mation can readily be printed as needed. 

The figure depicts an interactive dis
play, denoted the "main form," used to 
control the operation of FSCATS. The 
main form contain eight command but
tons for processing a source code and ob
taining re ults. Command buttons 2, 3, 

~ frmFORTH_CODE : Form I!!!I @I f3 
and 4 enable the user to 
view the source code at 

Path for Forth source code C:\directory\ 

COMMANDS 

1 . Count Forth Code and Create Parsed 
ForthWordList 

2. Delete the Non Target Code Embedded 
In f[ ... ]f from the ForthWordList table 

3. Remove Numbers and Common Forth 
Words From Table ForthWordList 

4. Remove library symbols from ForthWordUst 
[all lower case and non-alpha symbols] 

S. Divide ForthWordList Table Into 
tables: Definitions and References 

6. Count Usage of Definitions vs. 
References 

7. Create Table Containing Only Unique 
References 

8. Walk The Call Tree defined by tables 
ForthWordUst and Definitions 

Source Code: 

• File Set A 

File Set B 

(\ Log Source Code to Table Scratch 

Line Number 

Walk Parameters: 

Starting Value of the 
program counter 

Maximum symbols to include 12000 

The Main form of FSCATS is an interactive display containing command buttons for selecting among options for process
ing code and obtaining the results of processing. 
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the three levels of detail 
mentioned above. The 
structure-chart level ob
tains when all filters are 
used and the remaining 
code set consists of appli
cation-level Forth words. 

FSCATS was written 
for execution on an 
IBM-compatible com
puter containing a '486 
or higher processor with 
at least 10MB of free 
hard-disk space and 
16MB of random-acce s 
memory. The Windows 
95 or Window T oper
ating system, the Office 
95 software, and Mi
cro oft Acce s (ver ion 
7.0 or later) are needed 
to run F CAT . 

This work was done by 
Michael Neighburs of 
Micro Craft Inc. for Mar
shall Space Flight Cen
ter. For further informa
tion, please contact the 
company by e-mail at 
lheneighbors@Ubra. net. 
MFS-31255 
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As clock speeds approach 1 GHz even the simplest passive elements cause 

propagation delay, cross talk, and ground bounce. Eliminate glitches, resets, 

and logiC errors by simulating entire signal paths. 

Rely on Ansoft's high performance 

EDA solutions for your signal 

integrity and EMI needs. 

Contact us for a free evaluation at 

412-261-3200 or info@ansoft.com. 

For More Information Circle No. 460 



-$ Special Coverage: Design & Analysis Software 

the late t version 
of Helix De ign 

stem N design 
software . The 
program al 0 

feature Helix 
Craftsman, a topological modeling toolkit for local shape deforma
tion, de ign change, and accurate model healing. Helix2000 incor
porate dual-hybrid modeling that integrates urface with solids, 
combining both parametric and topological de ign change . 

Other improvements include a new dragging axis for easier po i
tioning by intelligently snapping parts into place. sers can embed 
mating condition intelligence into parts prior to assembly, so they 
"understand" how they should fit together. The oftware also allows 
creation of annotation symbol for tolerances and urface fini h . It 
can convert 2D AutoCAD- drawings into 3D solids. 

For More Information Circle No. 711 

GE Fanuc Auto
mation, Char
lottesville, VA, has 
introduced /XMan
ager Automation 
Management 
System Version 
1 .20 grap hical 
automation analy
sis software with 
an HTML inter
face that enables 

u ers to click on cu tomized graphical representations of their loca
tions in a facility. 

Providing management and analysis of automation systems soft
ware, the program is a client/server sy tern with version control, audit 
trail, security, and scheduling capabilities. The software supplies the 
analysis and reporting tools necessary to meet validation or quality 
system requirements, and optimizes engineering practices through
out system life cycles. 

For More Information Circle No. 714 

InduSofl, Hilton Head, C, 
offers InduSoft Web Studio 
data analysis software that 
displays information from 
any control or data acquisi
tion system that conforms to 
Microsoft's DNA architec
ture. It works on any stand
alone Windows PC, or on a 
client/ erver sy tern that uses 
thin client workstations. The 

software allows the use of popular Web browsers such as etscape or 
Windows Explorer to display real-time, dynamic and animated graph
ic screens, trends, alarms, and reports. 

The program exports data using XML formal, and includes an 
object~riented database based on the Microsoft SQL environment 
for storing and retrieving information. It also includes math func
tions, report generation, archiving, batch recipes, and interfaces for 
PLCs, remote I/O, serial links, and TCP / IP networking. The software 
also provides automatic error checking. 

For More Information Circle No. 713 

prietar circuit 
imulation engine, 

component for 
mixed analog/ dig
ital de ign, and a 

target generation ystem. The proprietary AC circuit imulator fea
ture full graphical schematic entry and editing. 

Other enhancements include circuit synthe i with more than 500 
predefined circuit templates and built-in design equations; mixed ig
nal circuit components including FD Rs, Z-impedance, and poten
tiometer ; and analog ftIter design wizards for any Allpole or Elliptic 
filter. Proce ing features for Monte Carlo, thermal, noise, and poten
tiometer analysis are included. 

For More Information Circle No. 712 

IDL Wavelet Toolkit 
data analysis software 
from Research Sys
tems, Boulder, CO, is 
an add~n to the lOL 
(Interactive Data Lan
guage) visualization 
and application soft
ware. The toolki t 
enables IDL users to 

... ... .,...:..," • • analyze, filter, and 
compress large 

amounts of data for storage or Internet posting. Users are able to 
manage projects, import data, define wavelets, and vi ualize the 
results from a single graphical user imerface. 

Other featu res include a di crete wavelet transform, 3D wavelet 
power spectrum visualizer that plots wavelet power as a 3D surface, 
and the ability to import data from ASCII , JPEG, GIF, TIFF, binary, 
and .wav audio file formats. The software enables users to filer out fre
quencies and white noi e that how up in data. 

For More Information Circle No. 710 

COADE, Houston, TX, 
ha introduced CAE
SAR II Ver ion 4.20 
pipe stress design and 
analysis software for 
Window 95 / 98/ T. 

ew feature include 
hydrodynamic load 
analysis, linear and 
power law current pro
files, and a wave 

scratch pad to view the recommended theory graphically or to plot the 
specified wave's particle data. It also includes the Airy, Stokes 5th, and 
Stream Function wave theorie . 

The package includes pipe tres analysis; API, NEMA, WRC, and 
AI C component evaluation; component databases; automatic spring 
sizing; tructural steel modeling; automatic underground pipe mod
eling; material database with allowable stress data; fiberglass piping 
capabilities; and a 3D graphics library. A materials library and an 
online applications guide also are included. 

For More Information Circle No. 715 
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SGI powers the only full-scale 

3 60-degree virtual realtty 
air traffic control tower 

in the world. 

SGI and NASA Ames Research Center 
have created the air traffic control tower 
of the future-today. 

NASA FutureFlight Central provides the ability to 
virtually test and prevent potential air and runway 
traffic problems. The possibilities of this technology are 
limitless. It could enable control towers to collaborate in 
real hme with international airports. visually predict and 
therefore prevent commercial flight delays or accidents, 
and even manage interplanetary traffic control some day 

By using the Silicon Graphics~ Onyx2& visual 
workstation to process complex 3D graphics, imaging. 
Video. and satellite data in real time, the system can 
portray any airport in the world in realistic 360-degree 
high· resolution images. 

Win a Silicon Graphics 1600SW flat panel display. 
Visit our Web site to find out more how SGI Federal can help you see the future. While you're 
there. enter to win one of our award-winning flat panel displays. Complete contest rules are 
located at www.<>qifederol.com. 

www.sglfederal.com 
ffc .arc.nasa.gov 

For More Information Circle No. 560 



• Cadmium Zinc Telluride Detectors for Imaging of Gamma Rays 
Angular resolution less than an arc minute can be achieved. 
Goddard pace Flight Center, Greenbelt, Maryland 

Planar array of cadmium zinc tel
luride photodetector with readout 
electronic circuitry have been devel
oped for use as hard-x-ray and y-ray 
image en or . When a coded, x-and-y
ray-opaque aperture mask is po itioned 
in front of uch a en or, the re ulting 
as embly i an in trument that can be 
u ed to ob erve hard-x-ray and y-ray 
sources. In operation, the spatial pat
tern of x and y ray impinging on the 
sensor is deconvolved from the aper
ture pattern to obtain an image of the 
source. With uitable choice of the sen
sor pixel pitch, coded aperture pat
tern, and di tance of the aperture in 
front of the detector array, it hould be 
possible to image radiation ources at 
angular re olution of 30 arc seconds 
and finer. In the o\;ginal intended ap
plication, the in trument will be oper
ated in outer space to measure pre
ci ely the direction to distant ource 
of hard-x-ray and y-ray bursts that are 
of cosmological interest. The in tru
ment can also be used to image hard-x
ray and y-ray-sources in a terre trial lab
oratory setting; indeed, a prototype of 
the instrument has been demonstrated 
in such a setting. 

Prototype sensor containing 2 x 2 
and 5 x 5 arrays of detector modules 
made from Cdo.gZno.ITe have been con
structed (see figure). The dimensions 
of a module are 15 by 15 by 2 mm. 
Each face ofa module is patterned with 
127 metal trips, each 50 pm wide, at a 
pitch of 100 )lm . The su;p pattern is 
surrounded by a 450-pm guard ring. 
The metal smps divide the module 
into, and serve as electrical contaclS 
for, a corresponding paltern of smp 
detector. The mps on the front and 
back face are made orthogonal to 
each other to e tabli h a square pixel 
grid with a pitch of 100 pm. 

The row and column metal strips 
that are collinear with each other in 
the various module are electrically 
tied together with wire bonds to make 
long strips that span the entire array of 
modules, thereby defining a pixel co
ordinate grid over the whole array. The 
row and column mp are biased via 
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monolithic resistors formed in voltage
divider configw-ation along two or
thogonal edge of the array. For read
out, the strip are ac-coupled, via 
1,000-pF capacitor, to high-density ap
plication- pecific integrated circuits. 

In operation, the Cdo.gZno.ITe mater
ial ab orbs photons with energies be
tween 10 and 150 keY. The electrons 

strips. In addition, the charges on af
fected adjacent mp mu t be ummed 
for accuracy in determining the pho
ton energy. For even greater accuracy, 
it i neces ary to sum the ignal from 
anode trip because the charges col
lected on cathode strip are reduced 
because of the poor hole-transport 
propertie of Cdo.gZno.l Te . 

Detector Modules like this one are arranged in a square array to form a sensor for imaging of hard 
x rays and y rays. A pixel pitch of 100 11m in two dimensions is defined by orthogonal arrays of de
tector strips on the upper and lower faces of each module. 

and hole generated in the ab orption 
of photon drift to the anode and cath
ode smp , re pectively, where they are 
collected. The charge collected on or
thogonal anode and cathode strips in
dicate the magnitudes and positions of 
photon-impingement events in the de
tector plane. Because the cloud of 
drifting charge induced by each pho
ton has a finite size and can diffu e out
ward as the carrier drift, charge i typ
ically induced on three adjacent smps 
at 100-pm pitch. The position of im
pingement is determined from the av
erage of the strip numbers weighted by 
the charges induced on the affected 

www.nasatech.com 

Using 50-keV y ray from a 241Am 

ource, a 2 x 2 prototype ensor was 
tested in conjunction with a 40-pm
thick gold aperture mask patterned in 
a 100-pm-pitch quare grid supported 
by a l-mm-thick beryllium substrate. 
The aperture mask was placed 32 mm 
in front of the ensor (in the fully de
veloped in trument, the mask would be 
placed 800 mm in front of the sensor). 
The results of the test revealed that the 
prototype in trument was capable of an 
angular re olution of about 30 arc sec
onds. The resullS give confidence in 
computer simulation that predict that 
the fully developed in trument will be 
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DriverUnx - 32-bit drivers for VB, C++, Delphi (DLL and ActiveX) 

LabVIEW Vis - same form and feel as LabVIEW's built-in DAC Vis 

, Start-up Software Test Panel 

• VisualScope - digital storage oscilloscope application 

• ExceU X - Excel add-in (no programming required) 

I TestPoint Drivers 

WHY PAY A BUNDLE WHEN YOU 
CAN GET IT BUNDLED FREE? 
Now get hundreds of dollars of software free with 

any of Keithley's full line of economically priced 

PCI boards. And that includes 32-bit DLL and 

ActiveX-based drivers, TestPoint™ drivers, 

LabVIEW· Vis, an ExceLlNXTM add-in and start-up 

software. Everything you need to get up and running 

fast. Best of all, you'll be using the software with 

exceptional-quality Keithley PCI boards such as 

our new KPCI-3107/8, the industry'S best-priced 

value at under $1000 - 16-bit performance at a 

12-bit price. Easy to set up and use, these PCI 

boards produce accurate data you can 

trust. And you can trust Keithley for 

application support, to make sure you can 

meet your most stringent data acquisition 

demands. 

~& ~",n 
software'" 

For more information, call 1-888-KEITHLEY 
(1-888-534-8453). 

www.keithley.com 

I(ElrnE.EY 

• KPCI-3101 /2/3/4 Low Cost Multifunction Boards ~ 

• KPCI-3107/8 High Resolution Multifunction Boards ""'--

• KPCI-1801 /2HC High Channel Count Multifunction Boards 

• KPCI-311O/3116 High Speed Multifunction Boards 

• KPCI-PI024/96 and KPCI-3160 Parallel Digital I/O Boards 

• KPCI-3140 Counter/Timer with Digital I/O Board 

All trademarks are the property of their respective companies. 



II"" I Feel like a combat soldier stepping through a fiber optic ,.,~, 
K cables and connectors minefield? RIFOCS can light the A._ 

RIFOCS way to ensure connection of your critical fiber optic r== == components. RIFOCS recently provided high-performance and 
reliable cables for the Enhanced Fiber Optic Guided Missile program 
for the Army. Whether the application is for land, sea, air or space, 
RIFOCS can deliver! We are a MIL-I-45208A certified full-service 
provider with a proven track record. Call now! 

RIFOCS Corp.INT+1-80S-389-9800 • Fax. INT+1-805-389-9808 • sales@rifocs.com • www.rifocs.com 
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For More Information Circle No. 418 

Toke a ride with CrystalEyes· stereoscopic eyeweor and experience Stereo3D-- the most reolistic representafion 
of grophicol informofion. Over 100,000 designers 000 engineers agree: CrystalEyes is the opfimal tool for visualiz
ing complex mode~ noturol~ and interoctive~. CE is supported by Ieoding CAD software including: AutoCAD, So~dWorks, 
Solid Edge, CATlA, HlEAS and Unigrophics. 

Put your development process in 
overdrive with Crystal Eyes and ... 

• Enhance Design Reriew 
• Reduce Design C ydes 
• Accelerate Time-To-Market 

Get • FREE demo CDI Call 800-783-2660 
or visit www.stereographcomldemocdl 
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For More Information Circle No. 419 

able to locate about 90"(-ra bur (S per 
year to an accurac of ±3 arc econd, 
and to produce an all- k uryey with a 
re olution of 30 arc e ond . 

This work was done by L. Barbier, J • 

Gehrels, B. Teegarden, A. M. Par. ons, L. 
M. Bartlett, P. K. hu, and J. Tueller of 
Goddard Space Flight Center; C. M. 
Stahle of Orbital Sciences Corp.; Z. Q. hi, 
K. Hu, and . J. nodgra s of Hughe TX 
Corp.; D. M. Palmer, . D. Barthelmy, and 
J. Krizmanic of Universities Space Research 
Association; . J. Lehtonen and K. J. Mach 
of Johns Hopkins Univer ity Applied 
Physics Laboratory; P. Kurczynski of the 
Univer ity of Maryland; E. Fenimore of Los 
Alamos National Laboratory; and D. C. 
Mancini of Argonne National Laborato
ries. For fU7·ther information, access the 
Technical Support Package (T. P) free on
line at www. nasatech.com under the Elec
tronic Components and Systems category. 
GSC-14044 

• Inexpensive 
Packaged 
Subharmonic Down
Converter :MMICs 
MMICs like these could be 
used in microwave digital 
communication receivers. 

John H. Glenn Research Center, 
Cleveland, Ohio 

Two packaged monolithic microwave 
integrated-circuit (MMIC) mixers have 
been designed to operate as subhar
monically pumped frequency down
converters in receivers of satellite- or 
ground-ba ed digital communication 
system. One operates a radio frequency 
(RF) between 17 and 20 GHz, the other 
at an RF between 22 and 32 GHz 
(see Figure 1) . The e MMICs are of a 
type de cribed in "MMI Converters 
for K- and Ka-Band Communications" 
(LEW-16752), It It Tech Briefs, Vol. 
23, o. 7 Ouly 1999), page 59. The 
approach taken in developing thi type 
of MMIC i one of minimizing co ts by 
relying on well e tabli hed de ign 
practices and mature , commerciaJl 
available processe for fabrication of 
MMIC chips. 

Both mixers incorporate on board 
local-o cillator (LO) amplifiers to re
duce the required LO drive levels. The 
22-32-GHz mixer al 0 incorporate an 
output [intermediate-frequency (IF) 1 
amplifier. To reduce the size and thus 
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RF IF RF IF 
15 to 24 GHz o to 5 GHz 22 to 32 GHz 0.8 to 3 GHz 

17-22-GHz Mixer 22-32-GHz Mixer 

Figure 1. The Two Mixer Circuits, shown here in simplified schematic form, feature single-j!nded con
figurations that minimize size. Inexpensive filters (not shown here) provide the needed isolation 
among the different frequencies. 

the costs of the mixer chips. both mix
ers incorporate lumped circuit ele
ments for matching of impedances (in 
contradistinction to the tran mission
line impedance-matching elements 
customarily used for microwave ). 

The specific practices and processes 
cho en for design and fabrication of 
the 17-20-GHz MMIC are those of 
GaAs metal/semiconductor field-ef
fect tran istor (MESFETs) with 0.5-
).1m design rules, while tho e of elec
tron-acceptor-doped high-electron
mobility transistors (p-HEMT) with 
0.25-).Im de ign rules were chosen for 
the 22-32-GHz MMIC. Figure 2 de
piets the two MMIC chips. Both MMIC 
chips are inlegrated into ball-grid
array (BGA) package, which are lead
less ceramic interconnection sub
strate wi th tungsten/copper via ; the 
MMIC are in erted in these package 
in surface-mount configurations and 
bonded in place by u e of arrays of 

17-20-GHz MMIC 

noncollapsing, hard balls made of a 
copper/silver eutectic alloy. 

In tests, the 17-20-GHz down-con
verter was found to perfonn well at RFs 
from 15 to 24 GHz, LO frequencie of 7 
to ] 0.5 GHz, and lFs from 0 to 5 GHz. 
The 22-32-GHz down-converter was 
found to perfonn well over the RF range 
from 22 to 32 GHz in tests in which the 
LO frequency was swept, along with the 
RF, to maintain an IF of 2 GHz. 

This work was done by Paul Blount of Hit
tile Microwave Curp. for Glenn Research 
Center. For fUTther information, access the 
Technical Support Package (TSP).free on-li7le 
at UfUIW.nasatech.com under the Electronic 
Components and Systems calegory. 

Inquiries concerning rights for the com
mercial use of this inveniion should be ad
dressed to NASA Glenn Re earch Center, 
Commercial Technology Office, Attn: Sieve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-16805. 

22-32-GHz MMIC 

Figure 2. The Two MMIC Chips are compact: The 17-20-GHz chip has an area of 0.7 mml; the 22-32-
GHz chip has an area of 1.25 mml. 
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Power Supply for Miniature Quadrupole Mass Spectrometer 
This lightweight, low-power system is designed to operate unattended for a long time. 

ftSA' Jet Propulsion Laboratory, Pasadena, California 

A lightweight, low-power-con ump
tion power supply ha been devel
oped to generate a combination of 
radio-frequency (RF) and dc voltage 
needed for the operation of a minia
ture quadrupole ma s p ctrometer 
that could operate unattended in the 
field for a long time, possibly u ing a 
battery as an energy source. More 
pecifically, the circuit is designed to 

supply large , variable, frequency- and 
amplitude-stable RF voltage, vari
ou Iy floating or uperimposed on 
po itive or negative dc voltage, for 

application to primaril capaCl tlve 
ma - pectrometer load with capaci
tance of the order of 50 pF. 

Th figure i a implified block di
agram of an ac ection of the power 
upply. Thi ection put out a igna l 

with a frequency of 10 MHz, lhough 
in general, the frequency could be 
extended to a much as 100 MHz. 
The basic high-frequency clock ig
nal for thi ection is generated by 
oscillator 1 at a frequency of 20 
MHz. Flip-flop (FF) 2 divides the 
frequency by two, producing two 10-

Error Amplifier and 
Compensation Circuit 

DAC 

3 Lines Serial Command 

1Hz pul e train lhat differ in phase 
by a half cycle. Integrator and um
ming amplifiers U3 and U4 convert 
the 10-MHz clock pul e to awtooth 
waveform. 

Ql is a high- peed metal oxide/ 
semiconductor field-effect transistor 
(MO FET) that turn on when the 
awtooth waveform applied to its gate 

goe beyond its threshold voltage. 
The conduction angle and the con
ducted current can be increased by 
increa ing the awtooth voltage. Q3 
operate imilarly to Ql , but a half 

T1 

Qut+ 

+dc 

-<lc 

I Qut
I 

Secondary 

Capacitive Load 
(Quadruple Mass 

Spectrometer) 

This Circuit Generates RF and dc Voltages for application to predominantly capacitive loads in a miniature quadrupole mass spectrometer. 

M:TRUM·DATATAPE 
.nf'ftl\_ 
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c de out of pha e with Ql. Q1 and 
Q3 drive the primary winding of air
core tran former Tl. 

The air-core tran former de ign i 
cho en over a ferromagnetic-core de-
ign to obtain a de ired combination 

of low weight, low 10 ,and low ca
pacitance, and the ability to generate 
a large RF output voltage. The pri
mary/ econdar flux coupling, and 
thu the gain, can be adjusted in the 
de ign b choice of the winding ratio 
or can be changed by mechanical ad
ju tment of the di tance or overlap 
between the primary and econdary 
winding. These adjustments are in
extricably coupled with the adju t
mem of the inductance of T1 to re -
onate with the capacitance of the 
affected portion of the quadrupole 
mass spectrometer. 

6 i an RF-detector circuit that 
generate a voltage proportional to 
the amplitude of the RF output sig
nal. U5 is an error amplifier and 
compen ation circuit, the output of 
which is a contro l signal propor
tional to the difference between (1) 
the actual RF output amplitude and 
(2) the commanded RF output am-

plitude as repre ented b the output 
of digital-to-analog converter 7. 
Thi control loop maintain a table 
RF output amplitude during long
term operation. 

One ba ic problem in the de ign of 
power- upply circuit like thi one i 
to obtain a large dynamic range for 
the output ignal. At a low level, the 
drive ignal is coupled through the 
gate-to-drain capacitance of the 
MO FET, gi ing ri e to an output 
ignal much greater than the de ired 

minimum. To counteract thi effect 
and thereby extend the lower limit of 
the dynamic range of the rna pec
trometer to below one atomic rna 
unit, a diode (D 1) and a ca code 
tage (Q2 with bia VB), i incorpo

rated into the branch that contain 
Ql, and a imilar combination (D2 
and Q4) is added to the branch that 
contains Q3. 

Another problem is obtaining uf
ficiem awtooth amplitude to drive 
the MOSFET at the highe t desired 
power levels; the peak amplitude (3 
to 4 V) generated by currently avail
able operational amplifiers is too 
low. In the present circuit, the return 

of the main dc ource (U ) for dri
ving the primary of Tl i referred to 
a negative voltage (-V). Thu , the ap
parent peak of the awtooth ignal 
applied to the MO FET i increa ed 
b V, making it po ible to reach cor
re pondingl higher power level. 

This work was done by Am Chutjian, 
Dean Aalami, Murray Darrach, and 
Otto Orient of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, access the Technical Sup
port Package (T P) free on-line at 
www.nasatech.com under the Test and 
Measurement category. 

In accordance with Public Law 96-
51 7, the contractor has elected to retain 
title to this invention. Inquiries concern
ing rights for its commercial use should be 
addressed to: 

Technology Reporting Office 
JPL 
Mail top 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to PO-20493, volume and 
number of this ASA Tech Briefs issue, 
and the page number. 

*\ Series 4100 (up to 20 L/min.) to measure air, 02 and N20 
'" Series 4000 (up to 300 L/min.) to measure air, and 02 
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• Program Predicts Creep Lives of Ceramic Components 
This software blends theoretical and empirical knowledge to predict creep rupture. 
John H. Glenn Research Center, Cleveland, Ohio 

Ceramic Analysis and Reliability 
Evaluation of Structure /Cree p 
(CARES/CREEP) is a computer pro
gram that predicts the creep live of ce
ramic structural components. [CARE / 
CREEP should not be confu ed with the 
related program CARES/liFE, which 
was described in "Program for Evalua
tion of Reliability of Ceramic Parts," 
NASA Tech Briefs, Vol. 20, o. 3 (March 
1 996), page 28.] 
CARES/CREEP is inte-
grated with the com-
merciall y available 
ANSYS finite-element 
code and is intended to 
be used, in conjunction 
with ANSYS, to design 
ceramic structural com
ponents of advanced 
turbine engines. 

The need to predict 
creep lives for hot en-
gine structures arises 
from the expected ser-
vice conditions and 
durability requirements. 
The high-temperature 
properties of ceramic 
structural components 
make them attractive for 
use in advanced turbine 
engine , the design op-
erational lives of which 
can exceed 10,000 
hours. In order to en-
able ceramic compo-

butions are a umed con tant. The in
crement of damage at each time tep i 
calculated on the basi of a modified 
Monkman-Grant creep-rupture crite
rion. The cumulative damage is ub e
quently calculated as time elap es in a 
manner similar to that of Miner's rule 
for cyclic fatigue loading. Failure is as
sumed to occur when the normalized 
cumulative damage at any point in the 

Primary and Secondary 
Creep· Strain-Rate Parameters 

Nonlinear Stress Analysis 

(2) the steady- tate parameters based on 
the orton equation, and (3) the creep
rupture parameters based on the modi
fied Monkman-Grant criterion. The ec
ond module calculate the cumulative 
damage and thus the creep-rupture life 
of the component in question. Among 
the outputs of the program i a cumula
tive-damage plot for graphical rendering 
of critical regions of the component. 

Component Geometry and Loads 
Material Properties 

Model Generation 

Heat-Transfer Analysis 

Nodal 
Temperatures 

Modified Monkman-Grant 
Parameters 

TIme-Varying Stresses 
and Temperatures 

CARES/CREEP 

Cumulative-Damage Map 

nents to last such long 
time , one must subject 
them to relatively low 

This Block Diagram depicts the flow of information in a creep analysis of a monolithic ceramic component by use of 
CAREs/CREEP. 

stresses. The combination of high tem
perature and low tresses typicaJ1y causes 
failures of monolithic ceramic compo
nents to occur in the creep regime. 

CARES/CREEP utilizes the finite-ele
ment heat-tran fer and nonlinear-stre s
analysis capabilities of ANSYS to obtain 
temperature and tress di tributions in a 
ceramic component. CARE /CREEP 
takes account of time-varying creep
strain distributions (stress relaxation). 
The creep life of a component i dis
cretized into short time steps, during 
each of which the stress and strain di tri-

52 

component reaches unity. The elapsed 
time to occurrence of uch a failure is 
considered to be the creep rupture life 
of the component. 

CARES/ CREEP is run as a postproces
sor of ANSYS output. The program (see 
figure) consi ts of two modules: The first 
module is a parameter-e timation sub
program that computes (1) the primary 
creep parameters based on the time 
hardening rule (a widely accepted con
stitutive equation that closely approxi
mates empirical data on creep as a func
tion of stre s, temperature, and time), 

www.nasatech.com 

This work was done byJohn P. Gyekenyesi 
of Glenn Research Center, Lynn M. 
Powers of Cleveland State University, and 
Osama M. Jadaan of the University of 
Wisconsin. For further information, access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the 
Software category. 

lTUJuiries concerning rights for the commer
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve
land, Ohio 44135. Refer to LEW-16917. 
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~ Vapor Corrosion Cell 
This device detects corrosive gases that form during combustion and other processes. 
Lyndon B. Johnson SPace Center, Houston, Texas 

The presence of corrosive in the 
Earth 's atmosphere i of global con
cern . From acid rains that are destroy
ing fore t and di figuring monu
ments like the Parthenon and the 
pyramids, to atmospheric pollutants 
that produce smog and induce emphy
sema in a significant number of peo
ple, the introduction of corro ives and 
other pollutants into the atmosphere 
is a critical and continuing environ
mental is ue. 0 less critical to the 
space program is the presence of cor
rosives (reactive gases and water 
vapor) that are generated as byprod
ucts of the launch process. The vapor 
corrosion cell developed for Johnson 
Space Cen ter can be used to detect 
corrosives early in the formation 
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nStrip o AI Strip o Insulating Strip 

The Vapor Corrosion Cell is an electrochemical cell that generates a measurable current in the pres
ence of airborne corrosive substances. 
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·c.roway Del·vers Custom 
Wor stations and Beowulf Clusters 
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proce ; that i , before significant quan
titie are vented into the atmo phere. 

The development of the vapor corro-
ion cell went well beyond the original 

intent by leading to procedure that, if 
followed , are expected to help clean up 
the environment by everely limiting 
the harmful effects of such corrosive 
ga e as nitrogen dioxide, hydrogen 
chloride, sulfur dioxide, and acidic 
aero ols. The availability of the vapor 
corrosion cell is also expected to en
courage the testing and development 
of alloy that will prove resistant to cor
rosion. Moreover, by detecting corro
sives at an early tage, the vapor corro
sion cell can help to reduce costs, save 
time, and increa e afety margin . This 
device is expected to be vital not only 
in the space program but aloin the 
military, in activities and institutions 
that focus on the environment, in the 
aviation industry, and in any other in
du tries, institutions, and activities in 
which there are risks that chemical 
proce ses will produce corrosive byprod
ucts. Initial testing has shown that the 
vapor corrosion cell is highly sensitive to 
corrosives and that the cell can be re
versed and rejuvenated to enable multi
ple measurements. Hence, the vapor 
corrosion cell is a significant step to
ward redressing the imbalance caused 
by the release of corrosives into the at
mosphere through chemical processes. 

In an atmosphere filled with chemi
cally reactive gases and water vapor, 
such as are present at liftoff on a launch 
pad, the vapor corrosion cell is the only 
device capable of gauging the atmos
pheric corrosion potential. The cell 
(see figure) contains strips of alternat
ing, dis imilar, electrically conductive 
materials - elemental metals or alloys 
- separated by thin strips of an electri
cally nonconductive material. 10 the 
example of the figure, the dissimilar 
electrically conductive materials are 
aluminum and titanium. This device is 
responsive to (1) the pre sures of reac
tive vapors and the concentration of 
water vapor in the atmosphere; (2) the 
nature and surface areas of the two dis
similar conductors; (3) the nature and 
thickne s of the electrically nonconduc
tive eparator; and (4) the ambient 
temperature. By controlling all but one 
of these parameters, one can operate 
the vapor corrosion cell in such a man
ner as to use it to measure the remain
ing parameters. 

All the strips of each of the two elec
trically conductive materials are electri
cally connected in parallel. An electro
chemical potential develops between 
the two di similar conductor strips 
when their edges are exposed to an at-
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mo phere that contains water vapor 
and a reactive vapor or gas. If the elec
tric circuit is do ed, the current flow. 
The current can be measured as an in
dicator of electrochemical activity and 
corro ion on the exposed surfaces. 
The mea ured current can be taken to 
indicate pre ence of hazardous gases, 
uch a nitrogen dioxide, hyd rogen 

chloride, or ulfur dioxid e, a ll of 
which, even in minute quan tities, are 
corro ives capable of eating away at 
metal or polluting the atmosphere. 

The vapor corrosion cell measures 
air pollutants and the corro ive effects 

of uch pollutants on metal tructure . 
It enable the development of criteria, 
based on resi tance to corro ion, for 
better election of material . Thi de
vice can be employed around launch 
platforms to perform real-time corro
sion measurements and to provide 
data for p redicting the life expectan
cie of metals exposed to corro ive . 
Th e device can also be u ed on air
craft platforms or ship to monitor the 
environment. At present, this device is 
used to address a major environmen
tal concern - that of measuring cor
rosion caused by acid gases generated 

FEMLAB 
I 1roI.'''p .. , •• ~ .... UL". 

Are you into modeling? 
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partial diffe rential equations- True Multiphysks. 
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Camdoo CDmoci>n 

I 
$Me 

I I 
Soi.r(1 

.1 
au 

program-Physics-to-code. d a8t - V· (eVil + ua-y) + ~VII +all = / 
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in model library gives you 

a sho rtcut to so lvi ng your 

problem and accelerates yo ur understanding 

of how the tool works. 
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as byproducts of industrial chemical 
proce e. Thi device thu becomes a 
new and valuable ally in the early de
tection of corro ive . 

This work was done by Dennis D. Davis 
and Anna H. DeArmond of AlliedSignal, 
Inc., for Johnson Space Center. 

This invention is owned by I1SA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or ex
clusive license for its commercial develop
ment should be addressed to the Patent 
Counsel,Johnson Space Center, (281) 483-
0837. Refer to M C-22871. 

(® Controlling 
Crystal-Growth 
Habit in Directional 
Freezing 
Lyndon B. Johnson Space Center; 
Houston, Texas 

A method of controlling the crystal
growth habit in directional freezing 
ha been devised. A sub tance can be 
purified by directional-freeze crystal
lization, wherein (1) the liquid phase 
of the substance is partially frozen, 
causing impurities to become prefer
entially concentrated in the remain
ing unfrozen liquid (they are more 
soluble in the liquid than in the 
solid), (2) the unfrozen liquid con
taining a large part of the impurities is 
extracted, and (3) the remaining crys
talline phase is melted. The present 
method is directed toward reducing 
the entrapment of liquid within the 
crystalline structure, thus enhancing 
separation efficiency. The method i 
based on the observation that unifor
mity in heat-transfer conditions is of 
the utmost importance in forming 
uniform crystals in which little liquid 
is entrapped. 

This work was done by William M. Con
lon of Polar Spring Corp. for Johnson 
Space Center. For further information, 
access the Technical Support Package 
(TSP) free on-line at unuw.nasatech.com 
under the Physical Sciences category. 

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

Polar Spring Corp. 
3501 Edison Way 
Menlo Park, CA 94025 

Refer to MSC-22518, volume and num
ber of this ASA Tech Briefs issue, and 
the page number. 
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30 MHz Function/Arb 

The 
DS345 
Function! Arb 
Generator Is the instru-
ment of choice for thousands 
of engineers and scientists 
worldwide because It offers unmatched 
performance and features at a low price. 

The heart of the DS345 Is an SRS custom 
ASIC. Using Direct Digital Synthesis (DDS) 
it delivers 111Hz frequency resolution to 
30 MHz, phase continuous frequency 
sweeps and arbitrary waveforms that 
can be entered from the front 
panel or a computer. And there's 
no compromise when It comes to 
features. The DS345 Is equipped 
with AM, FM, PM and burst 
modulation, linear and log 
frequency sweeps and a 
standard 10 MHz reference 
Input. 

If you're looking for out
standing value In a 
function generator 
take a close look at 
the DS345. 



• RS-232-to-Infrared Transceiver 
This unit can readily be reprogrammed for a different baud rate or protocol. 
Marshall ;pace Flight Center, Alabama 

A tran ceiver ha been developed to 
serve as a data-<ommunication link be
tween (1) the RS-232- tandard erial 
communication port of a personal com
puter (PC) running the Window 95 or 
Window NT operating system and (2) a 
remote infrared transceiver that is capa
ble of operation at a baud rate ~4 MHz. 
The PC-to-transceiver communication i 
115.2 kilobits per second, while the in
frared communication is at 4 megabits 
per second. 

The transceiver includes a commer
cial off-the- helf infrared transceiver 
module designed according to the In-

PC With RS·232 (COM) Port 

frared Data As ociation (IrDA) stan
dards, which were developed to promote 
compatibility among infrared networks 
for televi ion receiver , computers, and 
other household devices. In the original 
application for which the transceiver was 
developed, there are requirements for 
small physical ize and high flexibility of 
function for changing the PC baud rate 
and the sizes of transmitted data blocks. 
To sati fy the e requirements, a pro
grammable logic device (PLD) is in
cluded and is programmed with VHDL 
(very-high- peed integrated-<ircuit hard
ware description language) . 

RS·232 
Bus 

Transceiver ~ 
Infrared 

One of the IrDA tandard protocol 
dictate the use of a 16-bit header on 
each tran mis ion, with consequent re
duction of the effective data-through
put rate. However, the tran ceiver mod
ule is not operated according to this 
protocol; instead, to increase the data
throughput rate, a protocol that elimi
nates the 16-bit header was developed 
and is implemented in the PLD by u e 
ofVHDL. 

The transceiver circuitry (see figure) 
consists of even main sub ystems: 
1. Voltage Regulator 

This circuit converts 9-Vdc power 

Other System Equipped With an 
Infrared Transceiver 

PC Programming Connector 

+5Vdc 

32-MHz System Clock 

5-V Voltage Regulator 

+ ::--Q--::+ 
9~~~Out 

+5 Vdc 

O.1I1F 

RS-232 Voltage Converter 

O~ 
+5 Vdc 221!F 

C2- 5 

C2+ • 31<0 Cl+ 1 

v+ C1- 3 

lOUT "" 
11 

Rl" A10UT 12 

T2IN 
10 

R2t< R20UT 9 

ICl232 

RS232 TXD 

RS232 RXD 

RS232 RTS 

RS232 CTS 

32-MHz 
Clock Signal 

+5 Vdc 

31<0 

Configuration Bus 

Programmable Logic 
Device 

Configuration EPROM 

DATA t 
OCl)( 2 
DE 

NCS 

nCASe 

EPCl +41PC8 +5V 

Infrared Transceiver 
Module 

+5Vdc 

The RS-232-to-lnfrared Transceiver converts serial data streams between (a) a slower RS-232 electronic transmission medium and protocol and (b) a faster 
infrared transmission medium and protocol. 
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Packed with the powerful features you expect from a 
new family of Sorensen programmable DC power 
supplies - the DLM is ready for your most demanding 
applications. Designed into a 19 inch rack chassis 
only 2U (3.5 inches) high, they provide high rack 
mount packing density. Units can be stacked without 
spacing because cooling air is only required from the 
front panel. Five output voltages are available: 0-8V to 
450A, 0-16V to 250A, 0-40V to 100A, 0-60V to 66A 
and 0-80V to 50A. Manual analog control knobs for 
voltage and current help you quickly adjust output 
settings. Remote analog control (standard) is conve
niently selected from the front panel. An 
Enable/Standby switch gives you easy control of the 
output state. 

The povver you needsm 

I--~--

Other features include: 

• Active Power Factor Correction 

• Low Output Noise 

• Optional Remote Control: IEEE-488.2 and RS 232 

• Large Voltage and Current Displays (3 1/2 Digit 
LED's) 

• Field Configurable Series and Parallel Operation 
This new 4 kW DLM supply is also packed with more 
than 50 years of Sorensen power experience and costs 
only $2995 (US list). Contact us today we promise to 
raise your price/performance expectations. 

1-800-525-2024 
www.sorensen.com 



erli 

Supplement to 
NASA Tech Briefs' 
June 2000 Issue 

Published by 
Associated Business Publications 

2a Wire Harness Design 
Goes Proactive 

6a Absolute Position Encoders 
Using Pattern Recognition 

8a Carbon Nanotubes as 
Anodes in Rechargeable 
Lithium-Ion Cells 

8a Resonant Crackwires 
for In Situ Monitoring 
of Jet Engines 

1 Oa New Products 

Design and photograph courtesy 
Unius Technologies Inc. 

Electronics Tech BriefS,June 2000 

LPKF's Rapid PCB Prototyping: 

For More Information Circle No. 470 la 



--- - - - - - - ----
VVire Harne ---- - - - - - - ----
Design Goe 

---- - - - - - - ----
Proactive 

---- - - - - - - ----
Critical to the completion of any electronic 

or electromechanical design is the layout and design 

of the wiring harnesses and cabl ing systems. 

I
n the past, wiring harnesses were 
laid in after the electronic compo
nents of a ystem were mounted. 

The harnesses were then removed and 
used to erect "nail boards" for u e a 
manufacturing jigs. Multiple nail
board were created for large jobs. 
Once built, harnesses were tested for 
crosstalk between power and data lines, 
and then rebuilt if problems occurred. 
Th i cycle often went on for several 
renditions of a single harness. If nail-

board were not used, as -in the case of 
custom or emi-custom orders, a more 
complex wiringjob often turned into a 
"bucket of worms," according to one 
engineer. Such a situation not only 
makes for much difficulty in repeating 
the work in imilar ub equent ystems, 
but it also creates an almost impossible 
job of trouble hooting near the end of 
the design <:ycle. 

Even though wiring i a critical require
ment in nearly every design, until recently 

no software vendor focused olely on 3D 
wiring harness design . EMbassy wiring har
ness software, from Linius Technologie , 
was prototyped in 1998. Through a con
certed effort to increase the functionality 
of the software to meet the changing 
needs of the wiring-harne engineer, 
Linius has produced several revisions to 

EMbassy in less than two years. 
According to one engineer working 

on an aero pace sy tern, "Additional fea
tures in Version 2.5 have allowed us to 

EMbassy is being used to develop the wiring system in space vehicles. Configursble ORCs check for redun
dancy end elgnal separations. 
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SIR-JOOOW /SIR-JOOOi 
Wideband Digital Data Recorder 

I ICr '" - videolanalogldigital data 

Sony digital data 
recorders give you incredible 
performance and superior 
reliability in lightweight, 
compact configurations that 
fit almost anywhere. 

OUI SIR-1000 series captures 
critical ana log and digital data (or 
ana log and synchronized video 
data with our optional video card) 
at speeds up to 160kHz and 24 
Mb/sec for as long as 2 fu ll hours 
(32 hours max. at lower band
widths). Utilizing the Advanced 
Intelligent Tape standard, they can 
store up to 25 Gbytes (non-com
pressed) on a single AlT cartridge. 

For situations demanding 
lower bandwidth, but equally 
rugged performance and reliability, 
Sony provides the PC200AX series. 

These portable, DAT-based 
digital data recorders have band
width from DC to 20kHz, can 
be configured up to 128 channels, 
and allow recording time up 
to 6 hOUIS. 

For More Information Circle No. 527 

Compact Size: 
13.4" wide, 
10.2 " deep, 4.5" high 

And with 
their easy-to-use 

WindowsNJ'®-based 
software, Sony digital 

data recorders make your data as 
easy to analyze as it is to record. 

So, if you only have one chance 
to get it right, get the digital data 
recorder that won't let you down. 
Call us at 1-949-770-8400, or visit 
us at www.sonypt.com. 

T CP is a registered trademark of 
PCB Piezotronics, Tnc. 

See us at Sensors Anaheim 
Booth 413 



Wire bundles are color-coded to 
indicate harness coverings (loom). 

provide verification of items we specify 
our elves." Using EMbassy, it is easy to 
double-check bend radii, signal epara
tion, and redundancy separation. As cable 
size increa es, bends and turn in the har
ness can create stress and strain on the 
wiring in ide the harne s as well as at the 
cable connector. Because EMbassy uses 
3D model, wire location inside the cable 
is considered when wire-length reports 

PLUG .NTO OUR 
CUsrOM 

EM. "L'EIlS! 
• Look to an industry leader with 

40 years of proven experience 
• Solutions for unique filter needs 

• Complete design engineering and 
test capabilities 

• lrrhouse manufacturing including 
inductor and capacitor winding 

are printed. "Coming up with a 
honer than needed wire can be 

quite a time<on uming situa
tion. Furthermore, wire 

that are cut too long are 
wasteful of material. 

Both these ituation 
are alleviated with the 

use of EMbassy," 
said an engineer in 

an interview. 
At ilfisk-Advance, a 

manufacturer of floor main
tenance equipment for com

mercial and indu trial applica-
tion , EMbassy has removed a time-

con uming tep in the de ign of vacuum 
cleaners, scrubber, and sweeper. 
According to Wayne Lorenz, an electrical 
engineer, "We no longer need to create a 
physical model of the machine we're 
designing." Engineers at Nilfisk-Advance 
used to make a nonworking model of their 
latest design and then take measurements 
for the cable design. ow we bring in a 
Prol E model and layout the harne in the 
3D model itself. We can actually see where 
the cable will go without the need for tile 
physical model." In this way, harnesses can 
be created as the job is being designed. 
Changes can be made quickly as well. 

Lorenz says that he will typically design 
up to four harnesses for each piece of 

• Serving the military, industrial, 
electronic and aerospace markets 

• Excellent technological support 
and service 

• Competitive prices 
• Let Electrocube work for you; we 

deliver more than just promises. 

MThe Cube- delivers! 

~. electrocube 
1307 S. Myrtle Avenue • Monrovia, california 91016 

TEL: (626) 301-0122 · FAX: (626) 357-8099 • www.electrocube.com 
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equipment Some of the harne carry 
up to 100 wire. When asked what pecifi
call made his job easier, he re ponded, 
"What I reall like about EMbassy i that it 
automatically figures out the wire lengths 
and create a complete bill of material. I 
no longer have to manuall add up this 
bill. The computer take out a lot of the 
human error." 

Swapping Out 
In the design cycle, a 3D model of the 

electromechanical assembly is imported 
into EMbassy. ing this model enable 
the hame engineer to layout the wiring 
by defining routing chatmel . De ign rule 
checks (ORCs) take into consideration 
that you need a power and return line 
together, or that you have a certain num
ber of data lines that must always run 
together. Through the layout of the 
simulated wiring harne s directly with
in the context of the 3D model, all 
bends can be calculated, hardware 
located, and wire cut-lengths calculat
ed. Cable diameter can be preset as 
well. Engineers can create a harnes , 
check and verify the data, and then 
make corrections quickly and easily. 

Wiring templates on today' high
tech systems become very complex, par
ticularly when tying multiple electro
mechanical and e lectronic devices 
together to create a unique system for 
a serie of specific applications, 
whether for the automotive, aerospace, 

An on-line 
wiring harness site 

Harne .Hub.com was designed 
to treatnline data communication 
and collaboration atnong aU tho e 
involved in the development of 
wiring harnesses and cable as em
blies. Wiring designer, manufac
turer, part vendor , and tooling 
suppliers can now easil hare and 
communicate de ign data electron
ically and at one central location. 

Harnes Hub.com al 0 helps in 
workflow management through 
an on-line proce s that mimics the 
work-in-proce atmosphere pre
sent in many supply chains. The 
benefits of performing any func
tion on-line are peed and effi
ciency. The ite will al 0 devote 
pace to the development and 

communications nece sary to pro
duce tandard for electronic for
mats, uch as de ign data (bill of 
material, wirele , nail board) as 
well as quality issues and other 
Wiring Harne Manufacturers 
Association Slatldards. 
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factory automation, semiconductor, or 
other markets. Through the use of 
splice tables, spider diagrams, and 
parts Ii t for the hundred of parts 
involved in harness design, not only 
has design gotten easier when using 
EMbassy, but documentation is now 
performed with a click of the mouse. 

A common design challenge that often 
crops up is the need to swap out one com-

ponent with a replacement 'Ihls is often 
done because of long lead times from a 
manufacturer, forcing the design to 
change. If a different device is specified 
into the job, the connector pinouts might 
be completely different, its location shift
ed, and the type connector used might be 
different With EMbassy, these changes 
can be incorporated before the harness is 
even built the first time. Through the abil-

By designing wiring within the context of e 3D madel, wire lengths 
and bundle diameters ere accurately calculated. 

IE 
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To·scale nallboards and not·to·scale drawings are automatically 
created and kept in sync with the design data. 
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ity to automate the wire harness d-esign, 
engineers gain more time to focus on opti
mizing the form, fit, nmction, and quality 
of the design itself. EMbassy automatically 
checks company-specific design rules, 
ensures proper shielding between power 
and data wires, and generates accurate 
documentation for manufacturing. 

Fmally, size and weight of every compo
nent inside a tem has become an impor
tant issue design engineers must address. 
For aero pace systems alone, weight di
rectly affects launch costs, which can be in 
the tens-of-thousands of dollars range. 
Today's market requires that most equip
ment be tightly packed inside an enclo
sure. Therefore, designers have to watch 
carefully how the wire harne ses are 
routed. EMbassy alleviates the problems 
associated with this type of challenge 
through its 3D functionality alone. 
VVhen a harnessing job requires several 
hundred to a thousand different cables, 
the rime and cost saved through the use 
of computer automation packages such 
as EMbassy is phenomenal. 

Ending the Tedium 
Version 2.5 of EMbassy provides the 

llser 'with numerous added features and 
benefits over earlier versions. For exam
ple, as mentioned above, the user can now 
define custom design rule checks. The 
bend radius check on individual wires has 
been extended to channels. Part of the 2D 
documentation and manufacturing fi.mc
tions now include harness dra\vings that 
allow the user to stretch or shrink individ
ual channel egments (not-to-scale). A 
channel snap function enables users to 
specifY a snap angle LO create perfectly 
straight channels and exact 9O-degree 
bend angles. 

For designers, a new attached part type 
(loom) has been defined to represent 
channel coverings. Loom length is inherit
ed from the channel it is attached to and 
the channel diameter is updated with the 
additional diameter of the loom. Another 
feature propagates a ",ire's harne ill to 
all its related components in the system. 
This not only includes tlle pins and con
nectors the wire is connected to, but also 
any attached parts, such as terminals, seals, 
connectors, and loom. 

As a final note, Wayne Lorenz of 
Nilfisk-Advance made a significant 
ob en·arion. "Harness design is not as 
tedious as it once was.~ he aid. For the 
engineer who has designed a lot of har
ne es in hi or her career, thi may be 
the tatement that hits clo est to home. 

For mOTe information contact Linius 
Technologies, Inc., 276 Turnpike RLi., 
Westborough, MA 01581; phone: (508) 
616-9359; fax: (508) 616-9362; web: 
www.linius.com. 
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Absolute Position Encoders Using Pattern Recognition 
Advantages include longer travel at high resolution, 
low cost, and less sensitivity to damage. to TEST' AND 

M~UREMENT 

Goddard Space Flight Center, Greenbelt, Maryland 

Innovative optoelectronic encoders 
for measuring absolute, linear or angu
lar position with super-high resolution 
have been invented. The new encoders 
rely on a combination of high-accuracy 
microlithography, optical projection, 
charge-coupled-device (CCD) array 
image detection , and image processing. 
Compared to conventional absolute 
encoders, the new encoders allow practi
cally unlimited travel at exceptionally 
high resolution and are far less suscepti
ble to scale damage or contamination. 

Figure 1 is a block diagram of this type 
of encoder for measuring either linear 
position along an axis perpendicular to 
the page or rotary motion about a verti
cal axis in the page. The encoder 
includes a scale (as described below) 
that encodes linear or angular position 
and is attached to an object of interest 
which moves with respect to the remain
ing ftxed parts of the encoder. The posi
tion encoding pattern on the scale com
prises transparent marks on an opaque 
background such as clear areas in 
opaque chrome on a glass scale or a per
forated metal tape. A printed pattern of 
light marks on a dark background could 
also be used in reflection. 

A light source illuminates the scale 
from underneath in the figure, and a lens 
projects an image of the moving scale 
onto a CCD array in the camera head. 
The output of the CCD is processed 
though an analog-to-digital converter 
(ADC); the resulting digital image data 
are stored in an image memory. An 
image-data processing computer ("image 
processor" for short) analyzes the image 
data using pattern recognition algo
rithms, utilizing the known positions of 
the pixels in the image, to determine the 
absolute linear or rotary position of the 
scale pattern in the reference frame of 
the stationary parts of the encoder. 

The upper part of Figure 2 shows an 
example of part of the pattern on a lin
ear encoder scale (the pattern on a 
rotary scale is similar but fanned). In 
this case, the scale is for measuring posi
tion along a horizontal axis in the page. 
The pattern includes ftducials, smaller 
marks denoting code bits, and hodzon
tal pattern registration marks. Together, 
a fiducial and its associated code bits 
and registration mark form a code 
group. The pattern of successive ftdu
cials is strictly periodic in the direction 
of motion. The code bits in a code group 
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Figure 1. light Passing Through the Scale attached to the moving object is focused to form an image 
of the scale pattern on the CCD. The remaining circuitry analyzes the pattern to determine the posi
tion of the object along the axis of motion, which is orthogonal to the page in this view. 
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Figure 2. A Typical Scale Pattern contains subpatterns of several different kinds of marks. The marks 
provide information that the image processor uses to compute the absolute position of the scale to 
high resolution. 
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uniquely identify each fiducial. The bit 
pattern could be chosen to represent any 
convenient binary code; in this example, 
three rows of four bits each define a 12-
position grid, so that each code group 
identifies one of 212 or 4,096 fiducials. 

The image processor utilizes the infor
mation in the image of the scale to 
determine the position of the scale 
along the axis of motion. For this pur
pose, one of the axes of the CCD array 
is aligned along the axis of motion so 
that the pixel pattern can readily be 
used as a reference frame. In effect, the 
binary codes themselves provide low
resolution, absolute position informa
tion by identifying which fiducial(s) is 
(are) imaged on the CCD at any partic
ular time. The absolute position is 
determined to high resolution by find
ing the horizontal position of the 
image of each fiducial in the pixel 
coordinate frame. This could be done 
by any of such well-known image pro
cessing techniques as edge detection, 
peak detection, differentiation, or cen
troiding. However, because optically 
the centroid of each fiducial image 
moves linearly across the CCD with 
scale motion, the preferred technique 
is centroiding; that is, computing the 
one-dimensional centroid of the fidu
cial along the axis of motion in the 
pixel coordinate system. 

For a given encoder geometry and 
CCD configuration, there is a scale pat
tern that is optimum in the sense that it 
yields the most reliable outcome with 
the highest sensitivity and accuracy with 
respect to true position. The use of a 
larger, more sophisticated CCD array 
enables the simultaneous acquisition of 
images of several code groups. Posi tion 
data become more accurate if indepen
dent position determinations can be 
made for multiple code groups. It i 
desirable to select the scale pattern, 
optical magnification, and detector 
geometry to provide the image of al 
least two and ometimes three (depend
ing on position) code groups on the 
CCD array. If more than one code group 
is in view at all times and if there are any 
variations in magnification, then those 
varIation can easily be corrected 
because the true spacing of groups on 
the scale i known and the answer for 
each group must match as there is only 
one po ition being measured. 

The arbitrary, multi-bit coding 
scheme make it simple to extend the 
range of linear motion without acrific
ing resolution. In a representative exam
ple, 12 code bits for fiducial bars spaced 
by 100 11m would make it possible to 
encode motion over a range of 409 mm 
with a sensitivity of 10 nm. A IS-bit pat-

Electronics Tech Briefs,June 2000 

tern would, in principle, eXlend this 
range to nearly 3.3 m at the same reso
lution. A rotary version of the encoder 
with a I 25-mm-diameter code disk using 
12 code bits has a sensitivity of about 
0.02 arcsecond. These parameters indi
cate both a sensitivity and a range con
siderably greater than prior encoders, 
even though the scale pattern is very 
much coarser. The coarser pattern can 
be manufactured at less cost with higher 
yield and makes the encoder less sensi
tive to damage of the scale . The fact that 
the encoder can produce a correct 
answer based on an image of a single 

L 

Less parts, less assembly steps, less 
assembly time - all yield more productivity 
and more cost reductions. To achieve this, 
designing for assembly (OFA) is critical. 

PEM- products are made for OFA. Just 
punch or drill a hole and press a PEM 
fastener into place. PEM self-clinching 
fasteners install permanently into thin 
sheets. There are fewer parts and fewer 
total pieces to handle during assembly 
which translates into cost savjngs. We 
also offer threadless and multi-function 
fasteners to further meet your OFA needs. 

fiducial also makes the encoder less sen
sitive to damage of the scale. 

This wum was done by D()Ugias B. Leviton 
of Goddard Space Flight Center. For fur
ther information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

This inventioT! has been patented by NASA 
(U.s. Patenl No. 5,965,879). Inquiries con
cerning nonexclusive or exclusive license for 
its commercial development should be 
addressed to the Patent C()Unse~ Goddard 
Space Flight Center; (301) 286-7351. Refer 
to GSC-13703. 

HERE'~ THE CIlNCHER 

These include SNAP
TO~ (shown in photo 
above) standoffs which 
eliminate the need for 
screws, locating pins for 
quick alignment of mating 
parts, P.C. board fasten
ers and many others. 

For automated installation, our line of 
PEMSERTER presses quickly install PEM 
fasteners. further reducing assembly time. 

Ii ch i ith PEM' ~ 
FASTENERS & PRESSES ~ l$' ... ~ 

leaR 
01998 

V W 
PENN ENGINEERING & MANUFACTURING CORP. ' P.O. Box 1000 ' Oanboro. PA 18916-1000 • • • 
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ELECTRICAL 

ADHESIVES 
Designed To Your 

Specifications 

• High conductivity 
• Thermal shock resistant 
• Durable, high strength bonds 
• Water and chemical resistant 
• Convenient packaging 
• Long storage 

stability without 
refrigeration 

• Repairability 

For More Information Circle No, 484 

ELEaRONICS 
COMPONENTS 
DISTRIBUTOR 
Mouser Electronics presents its 
newest catalog fearuring more 
than 100,000 components from 
200+ leading suppliers such as 

L;.:.<;."':"":""::""':""":'-':"'-,-, 3M, AAVID, Alpha Wire, AMP, 
Amphenol, Kemet, Magnecraft, NEe, STMicro
electronics, Spectrol , Vishay, and more. View our 
catalog at www.mouser.com. The website features: 
Secure on-line ordering; Product Search; Complete 
Line Card; Spec Sheets; Plus specific searches. 
Mouser Electronics (A Tn, Inc. Company), 958 . 
Main SL, Mansfield, TX 76063; (BOO) 992-9943; fax: 
(817) 483-{i899; £.mail: catalog@mouser.com. 

Mouser Electronics 
For More Information Circle No. 486 

New! 
Apollo 11 

Commemorative 
T-Shirt 

Celebrate the 30th anniversary of the historic moon 
landing in style. triking full<olor emblem on qual· 
ity white cotton shin. Available while supplies last in 
adult sizes S. M, L, XL. )(XL; youth sizes f>.8, 1(}'12, 
or 14-16. Also offered in a white sweatshirt (adult 
sizes only) . 15.95 T~hin/ 23.95 sweatshirL Add 

5.00 to order for postage/ handling. Mail payment 
to: Associated Susine Publications, Dept. F., 317 
Madison Avenue, Suite 1900, 'ew York, NY 10017. 
Call (212) 49(}.3999 for credit card orders. 

Sa 

Carbon Nanotubes as 
Anodes in Rechargeable Lithium-Ion Cells 
The discharge capacities of these nanotubes 
exceed those of other forms of carbon. 
John H. Glenn Research Center, Cleveland, Ohio 

Carbon nanotubes (al 0 known as 
"bucky tubes") have shown promise for use 
as anode materials in rechargeable lithi
um-ion power cells. In comparison with 
graphite and other forms of carbon used 
under identical condition, bucky tubes 
exhibit greater specific discharge capacity 
and greater specific energy; this increase 
has been attributed to the greater elec
tronegativity ofbud .. J' tubes and the conse
quent ability of bucky tube to accommo
date more lithium ion per unit of carbon. 
The success achieved thus far in the devel
opment of bucky-tube anode with high 
reversible (charge/ discharge) lithium-ion 
capacities is a re ult of advance in (1) the 
production of single- and multi-walled 
bucJ<y tubes by both arc and non-arc tech
niques, (2) techniques for purification, (3) 
techniques for opening the ends of the 
tubes to admit lithium ions for intercala
tion, and (4) techniques for fabricating 
electrodes from bucky tubes. 

A recent experimental investigation 
undertaken as part of this development 
emphasized the electrochemical perfor-

mances of open-ended single- and multi
wall bucky-tube anodes in half-cell tests. (In 
practical full cells, bucJ<y tubes as anode 
materials would be used .in cOrYunction 
with LiNi02, LiMn02, or LiCo02 as cath
ode materials.) In the tests, anodes made 
from open-ended ingle-wall bucky tubes 
exhibited specific discharge capacities as 
high as 640 rnAh/ g, and anodes made 
from open-ended multi-wall bucky tubes 
exhibited discharge capacities of about 385 
mAh/ g. In contrast, the theoretical limit of 
capacity of graphite is only 372 rnAh/ g. 

This work was done IYy R O. Loutfy, S. 
Hossain, and M. Y. aleh of Materials and 
Electrochemical Research Corp. for Glenn 
Research Center. For further information, 
access the Technical Support Package (TSP) 
.free on,.line at www.nasatech.com under the 
Materials category. 

Inquiries CfJnceming rights for the commercial 
use of this invention should be addTl!SSed to 
NASA Glenn Research Center; Commercial 
TechrwlofJ Office, Attn: Steve Fedor; Mail Stop 
4-8, 21000 Brookpam!Wad, Cleveland, Ohio 
44135. Refer to LEW-16727. 

Resonant Crackwires for TEST AND 
:ASUREMENT 

In Situ Monitoring of Jet Engines 
Early detection of fatigue cracks could save lives and reduce costs. 
John H. Glenn Research Center, Cleveland, Ohio 

Fatigue cracks and plastic deforma
tion of parts in jet aircraft engines could 
be detected, even during engine opera
tion, by use of propo ed in situ monitor-

RoIa_ 

ing devices called "wireless resonant 
crackwire ." Inasmuch as uncontained 
turbine failures are the leading engine
related hazard for aircraft, early detection 

Figure 1. Resonant Crackwire Circuits would be bonded to the surfaces of turbine blades. In this example, the 
crackwire circuits on all the blades would resonate at the same frequency, so that each one would be expect
ed to respond with a pulse when it passed by a transmitting/receiving antenna operating at that frequency. 
If the circuit on a passing blade were not to respond, a crack alarm for that blade would be triggered. 
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Conductor (e.g., PdlCr Alloy) 

./---1-. 

BASIC STRIP LINE CONDUCTOR 

STRfPLINE ANTENNA PATCH 

Dielectric (e.g., 
luminum Oxide) 

Figure 2. Striplioe Design would likely be used for a resonant cracl<wire cir
cuit on a metal component because it would be compatible with the con
ductivity of the component and the thin-film nature of crackwire circuitry. 

of cracks and/or the associated plastic deformation could enable 
pilots to respond in time to save lives and limit damage. The use 
of wireless resonant crack-wires could also reduce the costs of 
in pecring engines for fatigue cracks: Often, cracking occurs in 
engine parts that are accessible only through disassembly of 
engines. In many cases, the costs of disassembly and reassembly 
far exceed the costs of inspection, and the disassembly and 
reassembly processes can cause new damage. 

The term "wireless resonant crackwire" is not oxymoron
ic, though it may appear so at flfSl. "Wireless» as used here 
represents the absence of wire connections with external 
equipment and the use of radio signals to interrogate the 
crackwires. 

The principle of operation of wireless resonant crackwires 
would be an extension of that of radio-frequency (RF) securi
ty tags attached to merchandise in some department stores. 
These tags contain circuits that re onate at frequencies in the 
vicinity of 9 MHz. pon leaving a tore, a customer must pass 
by a large loop antenna thal emits a ignal swept in frequency 
over a range that include the resonance frequencies of the 
security tags. If a security tag has not been deactivated, then it 
responds to the incident RF ignal by ringing and reradiating 
at its resonance frequency. A second antenna picks up the 
reradiated ignal, and the antenna output triggers an alarm. 

To enable the cu tomer to carry the merchandise out of the 
store without triggering the alarm, a clerk deactivates the tag. 
Deactivation is accomplished at the store checkout counter by 
placing the tag on a mall antenna that expose the tag to an 
overload-level replica of the exit signal in order to burn out a 
fusible link in the tag circuit. The removal of the link either 
makes the circuit nonre onant or el e moves the resonance to 

a frequency outside the range of the security equipment. 
Re onant crack-wires would be bonded to the urfaces of 

such critical jet-engine components as turbine blades (see 
Figure 1). Like department-store ecurity tag, resonant crack
wires would include links designed to be broken to alter RF res
onance . However, these links would not be broken by over
load signals; instead, they would be broken by the develop-

Electronics Tech Briefs,June 2000 

ment of cracks and/or plastic deformation in the engine com
ponents to which they were bonded. Thus, if a resonant crack
wire monitored by use of a suitable transmitter, antennas, and 
receiver were to stop re onating at its "insta1led~ resonance fre
quency, a crack alarm would be triggered. 

Of course, because of the unique characteristics of the jet
engine environment (especiaUy high temperature and the 
metallic nature of the components to be monitored), the 
design and fabrication of resonant crackwire would differ 
markedly from those of department-store RF security tags. 
Resonant crackwire circuits would likely be fabricated by use of 
techniques developed previously for strain gauges for moni
toring engine parts at high temperature ; this would involve 
the deposition, on the engine parts to be monitored, of thin 
oxide films as dielectrics and patterned thin films of high-tem
perature alloys as inductors, electrodes for capacitors, and 
antennas. The resonance frequencies of these circuits would 
range upward from several hundred megahertz and possibly 
into the gigahertz re'gion. In many cases that would involve 
monitoring of metal components it may prove necessary to 
resort to stripline circuit designs, utilizing the underlying mon
itored components as the ground planes of suipline antennas 
and resonators (see Figure 2). 

This work was done by Bruce McKee, Scott Dahl, and Kathy 
Shkarl£t of Innovative Dynamics, Inc., for Glenn Research Center. 
For further information, access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the Electronic Components 
and Systems category. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to NASA Glenn Resea1"C1i Center, Commercial 
Technology Offue, Attn: Steve Fedar; Mail Stop 4-8, 2 I 000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to LEW-16758. 

for Analog Sensors 
with Linear Voltage Outputs 

Lifetime Warranty 

Capacithe 

PCAlS. 25mm smooth 

PCA30, 30mm threaded 

PCA40.40nun flat-pack 

PCAI50. 150mm flat-pack 

Remote Sensing 

PCR60. switched & analog 

30-03y 
Free Trial 

I nductive out 
EA] 8V. 18mm threaded 

EA30V, 30mm threaded 

Inductive lout 

EA18C. 18mm threaded 

EA30C, 30mm threaded 

4·!OmA current output 
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Noise Figure Analyzers 
Agilent Technologies, Palo Alto, CA. offers the NFA series 
of no~gure analyzers, which consists of [\\'0 models: the 
1.5-CHz 8972A. and the 3.Q.GHz '8973A They provide 
a reakime display of noise figure or gain vel1ms frequency, 
easy measurement setup, built-in data storage, and printer 
connectivity. TI,e 8973A features point or sweep averag
ing for real-time tuning, and sweep list for point-by-point 
measurements at pecified frequencies. It also provides 
accurate cllar3cterization of individual S)=m components, 
allowing a designer to detennine the noise figure of an 
entire system. Agilent says the new ardlitecrure of the NFA 
analyzers incorporates a more flexible and inntitive user 
imerfuce that simplifies noise-figure measurements. 

Prem Magnetics, McHenry, 
IL, has introduced the 
SPE-400 high-currem in
ductors for use in Switch 
Mode Power Supply 
(SMPS) applications. The 
series of 20 inductors uses 
a ferrite core conSLTUC
tion where coil is wm;nd 
direcllyon the core. They 

are moumed horizontally on the printed circuit 
board for reduced height requirements. Inductance 
values range from 0.9 !lHy at 13 A DC to 1000 !lHy 
at 0.42 A DC. The inductors have typical physical 
dimensions of 0.765" x 0.435" x 0.340". 

For More Information Circle No. 768 

Modular PC 
Terminal Blocks 
Keystone Electronics, As
toria, NY, has released hori
zontal and 45-degree entry, 
modular PCB-mount tenni
nal blocks, both willl two 

and three tenninal positions that can be interlocked to 
a maximum of 24 positions. The 45-degree entry 
blocks, designed for use on high.<Jensity PCBs, feature 
easy access to tennination points, and are made with 
the screw heads on top of the blocks. Tennination 
points have a wire guard that helps prevent damage to 
conduCtors. The blocks are made of brass tin-plated 
contacts, blue UL-rnted 94V.{) PET housings, and a caJ>
tivated teel zinc-plated screw. The modular blocks 
mount on header pin installed imo PCBs. 

For' More Inf~ion Circle No. 711 

AC Inlet/Outlet 
Connector 
The lEC 320 AC inlet/ oullet 
connector ... ith built~n ground 
clip from Melllode Electronics, 
Rolling Meadows. IL, meets UL 

and CUL standards. and fea
tures a maximwn operating \'Oltage of 250V AC at a 
maximwn current of 15 ContaCt resistance is 20 mil
liohms maximwn. "ith an insulation r . tance of 1000 
megohms at 1500V AG. The built-in groWld clip fur
nishes direCt cabinet grounding, eliminating the need 
for a separate ground "ire or connection. The grOWld
ed A receptacles mate "ith all industr)"Standard lEe 
power cord sel>. The contaCtS and ground clip are made 
of copper alloy ,,;th a tin plating. The insulator is black 
pol),carbonate and canies a 94V.{) rating. 

For More Information Circle No. 774 

lOa 

For More Information Circle No. 766 

\' ... ,f!J6r ~ \' if~ 
IL~ 

lamps and Drivers 
Durel Corp., Chandler, 
AZ, offers DUREL® 3 
electrol um i n esce n t 
lamps and drivers for 
backlighting displays 
and keypads of cellular 
phones, pagers, and 
GP handsets. The 

lamp conSLrUction incorporates a proprietary pho -
phor technology. Matched systems provide uniform 
brightness in displays, while maximizing lamp life 
and minimizing the use ofbaLlery power. A variety of 
system configurations is available for specific appli
cations. According to the company, the lamps pro
vide thinne s, Oex,ibility, uniform illwnination , and 
low power consumption. 

For More Information Circle No. 169 

Graphics Controller 
The PMC700 graphics con
troller from DY 4 Systems, 
Kanata, ON, Canada, is an 
LEEE 1386.1 PMCbased mez
zanine board that provides 
graphic functions such as 2D 
and 3D rendering. video caJ>
ture and overlay, support for 
legacy interlaced displays, 

and anti-aliasing capabilities. The controller com
bines commercial software, silicon, 3D graphics 
acceleration, and an XI If OpenGL® programming 
interface. The controUer is designed for imple
menLing human-machine interfaces for critical 
applications such as cockpit primary flight and dig
ital map di plays. 

For More Information Circle No. 772 
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CompactPCI 
D/A Board 
DATEL Systems, Mans.. 
field, MA, has introduced 
the CPCI-520 four-chan
nel analog output board 
configured in a single-,o;JoL 

board outline. The board features Df A converters 
"ith 2.!>-, :.., and lO-volt output ranges, both unipolar 
and bipolar. Any channel may be selected for 4-20 m. ... 
precision current loops in active mode. not reqwring 
external c~nt loop excitation. Each DfA channel 
may be set for any of the ranges with five ranges set for 
12-bit resolution. All channels update simultaneously 
when a sample clock is received, either from the on
board programmable timebase, or from an external 
user~upplied clock inpuL 

For More Information Circle No. 77S 
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PVDF Capacitive 
Sensors 
The PT30 and KT34 PVDF 
capacitive sensors from Turck, 
Plymouth, MN, are barrel~tyle 
sensors de igned to solve 
applications in harsh environ
ments. Made of polyvinylidene 
Ouoride (PVDF), the housing, 

cable, cord grip, and mOWlting brackets are immune 
LO damage from contact with most industrial chemi
cals. They detect metallic and nonmetallic materials 
such as water, metal, wood, glass, plastic, and thin 
wire. The PT30 is a 3O-mm sensor that provides 10-
mm sensing range; the KT34 is a 34-mm sensor with a 
20-mm sensing range. Both models are available in 
Oush and nonflush mounting styles. 

For More Information Circle No. 767 

Flat Bushbar Systems 
A new flat bush bar system 
from Rittal Corp., Spring
field, OH, is designed to 

simplify the installation and 
wiring process of power dis
tribution components with

in a control panel. The system is rated at 360 amps and 
offers a 40-mm pacing design. Features include cliJ>-On 
connections. touch-safe cover system, the ability to inte
grate single or double DIN-rail-moWlted controls, and 
multifunction adapters rated from 25 to 40 amps. The 
adapters are suited for industrial control equipment 
that utilizes LECtype controls. Available in 4:", 54-, and 
9O-mm widths, the adapters feature a Ooating contact 
system for diJXlnfcliJXlff mounting, wire leads or 
clamps. and the ability to integrate BUS technology. 

For More Information Circle No. 770 

Film Measurement 
System 
ADE Corp., Westwood, MA, 
offers the AcuMap 11 film 
measurement and visualiza
tion system that provides an 
alternative to conventional 
film thickness measurement 
sy Lems. I t is a full-wafer 
mapper capable of provid
ing up to 40,000 film mea

surements across a wafer in less than 90 seconds. The 
system maps dielectric films and is compatible with 
IOO-200-mm wafers. It employs an optical imaging 
system that provides high.<Jensity resolution of wafer 
thickness, and permits process characterization of 
the entire wafer. 

For More Information Circle No. n3 

Equipment 
Enclosures 
Outdoor WAN aluminum 
cabinets designed for 
wireless telecom , data· 
com, and other applica
tions are available from 

Pentair Electronic Packaging, Plymouth, M . The 
Oexible, te ted, and prequalified enclosures ensure 
positive protection for electrical and electronic 
equipment in harsh outdoor en.ironments. The 
enclo ures can be rooftoJ>- or pad-mounted. They 
are available in unibody or modular format, in sin
gle- or multiple-bay configurations, with mounting 
for 19", 23", and proprietal)' racks. Optional heat 
exchangers and air conditioners are available, 
among other features. 

For More Information Circle No. 776 
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Directly from us to you www.a/gor.com 

or b Courses 
and Educalion at Your Desk 

Now new and experienced Algor 
customers can get step-by-step 
instruction on how to take advan
tage of software features and 
capabilities without leaving their 
desk. Each Web Course registra
tion includes: 

Access to the Live Web Course on 
the Internet using a password. 
Viewing the Live Web Course 
gives engineers the opportunity to 
phone in or email their questions 
and participate in the training. 

Access to the replay of the Web 
Course for unlimited personal 
screenings using streaming video 
format. The streaming video format 
is a fast response format that 
"streams" the video over the 
Internet to the engineer with no 
download times. 

A VHS videotape or CD-ROM con
taining the Web Course enables 
engineers who do not have 
Internet access to benefit from 
Algor's use of Internet audio/video 
technology. This enables viewers 
to build a resource library of Web 
Courses. 

Past topics of Algor Live Web 
Courses are also available for sale 
in both Internet Streaming Video, 
VHS videotape or CD-ROM for
mat. See our web site for course 
listings and details. 

Algor's Cutting Edge Technology Enables 
igh Au '0 a d 'd 0 Ii 

All Algor Live Web Courses are broadcasted in three band
widths with top quality audio to reach viewers on all types of 
Internet connections from 56k modems to cable modems 
and T1 lines. 

Algor has made a significant investment in webcasting 
technology to produce Web Courses of the highest possible 
quality at any bandwidth. High-technology production tech
niques show the details of Algor software in use at any 
bandwidth. 

FREE SA PLE. To sample Algor's Web Course technique 
at no charge, tune into one of our e blic ebcasts 
available at www.algor.comlwebcast that showcase live 
demonstrations of Algor software capabilities. By calling in, 
engineers can participate in the live demonstration by having 
Algor engineers respond to their questions. The Webcasts 
are then made available for replay after the live broadcast for 
a personal screening at any time. Visit our web site for a list
ing of upcoming Webcasts and Webcast Replays. 

Algor's Web Courses have qualified for Profe sional 
Development Hours (PDH) within those states that 
have Continuing Professional Competmcy (CPC) 
requirements as a condition of license renewal 

for Professional Engineers. 



from a wall transformer unit to 5-Vdc 
power used by the other subsy terns. 

2. RS-232 Voltage-Level Converter 
This circuit converts RS-232 tran
mitting (TxD) and receiving (RxD) 
±lO-Vdc logic level to +5/ 0-Vdc 
logic level used in the PLD. 

3. System Clock 
The sy tern clock operate at a fre
quency of 32 MHz (instead of 4 
MHz) because 8¥ over- ampling of 
the 4-MHz received infrared signal is 
required for the 4-MHz receiving 
logic in the PLD. The system clock 
also provides a master clock signal 
that is divided in frequency down to 
921.6 kHz to enable 8¥ over-sam
pling for the 115.2-kilobaud RS-232 
receiving logic. 

4. Infrared Transceiver Module 
This module contains an infrared 

light-emitting diode (LED) and an 
optically gated tran istor that oper
ate at the same wavelength. Because 
it is an IrDA-standard module, it i 
compatible with commercial elec
tronic devices. 

5. ThePUJ 
The PLD contains all the logic cir
cuitry needed for conversion between 
an RS-232 data stream and a faster in
frared data stream. Thus, most of the 
functionality of the transceiver i im
plemented in the PLD. 

6. Configuration EPROM 
The configuration erasable pro
grammable read-only memory 
(EPROM) is used to reconfigure the 
logic in a the PLD, which logic is 
based on a static random-access 
memory (SRAM). Each time power 
is turned on, the PLD is configured 

with its hardware logic. Change in 
the logic are implemented by chang
ing or reprogramming the configu
ration EPROM. 

7. PC Programming Connector 
This is a socket for a cable connec
tion to enable the u e of a PC to pro
gram the PLD. This socket i u ed 
temporarily - during development 
- for configuring the PLD directly 
from a PC without reprogramming 
the EPROM. 
This work was done by Brandon Dew

berry and Kosta Vamavas oj Marshall 
Space Flight Center. 

This invention is owned by NASA, and a 
patent application has been filed. For Jur
ther inJormation, contact Sammy Nabors, 
MSFC Commercialization Assistance Lead, 
at (256) 544-5226 OT sammy.nabors@msJc. 
nasa.lOv. ReJer to MFS-31331 . 

• "Intelligent" Transceivers Would Predict Failures of Parts 
Replacements could be ordered automatically to arrive just in time. 
NASA s Jet Propulsion Laboratory, Pasadena, California 

Special-purpose, "intelligent," com
puter-controlled, highly miniaturized 
radio transceivers have been proposed 
for use in monitoring critical and/ or 

valuable pieces of equipment. These 
transceivers and associated electronic 
circuits would perform both diagnostic 
and prognostic monitoring functions: 
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They would acquire and provide infor
mation on the history and current status 
of the monitored equipment. On the 
basis of this information, they would pre
dict impending failures of components. 
Then they would order replacements for 
components expected to fail soon or for 
consumable supplies (e.g., fuel) ex
pected to be exhausted soon; these or
ders would be submitted so that the 
needed replacements would arrive just 
in time. 

The intelligent transceivers were con
ceived as means to relieve highly mobile 
military forces of much of the burden of 
maintenance and logistics. They could 
also prove useful in civilian industries in 
which it would be cost-effective to antici
pate needs to replace components 
and/ or replenish supplies; examples 
could include the automotive, vending
machine, and shipping industries. 

Intelligent tran ceivers would have di
mensions of no more than a few cen
timeters. They could be mass-produced 
relatively inexpensively by use of estab
lished integrated-circuit fabrication 
techniques. An intelligent transceiver 
would be connected with "smart-part" 
microchips that would be designed into 
major components and subassemblies of 
the equipment to be monitored (see fig
ure) . These microchip would contain 
sensors and sensor circuitry for monitor
ing the physical conditions and statuses 
of components and subassemblies. The 
sensors and circuits would be designed 
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An -Intelligent" Transceiver connected with ·smart-part" sensor chips would provide information on 
the status of the equipment in which the sensor chips were embedded. 

and calibrated to be especially sensitive 
to such failure-inducing phenomena as 
excessive wear, overstress, and tempera
ture anomalies. The output signals from 
the smart chips would be collected by 
the transceiver and processed by algo
rithms that would predict times of prob
able failure of specific components. 

An application-specific integrated cir
cuit (ASIC) within the transceiver would 
provide the sensor-signal-processing al
gorithms and would serve as the inter
face between the rest of the transceiver 
and the smart sensor chips. During nor
mal operation, the principal function of 
the ASIC would be to scan the sensors 
and perform continuous self-imerroga
tion and diagnosis. Meanwhile, the time 
accumulating on each monitored com
ponent would be sent to a transceiver 
memory for continuous updating. Dur
ing this operation, anomalies expected 
to lead to failure would be identified 
and times to failure would be estimated. 
The collected data would be processed 
into "plain-language" text with supple
mental information derived from the 
memory, and requests for replacement 
of parts expected to fail would be trans
mitted - all automatically. 

Functions and characteristics of intel
ligent transceivers, in addition to those 
de cribed above, would include the fol
lowing: 
• Each transceiver would contain a small 

battery or other power ource and a 
small antenna for transmitting and re
ceiving over a limited range; however, 
in normal operation, it would be con
nected, via a standardized receptacle, 
to a larger antenna and a power source 
in the monitored equipment to enable 
communication over a longer range. 
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• Although a transceiver would automat
ically signal the need for replacement 
of parts or other maintenance actions, 
it could also be interrogated manually 
for information on the status of the 
monitored equipment. 

• Each transceiver would record the 
maintenance history of the monitored 
equipment. 

• All components of the monitored 
equipment would be identified, in a 
transceiver memory, by part numbers. 

• Instructions for repair and replace
ment would be contained in each 
transceiver memory and would be ac
cessible via an infrared link to a display 
unit. 

• Each transceiver would contain a Global 
PositiOning System (GPS) receiver. 

• Each tran ceiver would be capable of 
autonomously communicating with 
other tran ceivers to ascertain their lo
cations. 

• A transceiver on a damaged piece of 
equipment could interrogate other 
damaged pieces of equipment to de
termine what components could be 
salvaged and whether a replacement 
for a damaged component in its own 
damaged piece of equipment was lo
cally available. 

• Each tran ceiver would be capable of 
"learning and updating its "knowl
edge" of the rates of wear of critical 
components. 
This wln"k was done by Philip Muynihan 

and Govind Deshpande of Call~ch fOT 
NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free ~line at 
UIW'W.nasatech.com under the Electronic 
Components and Systems category. 
NP0-20699 

www.nasatech.com 

• BLADDER TANKS 'AlR CEUS 
• DIAPHRAGMS' ACUATO 
• BEllOWS' FUEL CEUS 
• STRESS TEST BLADDERS 
• CUSTOM INFLATABLES 
• PNEUMATIC / HYDRAUUC PRESSES 

...AI-" P a 800·526-5330 
AERO TEC LABORATORIES INC. 
RAMsEv. NJ 01446-1251 USA 
TEL: 201-825-1400' FAX: 20HI2.5·1962 

.-Mail .e!:!e;~~ri~e:.~~Xmnet 

For More Information Circle No. 489 

NEW 
BOXLIGHT 
XO-9 M 
ULTRA 
COMPACT 

At 4.8 Ibs. and 1000 ANSI lumens, the 
XD-9m projector can dazzle audiences 
in any environment. All BOXLIGHT 
projectors have a 3O-day money-back 
guarantee, two-year parts and labor 
warranty, and free lifetime 24-hour tech
nical support. BOXLIGHT offers a full 
line of projectors and accessories. Learn 
more about BOXLIGHTs commitment 
to pre entation excellence by visiting 
www.boxlight.com/manufacturing or by 
calling 1-800-863-6315. 

.BOXLIGHT. 
•• Presenting a Better Way 

For More Information Circle No. 491 

Are You 
an INSIDER? 

Subscribe today to NTB INSIDER, 
the FREE e-mail newsletter for 

NASA Tuh Brnfs readers. 

Twice each month, the INSIDER will 
bring you exclusive previews of upcoming 

briefs and articles in \'\SA Tech Briefs, 
advance notice of online and trade show 
opportUnities, and ASA/industry ne\'i 

you won't find elsewhere. 

Subscribe online at www.nasatech.com 



• Networks Based on Stack-Tree Topology and a 1394 Bus 
COTS circuits can be configured to achieve high degrees of fault tolerance. 
NA :As Jet Propulsion Laboratory, Pasadena, California 

A method of de igning fault-tolerant 
networks of computers and other elec
tronic circuits has been conceived with a 
view toward minimizing costs by utilizing 
commercial off-the-shelf (COTS) prod
ucts and standards for all tern and com
ponent interfaces. The method involves, 
more pecifically, utilization of selected 
features of the 1394 bus architecture and 
of the stack tree-topology ( ee Figure 1), 
which is a pecial case of the general tree 
topology and which complies with the 
1394 standard. Of particular significance 
in the method is a specific type of stack 
tree denoted as Complete tack Tree 
(CST) of n stem nodes. 

Taken by itself, the stack-tree topology 
is not fault tolerant: failure of any link par
titions a stack tree into two segments, 
while failure of a stem node can partition 
the tree into two or three segments, de
pending on the specific design. Moreover, 
the 1394 standard does not permit loops, 
which would be formed if, for example, 
one were to connect the leaf nodes of a 

A Stack Tree 

A Tree (But Not A Stack Tree) 

2 3 n-l n 

2n-l 2n 

A Complete Stack Tree (CST) of 
nStem Nodes 

Figure 1. Stack Trees are constructed from 
three-port nodes. A leaf node is one that is con
nected to one other node denoted a stem node. 
Each stem node is connected to at most three 
other nodes, of which no more than two are 
stem nodes. A complete stack tree (CST) is one 
in which each stem node is connected to at least 
one leaf node. 

64 

6 5 

8 9 

EQUIVALENT REPRESENTATIONS OF CST R FOR n = 16 

1.0 

0.9 

0.8 

~ 
:0 

0.7 .!!l 
a; 
a: 
~ 0.6 0 

~ 
Q) 

z 
III 

0.5 
:J 
In 

0.4 

0.3 

0.2 
10-9 10-8 10- 7 10-6 

Node Failure Rate 

CALCULATED BUS NETWORK RELIABILITIES FOR n = 16 

Figure 2. The CST. Topology Is More Fault-Tolerant than is t he corresponding CSTs topology. These 
curves were calculated for the example of a CST of n = 16 and an assumed fault -detection-and-re
configuration coverage of 0.9999. 

CST with spare links. However, the 1394 
standard provides a "port disable" feature, 
which can be utilized to make any pare 
links "invisible" to the rest of the network. 
In the initial configuration of the net
work, the ports connected to the spare 
links are disabled, thereby disabling the 
spare links and preventing the formation 
of loop . In the event of failure of one or 
more nodes or a link of the initial network 
configuration, messages can be rerouted 
around the failed parts by enabling the 
appropriate ports to activate the appro
priate spare links. 

The upper part of Figure 2 schemati
cally depicts a complete tack tree without 
spare links [denoted a "simplex complete 
stack tree" (CSTs)) and a complete stack 
tree with a pare link constructed to ob
tain a configuration called "CSTR" (where 
"R" refers to the fuet that the resulting net
work topology is ringlike). The lower part 
of Figure 2 presents an example of calcu
lated bus network reliabilities as functions 

www.nasatech.com 

of the node failure rate to demonstrate 
that a significan t increase in reliability is 
expected to be achievable by the present 
method. 

This work was done by Leon A lkali, 
Savio Chau, and Ann Tai of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

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

Technology Reporting OffICe 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NP0-20817, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 
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$- Special Coverage: Computers & Peripherals 

The OmniMeterQ 

Elf" single-board 
computeT from DVP. 
Rockville. MD. mea
sure 12 square 
inches and features 
audio and telecom 
peripherals. 12 addi
tional discreet ker->. 
and a econd serial 
port. It comes with 
direct support for 
various QVGA dis

plays, including an extended temperature-range QVGA mono
chrome display with integral touchscreen. 

The compUler is a StrongARM-based platform for OEMs develop
ing handheld computers. The system features onboard NiMH and 
NiCAD battery charging circuitry, low-power DRAM, onboard multi
voltage power supply. and lO-bit A/D converter. l().general-purpose 
1/0 pins. It supports Wmdows CEo embedded. and Linux platforms. 

For More Information Circle No_ 727 

National Instruments. 
Austin, TX., has intro
duced the DAQCard-
6062E and DAQCard-
6715 PCMCIA cards 
for laptop computers. 
The 6062E is a 12-bit, 
500 kS/s multifunc
tion 1/0 card with 
analog output wave
form capability. The 

6715 is an 8-channel analog output PCMClA card with the ability to 
generate waveforms at IMs/s. Both cards feature a shielded latching 
connector that keeps the cable attached to the card. 

The boards include NI-DAQN driver software for use with numer
ous programming environments and languages with Nl PCbased 
data acquisition products. The software works with PCMCIA, PCl. 
PXI/CompactPCl, ISA, and IEEE-1394 platforms. The cards are used 
for creating waveforms in process control applications, audio testing, 
and vibration analysis. 

For More Information Circle No. 726 

Accuride Inter
national, Santa Fe 
Springs, CA, offers 
two keyboard tray 
systems mounted 
on fully concealed 
Accuride slides. 
Both the deluxe 
and standard sys
tems feature an 
angled keyboard 
platform and a 30"-
wide tray that prer 

vides a mousing urface on either side. The trays feature a curvilin
ear, ergonomic design for user comfort. 

The trays feature three typing positions. Each tray comes with a 
remoYabJe gel or foam palm rest that allows the system to accommo
date virtually any keyboard. An installation template and heaV)Yiuty 
brackets are included. 

For More Information Circle No. 131 

CyberResearch, Branford, CT, 
offers the MSC series of ultra
compact industrial PC worksta
tions with 6.4" TIT LCD dis
plays. The MSC 06 features an 
embedded 486DX4, lOO-MHz. 
CPU card, and an optional ana
log resistive touchscreen. The 
MSC 06H development PC sys
tem also features a HideAwayN 
6.4" TIT LCD color display 
mounted inside the unit's 
hinged front cover. 

The MSC 00 base system does 
not include a built-in LCD dis

play, but is available with two different embedded 486DX4, tOO-MHz. 
CPU card options. both of which include a PC/I04 connector for 
accessories. All MSC series workstations feature a wall-mountable 
steel chassis. 32 MB RAM, 2.5" 6-GB hard disk drive, 55W power sup
ply, DOS software, and built-in 10Base-T Ethernet port. 

For More Information Circle No. 728 

The PENTX.2 single
board computer from 
MATRIX Corp., Raleigh, 
NC, i available in 6U 
VMEbus, convection
cooled, milita.rized, con
duction-cooled, and 
non-VME versions. The 
computer is based on 
the 266-MHz. Pentium·n 
and 440BX support 
chip set. The system 
supports lSA peripher

als such as keyboard, mouse, serial ports, parallel ports, IDE. and flop
py disk internces. 

It supports Ultra SCSI, lOBase-T and lOOBaseTX. Ethernet, one PCI 
mezzanine card slot. and AGP graphics functions. Also available is a 
FLASH disk that functions as an IDE disk drive and USB port. The sys
tem memory interface supports memory sizes from 32 to 128 MB 
SDRAM. 

For More Information Circle No. 729 

Christensen Dis
play Products, 
Preston, WA, has 
introduced the 
LS10 10.4" flat
panel monitor 
series, available in 
a variety of mount
ing and touch
creen configura

tion . The moni
tors offer up to 
800 x 600 resolu

tion, 16-bit color. wide viewing angles. and direct compatibiJity with 
any tandard analog video signal. 

They feature a true 10.4" diagonal viewing area, which is as large as 
a traditional 12" ClIT monitor, but with less depth and weight. The 
monitors use the same internee as the company' larger industrial 
flat-panel monitor products. 

For More Information Circle No. 730 
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ewl An infonnative 
brochure from MIN
ALEX, leader in 
close tolerance 
shapes to 3 1/ 2", 
i11ustrates typical 
applications and de
scribe capabilities 
including short 
runs. MI ALEX, 

quality leader, delivers on time, every time . 
MlNALEX, PO Box 247, Whitehouse Station, NJ 
08889; Tel: 908-5344044; Fax: 908-534-6788. 

Minalex 
For More Information Circle No. 607 

EXPERIENCE THE 
POWEROFFEA 
THROUGH INTERNET TV 
DISTANCE LEARNING 

Visit www.eTechLeaming.com to access a free web 
course preview and get schedule and ordering infor
mation. For as little as $350, web courses let you learn 
at your own pace with on-demand replays and a library 
copy video or CD-ROM. In addition, these courses 
have qualified for Professional Development Hours 
toward P.E. license renewal. Address: 150 Beta Dr., 
Pittsburgh, PA 15238; Phone: +1 (412) 967-2700; E
mail: info@algor.com; or Fax: +1 (412) 967-2781; 
www.eTechLearning.com , www.algor.com, www. 
pipepak.com, www.feaincad.com 

Algor, Inc. 
For More Information Circle No. 610 

SOFTWARE 
SHOWCASE 
Software Showcase provides 
you with information and 
demonstrations of industry
leading National Instruments 
application software for mea
surement and automation 

applications, such as LabVIEW", LabWindowsT" / 
CVI, LookoutT". HiQT", and much more. The free 
multimedia CD also offers direct access to product 
and order information via the Internet. Call or visit 
the ational instruments Web site for your free CDI 

ational Instruments; Tel: 800-433-3488 (U.S. and 
Canada); 512-794-0100; Fax: 512-683-9300; e-mail: 
info@ni .com; www.ni.com/ info/showcase 

National Instruments 

For More Information Circle No. 613 

POROUS 
CERAMIC 
VACUUM 
CHUCK 
PhotoMachining of
fers a porous ceramic 
vacuum chuck for use 

with thin films and other Oat samples. Pore sizes under 
25 microns assure uniform suction and holding power 
for even the smallest parts. PhotoMachining also pro
vides contract laser-manufacturing services, and 
designs and builds custom \aser-based manufuct:uring 
equipment. Photo Machining, Inc., 4 Industrial Dr., 
Unit 40, Pelham, NH 03076; Tel: 603-882-9944; Fax; 
603-886-8844; rschaeffer@photomachining.com; 
www.photomachioing.com 

PhotoMachining, Inc. 
For More Information Circle No. 616 
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KEITHLEY'S 
2000/2001 
CATALOG 
Keithley's 2000/2001 cata
log of computer-based mea
surement products provides 
specifications, election 
guides, and background on 
measurement techniques. 

Products include voltage, current, and resistance 
meters; sources, switches, software, real~time con
trol hardware, igoal conditioning hardware; acqui
sition, digital I/O, and motion control boards; and 
semiconductor products . Keithley Instruments, 
Inc., 28775 Aurora Rd ., Cleveland, OH 44139; 
Tel: 1-888-KEITHLEY; www.keithley.com 

Keithley Instruments, Inc. 
For More Information Circle No. 608 

ALGOR'S ACCUPAKI 
VE SOFTWARE 
REPLICATES REAL
WORLD EVENTS 
In this impact simulation, 
Algor's Accupak/ VE Mecha
nical Event Simulation soft

ware and kinematic element technology replicates 
physical behavior by determining the motion, flexing 
and resulting stresses of a CAD part or assembly in a 
"vi.rtuaI laboratory." Add thermal, fluid or electrostat
ic effects to Accupak/VE analyses with linear and 
nonlinear materials to simulate multiple physical 
phenomena. Address: 150 Beta Dr., Pittsburgh, PA 
15238; Phone: +1 (412) 967-2700; E-mail : 
info@algor.com; or Fax: +1 (412) 967-2781 ; 
www.a1gor.com 

Algor, Inc. 
For More Information Circle No. 611 

PXITM- COMPACTPCI 
FOR MEASUREMENT 
AND AUTOMATION 
PX1 modular instrumentation 
empowers you to meet your 
measurement and automation 
cbalJenges in the most effective 
way possible. By combining PC 

technology with CompactPCl modular industrial 
packaging, timing and triggering, and the industry's 
best software. National Instruments brings you the 
widest selection of PX1/ CompactPCI solutions for 
test, measurement, data acquisition, and industrial 
automation. National Instruments; Tel: 8O<J..89~885 
(U.S. and Canada) ; 512-7~100; Fax: 512-683-9300; 
e-mail: info@ni.com; www.ni.com/ info/ pxi 

National Instruments 

For More Information Circle No. 614 

SPIRAL RETAINING 
RING CATALOG 
Smalley Steel Ring Co. intro
duces the new '99 edition cata
log, ItRR-99. It offers more 
than 4000 stock Spiral 
Retaining Rings, available in 
both carbon or stainless steel, 
with diameters ranging from 

3/8" to 84". Complete engineering data is included 
in this 56-page manual. Spirals have no ears to 
interfere. Spiral Retaining Rings install easily and 
can be removed with a screwdriver. Smalley engi
neers are availahle for free design help. malley 
Steel Ring Co., 385 Gilman Ave., Wheeling, IL. 
60090; Tel: 847-537-7600; Fax : 847-537-7698; 
www.smalley.com 

Smalley Steel Ring Co. 
For More Information Circle No. 617 
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100,000 PROCESS 
MEASUREMENT AND 

~.c~ CONTROL PRODUCTS 
More than 100,000 proce mea
uremeot and control products can 

now be ordered directly via 
OMEGA Engineering Inc.'. new 

online store at www.omega.com. Most items are in 
stock for overnight delivety. Products include ther
mocouple and RTD probes; instruments for tem
perature measurement and control; pressure trans
ducers and load cells; plus a full line of data acquisi
tion products. OMEGA Engineering Inc.; One 
Omega Dr., P.O. Box 4047; Stamford, CT 06907-
4047; Tel: 8O<J..826-6342; Fax: 203-359-7700; e-mail: 
info@omega.com; www.omega.com 

OMEGA Engineering Inc. 
For More Information Circle No. 609 

TUESDAY @ TEN: 
INTERNET TV 
DISTANCE DEMOS 
SHOW WHAT'S 
NEW 
Join Algor every Tuesday at 
10 a.m . Eastern Time at 
www.eTechLearning.com to 

learn about Algor's Ftoite Element Analysis and full 
Mechanical Event Simulation software and its 
InCAD products for doing FEA within CAD. Viewers 
can phone or e-mail questions to be answered by 
Algor engineers during these free. public Webcasts. 
Replays are availahle on demand. Phone: + I (412) 
967-2700; E-mail: info@a1gor.com; or Fax: +1 (412) 
967-2781; www.eTechLearoing.com. www.a1gor.com 

Algor, Inc. 
For More Information Circle No. 612 

VIBRATION 
ISOLATION & IMPACT 
ABSORPTION 
New, fuJJ<olor brochure describes 
the dynamic properties of Sorbo
thane, the unique vibration isolation 

and impact absorption material. New test data details 
the damping properties of Sorbothane compared to 
other elastomers. Sorbothane is a patented visco-e1as
tic polymer. Includes information on Sorbothane's 
new line of advanced vibration isolation / shock 
absorption products, as well as applications engineer
ing, manufacturing capabilities, and the many appli
cations for Sorbothane. Sorbothane. Inc.; Tel: 330-
678-9444; Fax: 330-678-1303; e-mail: webmaster@ 
www.sorboLhane.com; http://www.sorbothane.com 

Sorbothane, Inc. 

For More Information Circle No. 615 

FREE! MOTION 
CONTROL CATALOG 
YR 2000 catalog includes full 
specs on Gali]'s programmable 
motion controllers available in 
ISA, PCI , PC/ I04, VME, RS-
232/422, USB and Ethernet 
formalS. Configurable for step

pers and se rhos . Features program memory. 
uncommitted I/O and all modes of motion. 
Software tools for autotunning and interface to 
VISual Basic. Catalog includes 20-page technical ref
erence about motion control systems. Visit 
www.gaIilmc.com. Marketing contact: Lisa Wade. 
GaJil Motion Control, 203 Ravendale Drive . 
Mountain View, CA 94043; (650) 967-1700; (800) 
377-6329; fax (650) 967-1751; www.gaIilmc.com 

Galil Motion Control 
For More Information Circle No. 618 
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Hiram Jones Elec
tronics, inc'; A Di
vision of the ea
Strom Hardware 
Group manufac
tures a complete 
line of standard 

miniature tenninals 
including: insulated 
!.eSt jacks, assembled 
standoffs and press
type terminals. All 
sLandard catalog 
items are available 

for immediate pricing and delivery. Call today for 
your free 27-page catalog: 8()().634.2356. 

Hiram Jones Electronics, Inc. 
For More Information Circle No. 619 

LIGHTED INTERFACE 
SWITCH 
CONTROLLER·XT 
Literature from StacoSwitch 
details the Interface ConuoJIer
XT (IFCXn - a flexible, low
cost digital I/O controller 
designed to manage clusters of 

lighted pushbutton swilChes, LEOs, and incandes
cent1amps. Features include 32 input and 32 output 
channels, audible tone generation, ac:ljustable out
put levels of all lamps individually, and RS-232 and 
RS-422 capability; simple software driver set; com
pact size; easy direct mount StacoSwitch; Tel: 714-
549-3041; Fax: 714-549-0930; e-mail: sales@ 
stacoswilCh.com; www.stacoswitch.com 

StacoSwitch CO. 
For More Information Circle No. 622 

DEVICE DATA 
INTO WINDOWS 
APPLICATIONS 
WinWedge instantly inputs 
serial (RS232-RS485) or 
TCP/IP data into any 
Wmdows application: Excel, 
Access, MMls, etc. Collect 
data from and control 
gauges, micrometers, bal
ances, meters, bar<ode scan
ners, measuring instruments 

'" any device. Easily perform graphing and analysis of 
your instrument data in any program. TalTech. 2027 
Wallace St., Philadelphia. PA 19130; Tel: 800-722~, 
2150763-7900; Fax: 2150763-9711; www.taltech.com 

TalTech 
For More Information Circle No. 625 

Sign Up today at 
www.nasatech.com 

Look for . button at 
the top of the bome page. 

THE SOURCE 
FOR 
ELECTRONIC & 
MECHANICAL 
HARDWARE 

srandard electronic 
and assembly hard
ware available from 
stoclr.. eastrom's 66-A 

Catalog provide. a complete source for over 
45,000 products. For a free 550-page catalog, call 
800-634-2356. 

Seastrom Mfg Co. Inc. 
For More Information Circle No. 620 

HYBRIDTM PANEL 
FASTENERS 
(BULLETIN PFP) 
The e new Type PFpTM 
self-clinching HYBRID 
panel fasteners feature a 
steel retainer and screw 
with a black ABS cap. The 
"spring action" of the cap's 

'--____ =_~=__.J plastic "fingers" allows the 
knob to be held in a retracted position until it is 
tightened down. A universal slot/Phillips drive is 
standard. Optional colors are available. Penn 
Engineering & Mfg. Corp.; Tel: 800-237-4736; Fax: 
2I507fXH)143; www.pemnel.com 

Penn Engineering & Mfg. Corp. 
For More Information Circle No. 623 

SMALL PARTS CATALOG 
NO. 20 QUALITY 
COMPONENTS, 
MATERIALS, AND 
TOOLS 
This catalog is pacIr.ed with products 
for engineering design, research 

and development, prototypes and modeling, and 
industrial assembly. Thousands of itellllJ are in stock, 
including miniatUre fasteners. specialty compo
nents, fluid and motion control devices, select 
materials, and precision tools. SMALL PARTS. 
INC .. 13980 NW 58th Court. Miami Lakes. FL. 
33014. Attn: Free Catalog- Dept 2OOF; Tel: 800-220-
4242; Fax: 800-423-9009; www.smalJparts.com 

Small Parts, Inc. 
For More Information Circle No. 626 or 

visit _ .n.asatech.coml626 

ALUMINUM 
FRAMING SYSTEMS 
AMCO offers a on~f-a-kind 
aluminum structural system to 
simplify the design of special
ized and non tandard enclo
sures. This system allows cus
tomers to build enclosure, 
raclr.s, or tands from • to 20' 

in any 91k1egree plane. Features include high
strength extruded tubing with II different integral 
flange configurations; 3 types of acce ory-mount
ing channel; 7 joining and comer castings, and 
more. Reque t catalog 203. AMCO Engineering 
Co., Schiller Park, n..; Tel: 1~33-3156, 847.071-
6670; Fax: 847.071-9469; www.amcoengineering.com 

AMCO Engineering Co. 

For More Information Circle No. 636 

FREE 2000 
QUATECH 
PRODUCT 
CATALOG &CD 
Quatech '5 2000 catalog 
details our extensive line of 
quali!), communication. data 
acquisition. and signal condi
tioning products for USB, 

PCMCIA, PCI, and ISA. ew for 2000 are the 
FreedomUSB Series of multi-port U B serial adapters 
and USB hubs. A\rulable in print or as an interactive 
CD linked to our secure online ordering system. the 
catalog provides product overviews. photos. and com
plete techrtica1 specifications. Call 1~553-1170 for 
your free copy or .isit www.quaI«h.amo. 

Quatech, Inc. 
For More Information Circle No. 621 

~
STORAGE 

. I ENCLOSURES 
~ I Kingston's storage enclosures 

are specifically designed to 
• meet your long-term slorage 

needs. Ki ngston offers an 
unparalleled variety of high-quali!)', mix-and-match 
enclosures that provide compatibility-tested hous
ing for full- and half-height fIXed or removable 
drives. All products are supported with an industry
leading warranty and superior customer service. 
Contact Kingston today to request a free 31k1ay 
evaluation or request informalion and literature 
online at www.kington.com/storage/inforeq.asp. 
Enter pass code NTBSI and receive a free gift with 
yOUT literature packet. Tel: 714-438-1850; e-mall: 

torage@kingston.com; www.kingston.com/Slorage. 

Kingston 
For More Information Circle No. 624 

TUBING/PARTS 
FABRICATION 
Precision Thbe Co.'s .00025" tol
erance with 0.0.'5 from .010" to 
2.00' assures optimum tubing and 
tUbular parts. These products are 
fabricated from aluminum. brass, 
copper, brome, and 22 nonfer

rous alloys. They include straight-Iength and coiled 
tubing, waveguide tubing, and complex small parts 
for electronics. HVAC, recreation, medical equip
ment, defen e. aero pace, and more. Application 
Engineering services are available. Precision Tube 
Co .• a Mueller industries Company; 287 WlSSahickon 
Ave., orth Wales. PA 19454; Tel: 215-699-5801; Fax: 
215.099-0761; e-mail: prectube@precisiontube.com; 
........ w.precisiollrube.com 

Precision Tube Co. 
For More Information Circle No. 627 

AIRSTROKEe, 
AIRMOUme 
ENGINEERING MANUAL 
& DESIGN GUIDE 
Firestone Induslrial Products 
Company offen a revised version 
of its Engineering Manual and 

Design Guide for Airstrolr.ell actualors and 
Ainnountlll isolaLOrs. The free manual pro,'ides 
updated guidelines and specs for the air springs, 
including height, force, and stroke data. Also 
included are examples of typical isolation and aClU
alion problems that can be olved by u ing air 
springs. Firestone Induslrial Products Co., 12650 
Hamilton Crossing Blvd .• Carmel, I 46032; Tel: 
800-888-0650; .... ww.firestoneindustriaLcom 

Firestone Industrial Products Co. 
For More Information Circle No. 628 



Newonthe 

MARKET. 
PCI Digital I/O Card 

The REL-16.PCI 16-0utput digital I/O 
interface for the PCl bus from Sealevel 
Systems, Liberty, C, features 16 reed-relay 
outputs that can be utilized for PC-based 
control and automation of equipment, 
including switches, satellite antenna control 
systems, video and audio studio aULOmation, 

ecurity control system , and other industrial-auLOmation systems. Other 
applications include integrating unattended status-monitoring equip-
ment, and fall-back network switching circuits. The card hips with the 
Seal/ O suite ofWmdows 95/ 98/ NT/ 2000 drivers. Circle No. 735 

Data Acquisition Board 
The Model KPCl-3140 counter/timer/ 

digitall/O board from Keithley Instruments, 
Cleveland, OH, combines timing, frequency 
and event counting, and digital I/O with a 
suite of free software. Features include eight 
16-bit counter timers, each with an internal 
clock, external clock and gate inputs, and 
clock output; four internally driven, 24-bit 
interval timers able to interrupt the computer's CPU on time-out; and 
32 charmels of programmable digital I/O with high current drive and 
CPU interrupt Software includes programs, drivers, and utilities sup
porting industry.;;tandard programming languages and DAQ pack
ages. Circle No. 736 
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Digital Input Card 
The CompuScope 3200 from Gage 

pplied Sciences, South Burlington, vr, is 
a single-slot, 32-bit digital input card for 
the PCI bus. It is capable of simultaneous 
sampling at clock rates up to 100 MHz. 

Inputs can be factory.;;et to be either differential or ingle-ended. The 
card can be configured, in software, LO be 8, 16, or 32 bits wide, allow
ing maximum use of storage memory for 8- or 16-bit inputs. It also can 
be used to stream data across the PCI bus into ho t memory, making it 
possible to capture gigabytes of gapless digital data. Circle No. 738 

Isolators and Converters 
Phoenix Contact, Harrisburg, PA, has intro

duced the PSM-ME series of DIN-rail mount
able serial-<lata isolators and converters that 
are 0.89" wide. TIley provide conversion and 
isolation for serial data in terface standards 
including TIY digital current loop and RS-
232, -422, and -485. The user.;;electable RS-232 
to 422/ 485 converter allows the extension ofRS-232 
signals beyond its specified 50-foot l.imitation. The units also feature 
2kV, three-way isolation, surge protection, and filtered shield connec
tion. Circle No. 739 

Flange-Mount Plastic Nut 
The XCF-1800 flange-mount plastic 

nut from Ball Screws and Actuators, 
San Jose, CA, is de igned for use with 
3/16" and 1/4" leadscrews. It is suit
able for 5-pound load-capacity appli

cations uch as small consumer-electronic devices, disk-drive mecha
nisms, medical tools, and computer peripherals. The nut features 
ActiveCAM technology to achieve zero backlash and minimal drag 
torque. A thread-mount version also is available. Circle No. 740 

Waveform Generator 
The Agilent 33250A from Agilent 

Technologies, Colorado Springs, CO, is 
an 80-MHz, function/ arbitrary waveform 
generator designed for use by engineers 
on the bench top or in test systems. It can 
generate standard waveforms from sine and 
square to ramp and sawtooth for circuit testing, design verification, and 
waveform simulation. The generator's direct digital synthesis techniques 
allow users to create accurate output on all waveforms down to 1 pili fre
quency resolution. Features include high-resolution color graphical dis
play, and GPill and RS-232 interfaces with full programmability using 
SCPI programming commands. Circle No. 741 

Measurement Test Set 
The Celerity Systems division of lr3 Communications, 

Cupertino, CA, has introduced the CS29010 fully inte
grated distortion measurement test set for test and 

measurement of cellular, PCS, satellite, LMDS, 
wireless data, and all communications or data-link 
systems operating in complex multi-cliannel and 

multi.;;ignal environments. Features include 45 
MHz at 12 bits bandwidth, arbitrary waveform 
generation, radio frequency up/ down conver

sion, and wideband recording capability with 4 GB RAM through a 
600-MHz Pentium ill processor with a Windows NfTM operating sys
tem. The system includes LabVJEWTM<onfigured measurement and 
control software. Circle No. 742 
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Newon 

DISK 
Web-Enabled Design Automation 

l-OEAS® 8 design automation software frOlD SORC, Milford, OH, 
feat:u.res new collaboration solutions that allow users to leverage !:he 
Internet acro the entire product life cycle. It incorporates 30 annota
tion and organizational tools, allowing users to document and manu
facture a 30 digital prototype, eliminating 20 drawing documentation. 
Other enhancements include a drafting application, free-fonn surface 
modeling, feature-based modeling, large-assembly management, and 
new capabilities for reverse engineering, mold design, and simulation. 
I-DEAS Web Acce enables secure acce to J-OEAS product struct:u.re 
and geometry through a standard web browser. Circle No. 720 

Data Visualization 
Visual umerics, Boulder, CO, has introduced Version 2.0 of 

INVJZlON, a customizable time-series analysis application wriUen in 
the company's PV-WAVE development producL Features include a 
Windows-like menu interface for easier navigation; improved method 
for acce ing customer data files; and an interactive zoom-and-pan 
function, which lets users manipulate specific data points for more 
detailed analysis. Available for UNIX-based workstations and for PCs 
running Windows 95/98/NT, !:he software enables time-series analysis 
of data and the ability to graphically display results via custom plot 
page layouts. Circle No. 721 

Plant Information Portal 
Version B.O of IIIuminator™ Plant 

Information Portal™ from Light
hammer Software Development Corp., 
Exton, PA, enables visualization of 
information from any plant data source 
via any browser or Intemet-enabled 
device. It includes several features 

designed to allow wider application of the technology across many mar
kets. ew tools enable development of advanced web pages by users 
wi!:h no background in HTML, Java, or VB &ripung. The software 
allows any company to begin an e-business strategy, connecting a broad 
set of data sources to any user's thilH:lient browser. C.ircle No. 722 

Graphical Programming 
SoftWlRETM from ComputerBoards, 

Middleboro, MA, combines graphical 
programming with the ability to write 
code in an industry-standard language. 
Functions are selected from a simple 
menu; the objects are placed onscreen as 
desired and !:hen connected wi!:h a few 
drag-and-<lrop wire. The program is then 
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ready to run. All SoftWJRE control blocks are fully COM/ ActiveX 
compatible and can be interfaced to Visual Basic programs. 
Applications include test and measurement, analysi ,automation, and 
database managemenL Circle No. 723 

Real-Time System Development 
ARTtSAN Software Tools, Portland, OR. has launched version 3.1 of 

its Real-time Studio® modeling suite that enable de ign learn to cap
ture software and tem design, automate the captured designs, and 
integrate !:hem into a complete process, without disrupting existing 
development environments. The program also can import various 
model elements from Rational Rose. O!:her enhancements include an 
improved Java code generalor and increased enterprise scalability. An 
updaled synchronizer allows changes in a model to be incorporated 
faster. A strengthened external class mechanism implifies re-use in 
legacy systems. Circle No. 724 
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OlE CO. 
TIERIIAllY COIiDUaM 

SIUeOlE 
IR-'HESIVE/SUIANT 

MASTER SIL 70STe 
• Exceptionally high thermal conductivity • Out
standing electrical insulation • Service up to 400°F 
• No mixing - one part system. Room temperature 
cure. Non-corrosive. Excellent adhesion to differ
ent substrates. Resists severe shock, vibration and 

www.maslerbond.com 

Master Boncllnc. 
Adhesives, Sealants & Coaffngs 

154 Hobart St., Hackensack, NJ 07601 
TEL: 201-343-8983 FAX: 201-343-2132 

For More Infonnation Circle No. 427 

." • • ' •• " •• 1. ,. ,. ,. ,. " ,. " ,. ,. ,. " ,. " 
Flex-Circuits 

l1i-rel, 11 igl1-density in tercon nection 

A 3-dimensional approach to 
electronics packaging 

Single layer to multilayer . L-P-S0884C certified, all 
types . Optional connectors & pins for simplified 
assembly. Integral wire-wound inductive coils 

• SMT-ready design . O.003'lines/spaces 

Replace hard wiring, connector systems & circuit boards 
to create smaller, more reliable electronic packages 
• Avionics. Medical devices . Telecommunications 

• Military radios . Panelized flex for pick & place 

M I NCO PRODUCTS, INC. 
1300 Commerce Lane - Minneapolis, MN 55432-3111 U.S.A 

Telephone: (612) 511-3121 - FAX: (612) 511-0921 

For More Information Circle No. 428 69 



New 

LITERATURE 

! 
Non-Contact Measurement Systems 
A brochure from Optimet, Danvers, MA, describes non
contact dimensional measuring systems that use cono
scopic holography to create preci e, dimensional digital 

~ images of virtually any surface at high speed. Products 
include the Conoprobe lOOO, a general-purpose non<ontact 

measuring probe; the Cono can 2000, a non<ontact profilometer; and 
the Conoscan 3000, which provides 3D measurement capability using 
high-precision X and Y tages. Circle No. 700 

Digital Transducer Indicators 
Sensotec, Columbus, OH, offers a brochure on the SC 

Series of self-calibrating, digital transducer indicators. The 
SIC CAL capability enables the instrument to automatical
ly calibrate itself to any transducer equipped with an inter
nal signature chip. The indicators will accommodate up to 14 plug-in sig
nal conditioner cards for use with all strain gauge sensors. Circle No. 701 

Touch Probes 
An interactive CD from Heidenhain Corp., 
Schaumburg, IL, gives a multimedia demon

stration of the company's Touch Probe line. Topics include principles 
of operation, application examples, and electrical and mechanical 
specifications. Products include cabled and infrared spindle probes, as 
well as tool touch probes. Circle No. 702 

Sensors and PlCs 
Keyence corp. of America, Woodcliff Lake, a, has 
released a brochure on expandable safety light curtains, 
cwo<olor digital display pre ure sensors, and RCB digital 
fiber-optic en ors. Products include the FS-VlO fiber
optic sensor with a dual mOnitoring system, the ultra<om

pact BIAiOO series laser bar<ode readers, and the Visual KV erie 
compact programmable logic controller. Circle No. 703 

Fluid-Sealing Products 
The Sealant Technologies Croup of w.L. Gore & 

Associates, Elkton, MD, has released a brochure describ
ing its fluid-sealing products made from GORE-TEX® 
expanded PTFE or other proprietary forms of PTFE. 
Products include sheet gasketing, form-in-place gaskets, 
gasket tape, pump packings, valve stem packing, and 
pump diaphragms. Circle No. 704 

Specialty Alloys 
Carpenter Technology Corp., Reading, PA, offers a 40-
page color brochure describing its high-performance 
specialty alloys and metalworking services. Products 
include more than 450 types of stainless steels, high
temperature (iron-nickel<obalt-base) alloys, electronic 

alloys, tool steels, and other pecial-purpose metals. Circle No. 705 
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This onth in 

ila~id Product -----.. online 
DtZvtilopmtZnt 

Tools & Techniques To Create Better Products Faster 

Sponsors: 

The web publication for NASA Tech Briefs readers 

NASA Tech Brieft ' totally digital publication. Rapid Product 
Development Online (www.rapidproducts.net) . helps en
gineers develop better products faster by giving them im
mediate, 24-hour acce s to the late t information on CAD, 
FEA, modeling. reverse engineering, and rapid prototyp
ing tools and techniques. 

RPD Online includes feature stories, industry and prod
uct news, product reviews, show coverage. demos, links, 
and a keyword-searchable supplier guide. 

This month 's RPD Online includes: 

L.-_________ • Fused Deposition Modeling in Microgravity - Re
searchers are evaluating Fused Deposition Modeling 
(FDM) and similar techniques for meeting the challenges 
of space-ba ed manufacturing aboard long-duration, 
manned missions. 

Toymaker Cuts Design Time in Half - Feber Inter
national, a manufacturer of injection-molded plastic toys, 
has developed a dynamic. flexible system based on nu
merical control ( C) and CAD/ CAM technologies . 

• Translating CAD Models Overnight - General Pat
tern, a supplier of rapid prototyping services, turned to an 
automated online service to complete an urgent project 
in record time. 

L.-_____ •• New Products - This month 's featured products in
clude a computer-controlled machine for desktop manu
facturing, a new line of resins for stereoli thography, and a 
mold design and manufacturing software package. 

Solid Edge is 
Unigraphics 
Solutions' 
mid-range 
CAD software 
package. Be sure to visit www.rapidproducts.net for the lat

est information on the rapid product development 
industry. For advertising and sponsorship informa
tion, contact Joe Pramberger at joe@abptuf.org; 
Tel: 212-490-3999. 

Spatial www.rapidproducts.net 
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Harsh 
Transit 

Computing 
TransPAC™ provides for 
state-of-the-art computing in 
bone jarring tran portation 
environments - trains, trucks, 
ship and cargo airplane . 

o Up to Pentium® II 
o Multiple Removable Drive 
o Up to 4 Add-in Slots 
o Built-in Touch Screen 
o AC/DC and Battery Power 
o Rugged All Metal Case 

Tested to stringent military 
standards, TransPAC withstands 
constant vibration and shock, 
and ward off flying dust, dirt 
and airborne moisture. 

o MIL-SID 810 Qualified 
o 20g Operating Shock 
o Operation to AO°C 
o Completely Sealed 

NEMA 12 I IP 66 Rating 
o Unique Quick Dismount 

Dolch COTS computers and 
di play are flying on the C-17, 
the NASA Space Shuttle and 
up on MIR. If you need a COTS 
solution to fit your toughest 
assignment, call us today! 

800.995.7560 
www.dolchtranspac.com 
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