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National Instruments GPIB 

Cross-Platform Compatibility 
;1 Maximum Performance 
Worldwide Technical Support 

AT-GPIBffNT 

brought you the 8 Mbytes/s HS488 protocol. 
This year, with the TNT4882C' single-chip interface, we 
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S
ince 1976, National Instruments has set the standard 
for GPIB hardware and software for general-purpose 
computers. We also adhere to a continuous improve­

ment and compatibility strategy for GPIB that is unmatched 
in the industry. Each new generation of our products 
delivers compatibility with increased functionality, ,...~--­

were the first to deliver low-power products like the 
PCMClA-GPIB. 

reliability, and performance for the same low price. 

Cross-Platform Compatibility 
For the past 10 years, our industry-standard 
NI-488.2~ software, included with every GPIB inter­
face we sell, has guaranteed that you never have to rewrite 
your instrument control applications for new computer plat­
forms or operating systems. 

Maximum Performance 

Worldwide Technical Support 
With our worldwide technical support team, we 
are committed to making you successful in your 
application, no matter when you bought our product. 

Free Brochure 
To learn more about our latest GPIB products, give us a call 
and we'll send you our new GPIB brochure. 

In 1987, we delivered the first inter­
faces that surpassed the 1 Mbytes/s 
barrier. In 1990, with the NA T4882® 
chip, we brought the industry to 
IEEE 488.2 compatibility. In 1993, we 

Y NATIONAL 
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f or your f REE 
GPIB brochure, 
call (800) 433-3488 
(U.S. and Canada) 

6504 Bridge Point Parkway · Austin, TX 78730-5039 • Tel: (512) 794-0100 ' 95 (800) 0100793 (Mexico) • Fax: (512) 794-8411 
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o Copyright 1994 NaiionaJ Instruments CorponutOn. All righlS reserved. Producc and company names Iisled are trademarks Of" lOIde names or their re..~poctive companies. 
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For a FREE Trial 

Call today: 1·800·777·5151 

DADiSP 
DADiSP offers more than 500 
functions for collecting, displaying 
and analyzing your data with the 
power and flexibility of a spread­
sheet. Load a new data series, 
matrix, signal, or image, alter 
a parameter, or select a new 
function, and all windows update 
au tomatically. 

• Data Acquisition 

• Data Reduction and Editing 

• Peak Analysis 

• Matrix Mathematics 

• Fourier Analysis 

• Plotting and Graphing 

• Statistics 

• Filter Design 

• Visual ization 

• Image Processing 

Construct sophisticated analysis 
chains in seconds. DADiSP's icons 
and menu-interface place signal 
processing analysis under your 
control. Justpoint and click and 
DADiSP displays your results 
immediately, with no programming. 

DADiSP runs under: 
DOS, Windows, UNIX, VMS. 

DSP 
Development 
Corporation 

One Kendall Square Cambridge, MA 02139 
Phone 617·577·1133,FAX617·577· 211 

For More Information Write In No. 500 
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I PERT Charts, was Structures And 
ComparatiVe S-Curves Get You All Excited, 

This Will Really Spin Your Hard Drive. 
Serious project managers need software that's as serious about the job 

as they are. And that software is CA-SuperProjecr. 

fOwerful yet flexible, SuperProject is sophisticated enough to reflect 

your work environment and is incredibly easy to use. 
Model your projects realistically with effort-driven tasks, date con­

straints, large capacities, to-the-minute scheduling, flexible progress 

tracking, auto actuais, re-scheduled remaining effort and strong multi­

project management. 

Manage resources and costs efficiently with multiple calendars, 

availability and rate tables, efficiency factors, shifts, overtime, 

materials management, advanced leveling, rate overrides, fixed and 

overhead costs, cost accounts and cost/ schedule reporting. 

Understand, report and present your projects effectively using four 

unique outlines with integrated Gantt and histogram charts, cross tabs, 

PERT and WBS charts, 5-Curve and other cost charts, full customiza­

tion with unlimited saved layouts and 90 user-defined fields and formu­

las, all in an intuitive WYSIWYG environment. 

Call 1-800-225-5224, DeDl62589, For More Inlormation. 
CA-SuperProject for the serious power user. You'll wonder how you ever 
managed without it. 

New CA-SuperProiecr3.0 
UIIX Windows OS/ 2 

o ComPU1<r Mlociares _. Inc.. one ComPU"" As!iociaIls flaza.1slandia. NY 1178&1000. 
All product names referenced herein are lIademarks of their respeaiveCOOlpanies. 

For More Information Write In No. 502 



Wherever you may roam, 
AMP has the RF reach to cover you. 

Cellular specilLls include 
our cmui:uctive black finish 
versions /(JT' antenna mounts. 
Contacts on strip /(JT' mass­
production e.fficiency, 
available loose-piece /(JT' low 
volume applications. 



It's a wide, wide spectrum out 
there, and some of the terrain can 
be downright challenging. So it's 
good to know AMP can deliver 
the uncompromising RF perfor­
mance you want, with just the 
options you want. 

We've got capacity to support 
fast-growing segments like 
cellular-with the developmental 
depth to come up with a unique, 
conductive black finish that offers 
big-time aesthetic appeal with no 
sacrifice in electrical properties. 
Our latest entry in this area: our 
micro-miniature, 4GHz board­
mount system with the lowest 
mated profile (0.140") of any 
connector using standard RG 
cables. Just the kind of innova­
tion that makes your life easier. 
And just the kind of engineering 
we love to do. 

No matter where you're work­
ing in RF - from DC to 50GHz-

With its 4GHz tap end, our lalest RF 
addition is at home in a range of 
products,jrom instrumentation 
to cellular phones. 

we've got answers 
you're looking 
for. Ina 

wide selection 
of commercial and fully quali­

fied Mil versions. In a range of 
solidly consistent characteristic 
impedances. With all the choices 
you could ask for in materials, 
finishes, and mounting options. 
And we now offer custom and 
semi-custom high-speed coax and 
transmission cable assemblies, 
simplifying one of the trickier 
aspects of RF design. 

And of course this comes with 
significant productivity gains­
faster termination, simplified 
production, and ea ier fieldwork, 
with tooling second to none. It 
all adds up to good reason for 
giving us a call. 

AMP is a trademark. 

For More Information Write In No. 503 

For literature, or the name of your nearby AMP Distributor, call our 
Product Information Center at 1-800-522-6752 (fax 717-986-7575). 
AMP, Harrisburg, PA 17105-3608. In Canada, call 905-470-4425. 



FEATURES 
12 NASA Software of the 

Year Award 

TECHNICAL SECTION 
24 Special Focus: Test & Measurement ml 24 Automated System Tests High-Power 
~~ MOSFET's 

24 Bag Test Measures Leakage From 
Insulated Pipe 

26 Instrumental Bolts Would Measure Shear 
Forces in Joints 

28 Gripping System for Mechanical Testing of 
Components 

29 Program Helps Design Tests of 
Developmental Software 

30 Electronic Components and 

~ 
Circuits 
30 The Anderson Current Loop 
36 Porous SixGe1-x Layers Within Single 

Crystals of Si 
37 Making Porous Luminescent Regions in 

Silicon Wafers 
38 Epitaxial Deposition of Germanium Doped 

With Gallium 
39 Radiation-Protected Protocols for Self­

Testing of Microcircuits 

40 Electronic Systems 
40 Digital-Electronic/Optical Apparatus Would 

~ Recognize Targets 
., 40 Data-Acquisition System With Remotely 

Adjustable Amplifiers 
43 Versatile Controller for CCD's 
44 Wavelength-Division Multiplexing of Bipolar 

Digital Signals 
45 Frequency-Shift Hearing Aid 

46 Physical Sciences 
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46 Improvements in Optically Stimulated 
Electron Emission 
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46 Fatigue-Crack-Tip Locator 
49 Preparation and Analysis of Specimens of 

Ablative Materials 
50 Apparatus Regulates Temperature Between 

-170 and 1 00 °C 

52 Materials 

• 52 High-Performance Thermoelectric 
Semiconductors 

52 Phenylethynyl-Terminated Polyimides 
55 Aromatic Polyimides With Low Dielectric 

Constants 
56 Stable, Electroinactive Wetting Agent for 

Fuel Cells 
(continued on page 8) 

Engineers at Marshall Space Flight Center have designed 
electric preheaters to improve vacuum plasma spraying of 
large structures, which must be heated uniformly to the 
requisite high temperatures before the plasma torch arrives. 
The ring preheater shown above heats cylindrical stainless­
steel barrels twelve inches in diameter in a 4O-torr vacuum to 
900 °C. See the tech brief on page 76. 

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

But there's more. 
The fastest subsystem is also the most 

flexible, giving you a choice of four record­
ing modes plus offline copy and verify 
functions. 

In Single Mode the drives operate 
independently. 

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

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

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

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

Of course, we also know that a storage 
solution is only as good as the data you get 
back. With a bit error rate of less than 1 in 
1017 bits read, the CY-ASP gives you the 
highest data integrity. 

Based on proven 8mm helical scan 
technology, each drive supports our switch­
selectable data compression option. And 
each drive features a 2-line, 4O-column back­
lit display that gives complete status informa­
tion. 

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

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

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

(804) 873-9000 
CON T E M P 0 R A R Y 

CYBERNETIa 
Rock Landing Corporate Center . 11846 Rock Landing. ewpon News. VA 23606 • Fax: (804) 873-8836 

For More Information Write In No. 504 
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On the cover: 
CARES/LIFE, co-winner of the first annual NASA Software of 
the Year Award and developed at the Lewis Research Center, 
analyzes the reliability and predicts the lifetime of ceramic com­
ponents in engines and other high-stress applications. This 
stress contour plot of a turbine rotor blade shows the probabili­
ties of failure for all regions of the component and can assist 
engineers in designing for minimal failure. 

Photo courtesy of Solar TurtJlnes Inc. 
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MerlinTM Mesh Enhancement Technology gives you 
the highest quality finite element mesh available 

Typical unconditioned meshes from "competitive" products 

(Algor brick element models above shown with an 85% shrink-element factor.) 

Merlin produces engineering-quality, quadrilateral surface meshes for high-accuracy plate/shell FEA or a-node 
"brick" element generation using Hexagen (fully automatic) . Merlin enhances the mesh quality of Algor's 
model ing and design software. In addition, Merlin is included in Houdini"" which is unique software that takes 
existing or new CAD solid models and automatically creates high-accuracy, a-node "brick" finite element models. 

Merlin technology turns a 3- or 4-node 
surface mesh or CAD solid model into 
a high quality 4-node mesh in an easy, 
one-step process. 

When the Engineering 
Has to be Right T M 

Algor backs its software products 
with a Satisfaction Guarantee. 

Call or write for details. 

For DOS, UNIX and Windows NT 
150 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: (412) 967-2700 

Fax: (412) 967-2781 
California: (714) 564-2541 

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

,. Trademark of Algor, Inc. 
Copyright C 1994 Algor. Inc. 



COMPUTERWAl[ NI\SI\ 
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M AGNIFIE S AND SP LIT S 
HIGH RESO LUTI O N 

COMPUT E R IMAG E S AC R OSS 
MULTIPLE MO NITO RS 

OR PROJ ECTORS 

Control room, C2, simulation 
and multimedia applications 

Automatically synchronizes 
to raster-scan input signals 
from 31 .5-80 kHz 

Inputs any workstation 
or PC imagery up to 
1280x1024 pixels 

Displays text, graphics, 
animation and full-motion 
video 

Full 24-bit color 

Real-time operation 

Compatible with all software 

Functions perfectly under 
high ambient light 

Made in the USA 

SPECTRUMI» 
950 Marina Village Parkway Alameda, CA 94501 

Tel: (510) 814-7000 Fax: (51 0) 814-7026 
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THE KNOWLEDGE EXPRESSWAYTM 
The Fast Track for Technology Transfer 

and Business Developl11ent 

- Collaborative opportunities FEDERAL & UNIVERSITY 
LABORA TORI ES - Needs & capabilities 

- Technologies & products 

THE DIRECT ROUTE 
With the power of Natural Language 
Processing, there is no complicated 
language to learn . Direct access to the 
largest collection of technology 
transfer and business development 
information available makes the 
Knowledge Expressway much more 
than a bulletin board of dated and 
unedited material. Current information 
and quality control helps you avoid 
unneccessary detours. 

NEW BYPASS NOW AVAILABLE 
Connect via Internet or modem for 
quick access to the Knowledge 
Expressway. Carpool with thousands 
of technology transfer professionals 
using electronic communications. 
Find solutions to your technology 
needs quickly and efficiently, 
steering clear of wrong turns that 
reduce productivity. 

- Research in progress 
- Scientific experti se 
- Technologies 

FREE ROADSIDE ASSISTANCE 
With toll-free customer and technical 
support, cruising down the Knowledge 
Expressway is worry free. A Knowledge 
Express Technology Access Consultant 
will help you plan your travel on the 
information superhighway. 

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

Fasten Your Seat Belts! 
jump on the Knowledge Expressway and join thousands of federal laboratories, 

universities and technology businesses worldwide who are already in the express lane. 

Knowledge Ex press Data Systems 
One Westlakes, 1235 Westlakes Drive, Suite 210, Berwyn, PA 193 12 

800-529-KEDS or 610-251-8000 Fax 610-251 -8001 

For More Information Write In No. 698 



NASA Software 
of the 

Year Award 
This year; two NASA divisions, the Office of Safety and Mission Assurance and the 

Inventions and Contributions Board, grant the first Software of the Year Award to two winners and 
three finalists. The award-a plaque and cash prize-goes to author(s) of software programs or 

technologies created by or for NASA and used in its space or aeronautics projects. 

CARES/LIFE: Evaluating 
Ceramic Durability 

In the search for stronger, lighter con­
struction materials, ceramics have arisen 
as major alternatives to metallics, 
appearing in automotive engine compo­
nents, high-temperature valves, heat 
exchangers, infrared windows, and artifi­
cial hips, knee caps, and teeth, where 
they are expected to take a lot of stress. 
CARES/LIFE, a software program devel­
oped at the Lewis Research Center, 
helps ensure that they will not buckle 
under the load. 

THE WINNERS 
mental factors, or the material's particu­
lar porosity intersecting with the struc­
ture's surface. Stress and fatigue on the 
structure lead to subcritical crack 
growth (SCG), which enlarges the 
cracks until they may cause catastroph­
ic crack propagation. CARES/LIFE 
assesses the probability that the struc­
ture will fracture prematurely due to 
SCG as a function of service time. 

For program operation, the designer 
must supply crucial information such as 
the shape, size, and composition of the 
component. Finite-element heat transfer 
and linear-elastic analyses determine its 

effective way to test a ceramic compo­
nent. "Normally we like to do a lot of 
paper studies, because computer simu­
lation is relatively inexpensive," said 
Gyekenyesi. "You want to know as 
much as possible before doing proto­
type testing, which is usually very 
expensive." 

The designer can rework the struc­
ture's components and test each con­
figuration in computer simulation for its 
probabilities of failure. A key strategy is 
averaging the probable failures for indi­
vidual copies, because CARES calcu­
lates the range of variations in each iso­

morph, according to the 
design and material. The 
designer can continue to 
adjust the design to maxi­
mize the projected dura­
bility. 

Lewis engineers are 
designing and testing 
ceramics for "small" tur­
bines-those that go into 
car, truck, helicopter, 
expendable missile, and 
small airplane engines 
("large" turbines fit into 
747s or larger machines). 
In fact, it was the push for 
lightweight, effiCient, 
small-engine turbines that 
involved the center in 
ceramics research in the 
1970s. 

John Gyekenyesi, head 
of Lewis' Structural 
Integrity Group, and his 
team began developing 
the program in the 1980s 
to predict the fracture 
response of ceramics due 
to flaws distributed in the 
structure's volume. From 
piece to piece, compo­
nents made of a brittle 
material such as a ceram­
ic can vary greatly in frac­
ture behavior. Variations 
in apparently identical 
components arise from 
invisible material imper­
fections, which vary in 
magnitude. The structure 
fails when the strength of 
its weakest flaw is ex­
ceeded. CARES predicted the probability offailure in this rotating ceramic "The ceramics busi-

Structural ceramics 
have at least two kinds of 

turbine rotor for the Mitsubishi Motors Corporation. ness came about," said 

unavoidable flaws. One type--called vol­
ume or intrinsic flaws-comes about 
from material processing and is usually 
in the structure's interior. The other­
surface or extrinsic flaws-arises from 
grinding, finishing operations, environ-
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Photo coortesy of NASA Lewis Research Center Gyekenyesi, "because of 
temperature and stress distributions. the oil crisis in the 1970s and the estab-
The program generates a data file of lishment of the EPA. It was known that if 
local reliability measures for a graphical monolithic ceramics could be used in 
representation of the structure's critical engines, especially diesels, the combus-
regions. tion process could be made more effi-

The CARES program offers a cost- cient and reduce nitrous oxide, carbon 
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monoxide and other 
harmful pollutants." Ce­
ramic parts could be 
used where the tempera­
tures in a engine become 
very high, such as tur­
bines, or in parts that 
move fast, such as 
valves; they would last 
longer, offer less resis­
tance, and weigh less. 

The code has been 
used extensively in other 
NASA programs including 
the Advanced Subsonics 
Technology Program to 
analyze high-lift systems, 
the Propulsion CFD Con­
sortium for the develop­
ment of an advanced liq­
uid rocket eng ine, and 
the vortex fence of a dou­
ble-delta w ing in the 
High-Speed Civil Trans­
port program. 

At the same time, the 
Department of Energy ap­
proached NASA seeking 
help in engine-efficiency 
research, which could ful­
fill the needs of both 

INS3D, which simulates 3D viscous fluid flows, helped NASA redesign 
components of the space shuffle main engine including the above fuel 

The INS3D code has 
been distributed by COS­
MIC to a wide variety of 
users in other govern­

pump impeller. Photo COCH18sy Ames _ Cent ... 

agencies and expand 
their horizons. "Recently, NASA has 
enlarged its mission, so we're also look­
ing beyond aerospace applications," 
Gyekenyesi said. 

As the ceramics research progressed, 
NASA needed a general purpose simula­
tion tool to predict the materials' durabili­
ty. No code existed, so Gyekenyesi was 
assigned to devise one, and as the role 
his code played in ceramic component 
design increased, his team grew. In the 
meantime, the affordability of ceramic 
components increased enormously: orig­
inally costing about ten times the price of 
metallics, ceramics now come within 
20 percent of the metallics' price in 
some applications. 

Gyekenyesi described NASA's ceram­
ics project as benefitting both the 
agency and the civilian sector. From the 
start of the project, two engine manufac­
turers, Garrett (Allied Signa~ and Allison, 
have been major research benefactors. 
In turn, industry has benefitted from 
access to CARES: about 300 organiza­
tions worldwide have received it, with 
about 65 companies in the US using 
CARES/LIFE (an upgrade featur ing 
ceramic life-prediction capability) , which 
has only been released in this country. 

Although similar codes now exist, 
Gyekenyesi attributed the popularity of 
CARES to two factors. The code is pub­
lic domain and thus readily available. 
Further, it is integrated with popular finite 
element analysis programs such as 
ANSYS, NASTRAN, and ABACUS. 

INS3D: Simulating Real-World 
Flows in 3D 

In 1982, NASA sought to increase the 
thrust level in the space shuttle main 
engine (SSME) by nine percent. However, 
the gas flow in the engine was already so 
severe-so hot and under so much pres­
sure-that the current engine couldn't 
accommodate the increase in thrust. 

"Rocketdyne, the engine manufactur­
er, needed to redes ign the engine 
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power-head components ," explained 
Dochan Kwak, acting chief of the 
Advanced Computational Methods 
Branch at Ames Research Center . 
"That's where computational fluid 
dynamics (CFD) came in, because build­
ing models takes a long time. CFD could 
help reduce the time and the cost 
involved in the redesign. " 

To meet the need for a simulation tool 
to analyze viscous incompressible flows 
such as those in the SSME, Ames scien­
tists developed INS3D, an efficient and 
versatile computer code that solves 
incompressible Navier-Stokes equations 
in three dimensions, including moving 
boundary and unsteady flow capabilities. 

"We made our impact at the early 
stages of the redesign ," said Kwak, 
group leader of the INS3D project since 
its inception. "Think about cutting 20 dif­
ferent pieces of metal, assembling the 
engines, testing all of them, and then 
whittling out the bad choices. But we 
could do it practically-generating one 
solution each week. You just change the 
geometry, run the program, and com­
pare the result with the previous ones." 

Rocketdyne ran about 20 design vari­
ations using this code and chose the 
best configuration . Once constructed, 
the new engine proceeded to laboratory 
and full-scale testing . "They have pro­
duced flight engines that are undergoing 
extensive certification tests and are 
scheduled to fly next year, " Kwak said. 

Viscous incompressible flows or, alter­
natively, low-speed and friction-dominat­
ed flows, are not unique to the shuttle 
engine, nor is the application of INS3D 
limited to rockets. 

"These kinds of flows happen all over. 
At the time it was being used in the 
SSME redesign, I studied the program 
and found several other potential appli­
cations such as commercial aircraft dur­
ing landing and takeoff and a whole 
bunch of hydrodynamic problems, " 
Kwak said. 

ment laboratories , universities , and 
industry. Meanwhile, Kwak's team has 
collaborated with the Navy on submarine 
flow analysis as well as worked with air­
craft and automobile manufacturers to 
design aerodynamic shapes and solve 
internal flow problems. The code's great­
est strengths are its accuracy, efficiency, 
and versatility. "Aerospace companies 
are very keen on these aspects, and they 
have chosen this code for their low­
speed applications," he said. 

One unexpected appl ication of the 
code arose from the realization that the 
blood flow through an artificial heart also 
is viscous and incompressible. Explained 
Kwak: "We started with the Penn State 
artificial heart and then, a couple of years 
ago, began working on the NASA-Baylor 
College left ventricle assist device 
(LVAD), which is a rotating axial pump. 
We applied the code, which had been 
used for a fast -rotat ing rocket liquid 
pump, and had very good results. " 

Artificial heart assist devices experi­
ence major difficulties originating from 
fluid dynamics forces, including: clotting 
caused by separated and secondary flow 
regions; high turbulent shear stress dam­
aging the red blood cells; and large pres­
sure losses across the valves that pre­
vent the heart from pumping effiCiently. 
Having a detailed knowledge of the flow 
can help a design engineer improve the 
artificial heart assist device geometries. 

Over the years, INS3D has gone 
through a series of upgrades that have 
improved its speed and accuracy. While 
the SSME work was done exclusively on 
Cray supercomputers, on which the code 
first was developed, INS3D is available 
now in workstation versions for smaller­
scale analyses such as the LVAD. 

NASA's future plans for INS3D include 
integrating it with wind tunnel experi­
ments and extending it for parallel com­
puting, which will enable integration with 
other disciplines such as optimization 
and structural analysis. 
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TAE Plus: A User Interface 
Development Tool 

The available types of graphical user 
interfaces (GUI) are varied and expand­
ing. Each time a user needs to create a 
new application with GUls, however, it 
can be an arduous task, even for a pro­
grammer. To address this difficulty, 
NASA devised Transportable Applica­
tions Environment (f AE) Plus. 

The need for such a program became 
apparent in the mid-1980s when afford­
able graphics workstations and win ­
dows programs became more common. 
"We wanted to separate the details of 
the user interface from the application, 
so that modifications to the GUI could 
be made independently and without 
having to rewrite any application-specific 
code," said Marti Szczur, TAE project 
manager at Goddard Space Flight 
Center, which developed the program 
with Century Computing, Inc. 

T AE Plus was built on the concept of 
its earlier version, TAE Classic, which 
abstracted a core of system service rou­
tines and user dialogue sequences that 
could be used across a variety of appli­
cations. Written for ASCII alphanumeric 
terminals, TAE Classic was born when 
NASA's large-scale space operations 
demonstrated the need for rapid and 
efficient development of numerous com­
puter programs. The process was 
streamlined by providing the developer 
with a consistent and standard menu 
presentation, error and information mes­
sages, parameter prompting, and clear 
command language. In other words, 
T AE Classic buffered changes in com­
puter technologies and supported appli­
cation portability across different com­
puter systems. 

T AE Plus applies to GUls this idea of 
abstracting system service routines. It 
runs in two environments: design and 
run-time. In the design environment, the 
WorkBench (the WYSIWYG or "what 
you see is what you get") tool allows the 
developer to design the application's 
display layout and manipulate the inter­
action objects. These include user-entry 
objects (check boxes, pulldown menus, 
radio buttons) and data-driven objects 
(thermometers, dials, stripcharts, or a 
set of discrete pictures), which change 
in accord with real-time data. The devel­
oper specifies the interaction objects 
and windows that will comprise the user 
interface and the sequence of user inter­
face dialogue. 

In the run-time environment , the 
Window Programming Tools (WPTs) 

14 

THE FINALISTS 
handle the management of the 
WorkBench-designed GUI. WPTs pro­
vide a set of routines that form a buffer 
between the underlying windowing sys­
tem and the application code; they man­
age and display the user interface 
defined in the WorkBench. Thus, when 
changes are made to the window soft­
ware, only changes to the WPTs are 
required-not to the application code. 

Over 1000 sites in goverrnment and 
academia have received T AE Classic or 
Plus. A user community has developed, 
with its own newsletter, conferences, 
and support office at Goddard. 

VICAR/I~IS: Simplifies Image 
Processing 

NASA has had a need to process 
images almost from the agency's incep­
tion. Early planetary exploration pro­
grams such as Ranger and Mariner 
required a way to remove photographic 
artifacts and the effects of transmitting 
images over noisy communications 
channels. Beginning in 1962, engineers 
at the Jet Propulsion Laboratory (JPL) 
turned to digital processing of the 
images as a first step in restoration and 
enhancement . This work led to the 
development of the Video Information 
Communication and Retrieval (VICAR) 
system, software that unifies and orga­
nizes image processing software. VICAR 
simplifies the acquisition, processing, 
and management of digital image data, 
thereby promoting image proceSSing 
among diverse users. 

The development of the Image-Based 
Information System (IBIS), a subset soft­
ware system within VICAR, began with 
the need to integrate land use and land 
cover maps made by the Landsat satel­
lite with a census tract file to derive land­
use acreage per tract. This was only one 
instance of the general need to integrate 
land resource inventory data, generated 
by remote sensing imagery, with other 
kinds of geocoded statistics (such as 
graphic or tabular) . Even the Simplest 
case had required extensive image pro­
cessing and data manipulation capabili­
ties. Among the technical problems that 
IBIS solved was registering or indexing 
image data to spatially referenced tabu­
lar data so that a system could carry out 
processing that involved both types. 

Available from COSMIC since 1973, 
with numerous upgrades and revisions, 
VICAR has gone out to over 1 00 institu­
tions and companies across the globe 
for a wide array of applications. Besides 
planetary imaging, VICAR also supports 
image processing for astronomy, Earth 

VICAR's many contributions to planetary 
imaging include this infrared map of the 
turbulent, cloudy middle atmosphere 
roughly 30 miles above the surface of 
Venus. The colors designate variations in 
cloud thickness. 

Photo counesy of Jet Propulsion L.abonJtOty 

resources, land use, biomedicine, and 
forensics. The program has influenced 
the design of many image-processing 
user interfaces, for such systems as the 
US Geological Survey's Planetary Image 
Cartography System, Khoros from the 
University of New Mexico, and Photo­
shop by Adobe Systems. 

Applications of IBIS have extended 
beyond planetary mapping to Earth 
modelling, including determining the 
location and amount of minable coal in 
an Illinois seam; analysis and modelling 
of potential debris slides in a national 
forest; displaying the health impact of an 
air pollution plume across Portland , 
Oregon; and biomass mapping in the 
Califomia desert. IBIS set the trend for 
Geographic Information Systems, which 
had been based on vector graphics; as 
a raster-based image system , IBIS 
allowed greater functionality. 

Building on the VICAR system, NASA 
established JPL's Image Processing 
Laboratory, now known as the Multi­
mission Image Processing System 
(MIPS). The facility has served as a cen­
ter of planetary imaging experiments, 
such as the Mariner and Viking Mis­
sions, and has produced atlases of Mars 
and Mercury. With a new client-server 
network at MIPS, scientists will be able 
to access MIPS and its data from their 
home institutions. 

continued on page 101 
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Price is no hurdle. 
$2,995. 

Introducing the new 
HP DesignJet 220 

inkjet plotter. 

Now, for just $2,995 you can make the 
leap to a large-format monochrome 
plotter from Hewlett-Packard. The 
new HP DesignJet 220. It gives you 
D-sized plots in under three minutes. 

600-dpi-quality crispness. And, with 
the addition of optional legs, the 
HP DesignJet 220 converts from a 
desktop to a free-standing plotter. 

If you require larger plots, you may 
consider the E-size HP DesignJet 220. 
Only $3,995. 

For an output sample, or the name 
of your local HP demo dealer, call 

1-800-851-1170, Ext. 8878. 
r/i~ HEWLETT® 
.:~ PACKARD 
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Free access 
to federally 

funded 
technology 
is a phone 
call away_ 

The National Technology 
Transfer Center (NTTC) 
puts the world of 
government research 
right on your desktop. 

• Free Access 
to Federally 
Funded 
Technology 

• Electronic 
Bulletin Board 
announcing 
technology 
transfer 
opportunities 

• Training on 
Technology 
Transfer Issues 

• Strategic 
Partnering 
Conferences 

Why not call 

800-678-6882 
today and discover the 
research opportunities 
right at your fingertips. 

National Technology Transfer Center 
Wheeling Jesuit College 
316 Washington Avenue 

Wheeling, WV 26003 Fax: 304·243·2539 

For More Information Write In No. 402 
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~TENTS 
Over the past three decades, NASA has 
granted more than 1000 patent licenses in 
virtually every area oftechnology. The agency 
has a portfolio of 3000 patents and pending 
applications available now for license by 
businesses and individuals, including these 
recently patented inventions: 

Wide Field Strip-Imaging Optical 
System 
(US Patent No. 5,349,180) 
Inventor: Arthur H. Vaughan, Jet 

Propulsion Laboratory 
Applications such as terrain mapping, 
oceanographic studies, planetary explora· 
tion, and cloud surveillance require strip 
images having a 180-degree field of view. 
Unlike the commonly used fish eye lens, Mr. 
Vaughan's optical system can simulta­
neously image a 180-degree field of view 
with limited optical distortion, chromatic ab­
erration, or thermal distortion. Inexpensive 
to construct and easy to maintain, it features 
a fiberoptic means for coupling to a detector 
array, spectrometer, or other instrument. 
For More Information Write In No. 742 

Portable Seat Lift 
(US Patent No. 5,333,931) 
Inventor: Bruce Weddendorf, Marshall 

Space Flight Center 
Mr. Weddendorf has designed a portable 
seat lift to help physically impaired people 
either lower themselves into a Sitting posi­
tion or raise to a standing one. The device 
comprises a seat mounted with two levers to 
a base. The levers are powered by a drive 
unit that can completely lift the weight of a 
user. Both the front and back of the seat are 
raised in a manner that corresponds to how 
the backs of the thighs would normally ap­
proach or leave a chair. 
For More Information Write In No. 740 

Structures From Low Dielectric 
Polyimides 
(US Patent No. 5,338,826) 
Inventors: Anne K. St. Clair, Terry L. St. 

Clair, and William P. Winfree, 
Langley Research Center 

Langley researchers have developed a 
means to produce structures that are effec­
tive as electrical insulators or as transmitter-

receivers of electromagnetic energy. They 
are made by covering a suitable substrate 
with an adhering layer of a low dielectric, 
high temperature, linear aromatic polyimide. 
For More Information Write In No. 741 

Robot Friendly Probe and Socket 
Assembly 
(US Patent No. 5,326, 186) 
Inventor: Karen L. Nyberg, Johnson 

Space Center 
When performing work in an unfriendly envi­
ronment, such as in space or undersea, it is 
best to minimize or eliminate human involve­
ment. To that end, simplicity in design for 
structural joints and mechanical interfaces 
can enable robotic devices to be used for 
erection, repair, or maintenance of struc­
tures and equipment. A novel probe and 
socket assembly developed at Johnson for 
use as a mechanical interface between struc­
tures is adapted easily to robotic interven­
tion. The assembly comprises a socket hav­
ing a housing adapted for connection to a 
first supporting structure and a probe, which 
is in turn readily connectable to a second 
structure and designed to be grappled and 
manipulated easily by a robotic device. 
For More Information Write In No. 743 

Smart Accelerometer 
(US Patent No. 5,309, 149) 
Inventor: Richard J. Bozeman, Jr., 

Johnson Space Center 
For years, vibration analysis has been used 
for early detection of malfunctions in mao 
chinery. It has been difficult, however, to 
prevent false signals from accelerometer 
transducers and related circuitry operating 
in a vibrating, electrically harsh environment. 
An improved accelerometer package con· 
tains both a transducer and the necessary 
frequency decoder circuitry used tei provide 
a fault signal. This integrated "smart" pack· 
age reliably monitors machines vibrations, 
regardless of unknown ground loops and 
electrical noise, and may be incorporated 
with an accelerometer case during the origi· 
nal manufacturing process or retrofitted into 
commercially available accelerometers. 
For More Information Write In No. 744 

High Temperature Creep and Oxidation 
Resistant Chromium Silicide Matrix 
Alloy Containing Molybdenum 
(US Patent No. 5,330,590) 
Inventor: Sai V. Raj , Lewis Research 

Center 
Mr. Raj has employed molybdenum in a new 
chromium silicide alloy to improve high-tem· 
perature creep strength and oxidation resis­
tance. The resulting two-phase microstruc­
ture of (Cr,Mo)3Si and (Cr,Mo)5Si3 forms two 
protective oxides over a wide range of tem­
peratures. Chromium and molybdenum ox­
ide volatize at temperature above 1200 DC, 
facilitating formation of Si02 on the surface. 
Below 1200 DC, Crp3 is formed. 
For More Information Write In No. 745 
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New Product Ideas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 
in the appropriate section in 

this issue. If you are 
interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 

writing the Technology 
Utilization Office of the 
sponsoring NASA center 
(see page 20). NASA's patent­
licensing program to 
encourage commercial 
development is described 

Porous SixGe1-x Layers 
Within Single Crystals of Si 

Electroluminescence from these layers 
might be utilized in novel optoelectronic 
devices. The development can lead to 
fabrication of new electroluminescent 
diodes, superlattices, and monolithic 
integration of lasers with Si circuits. 
(See page 36.) 

High-Performance 
Thermoelectric 
Semiconductors 

Three compounds form solid solutions 
with exceptional thermoelectric and trans­
port properties, opening up new possibili­
ties in the development of more efficient 
thermoelectric power generators, coolers, 
and detectors. 
(See page 52.) 

the TSP referenced at the end 
of the full-length article or by on page 20. 

Phenylethynyl-Terminated 
Polyimides 

These po/yimides can be synthesized at 
various molecular weights, which can be 
selected to obtain desirable properties in 
films, moldings, adhesives, and composite­
material matrices. 
(See page 52.) 

Aromatic Polyimides 
With Low Dielectric 
Constants 

In addition to their advantage as dielec­
tric films in electronic circuits, these poly­
imides are nearty transparent and color­
less, which makes them useful as protec­
tive coatings of solar photovoltaic cells, 
optical components, and antennas. 
(See page 55.) 

Stable, Electroinactive 
Wetting Agent for Fuel Cells 

Straight -chain perftuorooctanesulfonic 
acid has been identified as an innocuous 
and stable wetting agent for use with 
polytetrafluorethylene-containing elec­
trodes in liquid-feed direct-oxidation fuel 
cells like those suggested for vehicles and 
portable power supplies. 
(See page 56.) 

Geared Electromechanical 
Rotary Joint 

This joint is designed to overcome 
some of the disadvantages of older ele­
cromechanical interfaces -- especially the 
intermittency, and consequently electrical 
noise, of conventional sliding-contact and 
rolling-contact electromechanical joints. 
(See page 71 .) 

RUSSIA'S TOP TECHNOLOGIES UNVEILED FOR THE FIRST TIME 

T
he Cold War is history and Russia's open 
for business, offering a treasure-trove of 
previously classified inventions to U.S. 

companies. You can find the best, most commer­
Cially-promising RUSSian technologies-ahead of 
the crowd-with RUSSian Tech Briefs, the official 
technology transfer publication of the Russian 
Space Agency. 

This new bimonthly newsletter from the pub­
lishers of NASA Tech Briefs features new product 
ideas, licensable inventions, and novel engineering 

solutions in materials science, biotechnology, 
electronics, computing, environmental technolo­
gy, manufacturing, and more. Using the Reader 
Service Form in each issue, you can order detailed 
technical and licensing information on particular 
articles. 

Russian Tech Briefs is your guide to the vast 
R&D resources in the former Soviet Union. Up­
coming issues will profile Russia's leading tech­
nology developers, spotlight commercial spinoffs 
of Russian inventions, and provide inside advice 

on partnering with Russian organizations. The 
introductory subscription price is only $195 ($250 
with on-line access) for a full year. One idea in a 
single issue could repay this modest investment 
many times over. 

SPECIAL ONE·TIME OFFER: Try one sample 
issue of Russian Tech Briefs for just $29.95-
with no further obligation unless you are complete­
ly satisfied. 

M1'm START MY RUSSIAN TECH BRIEFS 

~SUBSCRIPTION TOOAY FOR: 
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o $195.00 -one year (six issues) 

o $250.00 -one year (six issues) plus one year on-line access 
through CompuServe (membership required) 

o $29.95 -one trial issue. I understand I then will be billed for the 
balance of one-year subscription cost but have no obligation. 
(If you do not wish to continue the subscription, simply write "cancel" on 
the invoice and return.) 

o charge my credit card: 0 VISA 0 MasterCard 0 AmEx 
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Signature 
Name _____________________________________ _ 
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Precision and Accuracy Driven by Intergraph 

E N G I N EERIN G F OR 

PERFORMANCE 

"Intergraph's Engineering Modeling System enables 
us to qUickly model and evaluate many design alterna­
tives," says Nicklaus Golf's CEO, Robert Kelly. "We can 

Computer-generated 
model of Nicklaus Golfs 
new "Bear" metatwood. 

develop an innovative design and deliver a working prototype 
quickly and cost-effectively. The precision and accuracy allows 
us to improve product quality and performance while accelerating 
the development cycle." 

PREC I SION AND ACC U R A CY 

Intergraph CAD/CAM/CAE software unites design, engineering, and 
manufacturing in an integrated system that helps manufacturers 
get to market faster, with higher quality products. To find out how 
Intergraph can help streamline your product development processes, 
contact your Intergraph representative. 

I NTERGRAPH - A SMARTE R WAY TO MANU FACTU R E 

Call Intergraph today for more information: 800-345-4856 or 1-205-730-5499. 
lntergrnph and the lntergrnph logo are registered trademarks and Solutions for the Technical Desktop is a 

trademark of lntergrnph Corporation. Copyright 1994 lntergrnph Corporation. DDAD21'lAO 

eqlip.indIIsby. .... 

GoH Equipment has created a 

new manufacturing strategy 

that joins high-performance 

CAD/CAM/CAE with the 

experience and expertise of 

the game's greatest player. 

Solutions for the Technical Desktop 

For More Information Write In No. 524 
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HOW YOU CAN BENEFIT 
FROM NASA's 

TECHNOLOGY 
TRANSFER 
SERVICES 

I f you're a regular reader of TECH BRIEFS, then you're already maJang use 01 one 01 \he 

low- and nCH:OSt services provided by NASA's Technology Transfer Program. But a 
TECH BRIEFS subscription represents only a fraction of \he technical information and app1i­
cations/engineering seMCeS offered by this Program. In fact, when all 01 \he components 01 
NASA's Technology Transfer Network are conSidered, TECH BRIEFS represents the 
proverbial tip 01 \he iceberg. 

We've outlined below NASA's Technology Transfer Network-narned \he participants, 
described their services, and listed the Individuals you can contact for more information 
relabng to your specific needs. We encourage you to make use of the information, access, 
and applicabons services offered. 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 

applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference 
number at the end of the Tech Brief. 

Lewis Research Goddard Space Flight Ames Research Ctr_ George C, Marshall John F. Kennedy Edward K. Fein 
Center Center Offoce of Commercial Space Flight Center Space Center Mail Code HA 
Technology Utilization Technology Utilization Technology Director: Technology Transfer Technology Utilization Houston, TX 77058 
Offocer: Anthony F. Officer: Dr. George Alcorn Dr. Syed Z. Shariq Offocer: Harry G. Craft Jr. Officer: James A. (713) 483-4871 
Ratajczak Mail Code 702 Mail Code 200-11 Code LA20 Aliberti 

Jet Propulsion Lab. 
Mail Stop 7-3 Greenbe~, MD 20771 Mollett Field, CA 94035 Marshall Space Flight Mail Stop DE-TOO 
21000 Brookpark Road (301) 286-5810 (415) 604-6406 Center, Kennedy Space NASA Management Office 

Cleveland, OH 44135 Patent Counsel: Patent Counsel: AL 35812 Center, FL 32899 Technology Utilization 

(216) 433-5568 R. Dennis Marchant Darrell G. Brekke (205) 544-0963 (407) 867-3Ot7 Officer: Arif Husain 

Patent Counsel: Mail Code 204 Mail Code 200-11 (800) 437-5186 Patent Counsel: Mail Stop 180-8OOC 

Gene E. Shook Greenbelt, MD 20771 Mollett Field, CA 94035 Patent Counsel: Bill Sheehan 4800 Oak Grove Drive 

Mail Code LE-LAW (301) 286-7351 (415) 604-5104 Robert L. Broad, Jr. Mail Code DE-TOO Pasadena, CA 911 09 

21000 Brookpark Road Mail Code CCOI Kennedy Space (818) 354-4862 

Cleveland, OH 44135 
Langley Research Ctr. NASA Headquarters Marshall Space Flight Center, FL 32899 Patent Counsel: 

(216) 433-5753 
Technology Application Technology Utilization Center, (407) 867-2544 Thomas H. Jones 
Group Ollicer: Leonard A. Auh AL 35812 Mail Code 180-802B 

John C. Stennis 
Dr. Joseph S. Heyman, Code CU (205) 544-0021 Lyndon B. Johnson 4800 Oak Grove Drive 

Space Center Acting Director Washington, DC 20546 Space Center Pasadena, CA 91109 

Technology Transfer Mail Stop 118 (202) 358-0721 Dryden Flight Technology Transfer (818) 354-5179 

Officer: Richard A. Galle 
Hampton, VA 23681 -0001 Associate General Research Facility and Commercialization 

Technology Utilization 
(604) 864-6005 Counsel for Intellectual Project Manager, Office, Director 

Code MAOO 
Patent Counsel: Property: Jack Mannix Technology Transfer Henry Davis Mgr. for JPL: 

Stennis Space Center, 
Dr. George F. Helfrich CodeGP Office: Yvonne Kellogg Mail Code HA Wayne Schober 

MS 39529 
Mail Stop 212 Washington, DC 20546 Mail Stop D-2131 Building 1 Mail Stop 122-11 6 

(601 ) 688-1929 
Hampton, VA 23681-0001 (202) 358-2424 P.O. Box 273 Houston, TX 77058 4800 Oak Grove Drive 

(804) 864-3521 Edwards, CA 93523-0273 (71 3) 483-3809 Pasadena, CA 91109 

(805) 258-3720 Patent Counsel: (818) 354-2240 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs)-A nationwide 
network offering a broad range of technology transfer and commercialization services, 

y ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or locating technology or markets that match your 
interests. The RTTCs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology. 

User fees are charged for most services. For more information, call 1-800-472-6785 and you will be connected to the RTTC in your geographical region 
(or you may call or write directly to the RTTC in your region) . 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 
RTTC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-0042 

MID-ATLANTIC 
Ms. Lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll-free US) 

SOUTHEAST 
Mr. J. Ronald Thomton 
Southern Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 482-3913 
(800) 225-0308 (outside FL) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Extension Service 
Texas A&M University System 
301 Tarrow Street 
College Station, Texas 77843-8000 
409-845-8762 

MID-WEST 
Mr. Christopher M. Coburn 
Great Lakes Industrial Technology Center 
25000 Great Northem Corporate Center 
Suite 260 
Cleveland, OH 44070-5331 
(216) 734-0094 

FAR-WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern Califomia 
3716 South Hope Street, 
Suije 200 
Los Angeles, CA 90007-4344 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Earth Data Analysis Center, University of New MexiCO, 2500 Yale Blvd. 5.E., Suite 100, Albuquerque, 
NM 87131-6031; Dr. Stan Morain, Director (505) 277-3622. 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solv­
ing assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980 

A Shortcut To Software: COS MIC4D-For software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Manage-ment and Information 
Center. New and updated programs are announced in the Computer Programs section. 
COSMIC publishes an annual software catalog. For more information call or write: 
COSMldI', 382 East Broad Street, Athens, GA 30602 John A. Gibson, Director, (706) 

542-3265; FAX (706) 542-4607. 

If You Have a Question .. NASA Center For AeroSpace Inform at ion 
can answer questions about NASA's Technology Transfer Network and its services 
and documents. The CASI stall supplies documents and provides referrals. Call , write 
or use the feedback card in this issue to contact: NASA Center For AeroSpace 
Information, Technology Transfer Ollice, 800 Elkridge Landing Rd, Unthicum Heights, 
MD 21090-2934. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245. 
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OURS. SHARP 

Accurate Frame Grabbers 
Give you a Distinct Edge. 

If your images are not digitized precisely, it is impossible to get good measurements from them. 

These images clearly show that Fidelity'" Series fram e grabbers digitize more accurately than other boards. 

That's because they use the most sophisticated circuitry to extract more accurate data from any video 

source . Call us today and get a considerable edge in your imaging applications . 

1-800-525-8528 

DAD TRANSLATlON® 

World Headquarters: (508)481-3700. UK He.~ .. rterr. (0734)793838. Germ." Headquart.rs: (07142)95 3H1. "'~ H .. dqUlrtll1: (030)2425696. ,'n 0ftIces: ~na (1)322·3191; AIJs1raJIa 2699-8300; All<1rlo (222) 367660; BetoIum (02)466.81.99; Bmil 011·56H02~ ; canada (800)525-8528. (800)268-0427; China (1)-83311~: Denmatk42 27 ~ II ; Anland (0)3511800; kanc8(1)69.07.78.02; G"", (1)361-4300: Hooo KMo 515-0018: 
Idla 22·283104~ Ismel 09-545685: Japan (03)5379-1971.103)5489-3671. or (03)5689-8000: Korea (2)718-9521; Malaysia (3)248-6786; Mexico 575-6091; Netherlands (70)_: New lBaIond (9) 415-a362; Norway (22)43 4150: Portugal (1)7934834; Si~ m 4300; 
oulll Africa (12) 803·7680193; Spain (1) 555-8112; Sw.dan 08-785 02 80; Swltz.rland (1) 908-1360; Taiwan (2) 3039838; Thaliand (02) 281·9596; Turkey (212)288-6213 6122194 

For More Information Write In No. 508 



Nlany developers have 

never been introduced to the 

MATRIXx• product family from 

Integrated Systems. And still, it's 

revolutionizing the way control 

systems engineers develop soft-

ware • ..ciiiiiS~ MATRIXx is the only 

integrated family of development 

tools for real-time control systems. 

It guides you through the dynamic 

process of design, analysis, simula­

tion and code generation, allowing 

you to evaluate and modify system 

models as you develop. So you can 

be confident that you'll get the 

very best performance from 

your system. Each MATRIXx 

product is the best in its class. And 



o 1904lfMsrcrted S,. ... n,..Inc:. AutvCoct...oMl MATRIX" ON ..... ,...,..,trod~rk. ond At· lOO, ~"', S .... tctm.~~, botslm OM 
Xmath 0" trod.marlu of 1"'-I1"IINct SymnuI1 Inc:. Ar othH tredMnartu. ond Ngf~ ,~rtu a,.. propet'fy of ttMd, n.pIIdiv. hoId.r ... 

together they make up the only 

dependable solution for simple or 

complex control system design. Plus, 

they run on both PCs and work-

stations. And remember, 

unlike prodUdS mathematicians 

design for classrooms, MATRlXx is 

solving complex design problems 

throughout the industry, day in and 

day out. 50 whether you need tools 

for modeling and simulation, or a 

proven solution to take you from 

concept to code, MATRIXx is the 

answer. For real-world appli-

cations, nothing even comes close 

to MATRIXx ' Maybe it's time you 

met the family. Call 1-800-770-3338 

for more information. 



Special Focus: 
Test & Measurement 

. Automated System Tests High-Power MOSFET's 
This system measures seven MOSFET parameters. 
Lewis Research Center, Cleveland, Ohio 

The figure shows the major functional 
blocks of a computer-controlled system 
that tests metal-oxide/semiconductor 
field-effect transistors (MOSFET's) at 
high voltages and currents. The system 
measures seven parameters that char­
acterize the performance of a MOSFET, 
with a view toward obtaining an early 
indication that the MOSFET is defective: 
this is important because a short circuit 
can develop in a defective power MOS­
FET, with consequent destruction of 
other devices and equipment connect­
ed to the circuit in which the power 
MOSFET is installed. Thus, the use of 
the test system prior to installation of a 
power MOSFET in a high-power circuit 
can save time and money. 

1----------,;:==,----------, This Auto­

The seven parameters and the test 
performed by the system to determine 
these parameters are as follows: 
1. Gate-source leakage current (lgss). 

This parameter is a measure of the 
effectiveness of the oxide layer in the 
gate of the MOSFET. Positive and 
negative voltages are forced on the 
gate while the drain and source are 
held at ground potential and the leak­
age current is measured. A high leak­
age current implies that the gate is 
damaged. 

2. Gate threshold voltage (Vgsth). This 
parameter indicates the lowest gate 
voltage needed to tum on the MOS­
FET. It is defined as the gate voltage 
at which a specified small current (2 
mAl begins to flow in the MOSFET 
drain with VGS =VDS. 

3 . Drain/source breakdown voltage 
(8Vdss). This is the maximum voltage 
that can be applied to the MOSFET 
from the drain to the source with VGS 
= O. This parameter is determined by 
forcing a current of 6 mA into the 
drain and measuring the voltage. 

4. Drain current at zero gate voltage 
(Idss). This is the drain current with the 
MOSFET gate tied to ground and the 
drain-to-source voltage set at 450 V. 

5. Total gate charge (Ogtot). This is the 
total charge that must be supplied to 
the MOSFET gate by the drive circuit­
ry to change the gate voltage from 0 
V to 10 V. The Ogtot defines the peak 
current required from the driver and 
the average current needed for 
switching the MOSFET. This parame­
ter is measured by pulSing the MOS­
FET gate and applying 250 V from 

mated System 
measures seven 
parameters of the 
MOSFET under 
test to obtain an 
early indication 
that the MOSFET 
is defective. 

the drain to the source using the pre­
cise constant current source. 

6. Gate charge, gate to drain (Ogd) . 
This parameter represents that por­
tion of Ogtot that charges the gate­
to-drain capacitance. This can also 
be regarded as the amount of charge 
that must be transferred to the gate 
in order to get the drain-to-source 
voltage to go through its transition. 

7. Diode reverse recovery time (Trr) . 
This is the time it takes the inherent 
drain-to-source diode to return to a 
reverse-bias state. 
This work was done by Steven W. 

Huston and Isabel O. Wendt of 
Rockwell International Corp. for Lewis 
Research Center. No further docu­
mentation is available. 
LEW-15255 

Bag Test Measures Leakage From Insulated Pipe 
An impermeable bag and calibration leaks are used. 
Marshall Space Flight Center, Alabama 

A test quantifies the leakage of gas 
from a pipe even though the pipe is 
covered with insulation. The test 
involves the use of a helium analyzer to 
measure the concentration of helium in 
an impermeable bag around the pipe. 

The test is administered after a stan-

24 

dard soap-solution bubble test has indi­
cated the presence and general class of 
leakage. (Soap solution is brushed on 
the insulated pipe. If bubbles form, a 
leak is present; the size of the bubbles 
indicates whether the leak is of class I, 
II , or III, in order of ascending magni-

tude.) The helium-impermeable bag is 
taped around the affected part of the 
pipe (see figure). 

The bag is then calibrated as follows: 
It is purged with gaseous nitrogen, then 
helium is fed into it at one end via a flow 
meter at a known volumetric rate of 
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This much user- friendly performance 
for under $1000 

Compatible 
computer interface 
• IEEE-488.2 
• RS-232 
• Emulation modes 

(Fluke 8840/42, 
Keithley 196/199) 

• Software support 

High throughput 
• 50 rdgsl s at full 

6Y,-digit resolution 
· 2000 rdgs/s 

at 4Y,-digit 
resolution 

Auto-settle 
• Signals are settled 

before readings are 
displayed 

Simple user interface 
• No confusing menus 

is worth looking into. 

Introducing the Model 2000 6 Y2-digit DMM. 
The advanced, proven technology inside the new Model 2000 

delivers what we promise. Based on the platfonn of our 
71/2- and 81/Hiigit Models 2001 and 2002, it sets new standards 

for 61/2-digit DMM capability, reliability, and simplicity. 
To make it even easier to use on your bench or in your 

rack, it's the only DMM in its class to come 
complete with an extensive software library. 

For more infonnation or a demonstration of the Model 2000, 
call 1-800-552-1115. For specifications by FAX, call Spec Direce" 

anytime at 1-800-936-3300 and request document #1698. 

KEITHLEY 
For More Information Write In No. 509 

High reliability design 
with quality construction 
• SinglE.'-layer board 
• SMT (surface mount 

technology) 
• Minimal connectors 

AID converter 
· 0.002% DCY accuracy 
• 0.04% ACY accuracy 
• High linearity 
• Low noise 

Unique "Servo" front~nd 
• Eliminates zero drift 
• Overload protection 

Option card slot with 
built-in scanner mainframe 
• 10-channel switching 

capability 

Built-in temperature and 
frequency measurements 



flow. At the opposite end of the bag, a 
helium analyzer measures the concen­
tration of helium as a function of time. 
This procedure is repeated at various 
rates of flow, and the results for each 
rate of flow are plotted as concentration 
versus time. These plots serve as 
calibration curves for the measurement 
of leakage at the various rates of flow. 

The leak test proper can then be 
performed. The bag is purged with nitro­
gen, and the pipe is pressurized with 
helium at a gauge pressure of 25 Iblin.2 
(0.17 MPa). The concentration of helium 
created by leakage from the pipe 
is measured as a function of t ime. 
The rate of increase of concentration is 
compared with the previously estab­
lished calibration curves to determine 
the rate of leakage. 

This work was done by Kent D. 
Schock and Barry P. Easter of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, 
write in 130 on the TSP Request Card. 
MFS-29902 

The Bag Is Taped over the leaky part of a pipe. Here the test is performed on 
hydrogen-coolant tubes on the Space Shuttle main engine. 

o Instrumented Bolts Would Measure Shear Forces in Joints 
Strain gauges would be mounted in small recesses on the bolts. 
Langley Research Center, Hampton, Virginia 

Bolts instrumented with strain gauges 
would be used to measure shear 
forces, according to a proposal. More 
specifically, the instrumented bolts 
would be installed in multiple-bolt lap 
joints to obtain data on the distribution 
of stresses and deformations in and 
around the joints. The strain gauges 
would indicate the share of the applied 
load bome by each individual bolt, thus 
contributing to an understanding 
of the combined effects of applied 
loads, friction, and yielding of the 
bolted materials. 

In the original intended application , 
the bolted panels would be made 
of advanced refractory composite 
materials designed to withstand use at 
temperatures up to 4,000 OF ( about 
2,200 0G). Because these materials are 
generally brittle, joint-design techniques 
for metals and other materials that yield 
substant ially under stress cannot 
be used. The development of reliable 
joint-design techniques will depend on 
data on stresses deep with in bolted 
joints - data that heretofore could be 
acquired only with great difficulty, but 
could now be acquired more easily by 
use of the proposed instrumented bolts. 
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INSTRUMENTED BOLT 

'-v---' 
Lood 

INSTRUMENTED BOt T IN LAP JOINT 

Figure 1. The Single-Gauge Instru­
mented Bolt would be sensitive to 
bending strain. In a lap joint, the notch and 
gauge would be made to face away from 
the point of application of the load. 

The concept of instrumented bolts is 
also applicable to other joint materials 
and to measurement of shear loads in 
other connections - for example, shear 
loads on shafts in pulleys or gears. 

To ensure a realistic distribution of 
stresses, an instrumented bolt would be 
made from a bolt of the same size and 
material as would be used in a practical 
version of the joint. The strain gauges 
could be installed in the bolt in any of 
a number of alternative configurations. 
Two useful configurations would be 
(1) a single strain gauge that would be 
sensitive to bending strain and (2) two 
pairs of strain gauges oriented so that in 
combination they would be sensitive to 
shear strain. 

In the single-strain-gauge version, the 
gauge would be potted in a flat notch 
machined in the shank of the bolt (see 
Figure 1). Electrical leads would be 
routed from the gauge through an axial 
hole in the shaft and out through the 
head of the bolt. The diameter of the 
axial hole and the depth and width of 
the notch should be kept as small as 
possible to minimize the effect on shear 
and bending strength. The length of the 
notch should not exceed the thickness 
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Feels like a scope. 

Sets up like a scope. 

Displays like a scope. 

Could this really be a 
logic analyzer? 

~~~~~~~~~~~~~~~~~~~~ logic analysis in a hn~'"f.~.L~'-oo_ ~e our ,:~tude 
drives like a scope may seem abou troubleshooting. 
impossible. Until you see the Its range of triggering allows 
lIP 54620A logic analyzer. you to match the complexity 

Will this setup procedure of your problem. The high-
convince you? speed display system shows you 

unstable signals. And because 
Connect the inputs, hit of its remarkably rapid display 
autoscale, look at the display. update rate and instantaneous 
You'll get the benefits oflogic feedback, you can operate this 
analysis - including advanced with a simple twist of a knob. 

triggering - without the The lIP 54620A - a logic 
learning CUIVe. ana1yzer that really is as easy 

to use as your scope. A pretty 
convincing case. 

you how I was 
convinced. 
1-800-452-4844: 
Ext. 8896." 

There is a better way. 

[hP.] ~!~';;J~® 
For More Information Write In No. 510 



Figure 2. 
The Four­
Gauge 
Instrumente 
d Bolt would 
be sensitive 
to shear 
strain. In a 
lap joint, the 
centers of 
the strain­
gauge 
rosettes 
would be 
located in 
the planes of 
the faying 
surfaces. 

INSTIIUMENTED BOLT 

Load Load 

T T 

U 
Load 

1 
Load 

INSTRUMENTED BOLT IN LAP JOINT 

of the panel to be bolted. 
The instrumented bolt could be 

placed, for example, in a double-lap joint 
with the bolt turned to poSition the notch 
on the side 1800 away from the point of 
application of the load to the jOint. The 
strain gauge would sense the bending 
strain produced by the load. The gauge 
would be calibrated by correlation of its 
readings with known applied loads. 
Calibration would have to be performed 
with materials of the same thickness and 
with the bolt and nut tightened to the 
same torque as in the practical jOint 
represented by the test joint. The lap 
ped panels should be polished and 
lubricated to minimize calibration error 
from friction. 

In the other version of the instrument­
ed bolt, the two pairs of strain gauges 
would be installed in two flat notches on 
opposite sides of the bolt (see Figure 2). 
Circumferential grooves only a few 

thousandths of an inch deep (0.001 in. = 
0.0254 mm) and slightly wider than a 
strain gauge would reduce the variation 
in the shear load over the width of each 
gauge. The instrumented bolt could be 
placed in a double-lap joint with the 
planes of the strain gauges parallel to 
the loading plane of the joint. The strain 
gauges in each notch would be 
arranged in a rosette at ±45° to the axis 
of the bolt. The centers of the rosettes 
must be in the planes of the faying sur­
faces of the joint. The gauges would 
sense the shear strain in the loaded 
joint, which again could be related to the 
applied load by calibration. 

This work was done by James Wayne 
Sawyer of Langley Research Center 
and Robert R. McWithey of Analytical 
Services and Materials, Inc. For further 
information, write in 215 on the TSP 
Request Card. 
LAR-14622 

~ Gripping System for Mechanical Testing of Composites 
Specimens can be held without slippage, even at high temperatures. 

Lewis Research Center, Cleveland, Ohio 
An improved gripping system has 

been designed to securely hold the 
ends of a specimen of a composite 
material during a creep or tensile test. 
The grips function over a wide range 
of applied stress [3 to 100 kpsi (about 
21 to about 690 MPa)) and temperature 
[up to 1,800 of (about 980 0C)] . 

Each grip includes a pair of wedges 
that have sharply corrugated (sawtooth­
profile) gripping surfaces. The wedges 
are held between two plates that con­
tain cavities which are sloped to 
accommodate the wedges (see figure). 
Two such grips - one for each end of 
the specimen - hold a specimen in a 
fumace which is connected to a tensile 
test machine for creep measurements. 

In preparation for a test, the speci­
men is assembled with the grips in a 
fixture that maintains all parts in precise 
alignment: this step is necessary to 
ensure that the load applied during the 
test will coincide with the axis of the 
specimen. Unlike some older wedge 
grips, the specimen can be gripped in a 
delicate manner during assembly and 
alignment. While the assembled parts 
are still in the alignment fixture, hexago­
nal nuts and bolts on the grip can be 
tightened evenly with a torque wrench 
to 120 lb.-in. ('" 13.6 N-m). 

During a test, the grips apply the 
required tensile stress to the specimen 
without slippage at high temperatures 
and, therefore, without loss of align-
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Hole for Attachment to Tensile-Testing Machine 

Specimen 

TOP VIEW 

SIDE VIEW 

A Pair of Sawtooth Wedge. clamped between a pair of plates holds one end of a 
specimen. A mirror image of this grip is attached at the other end of the specimen. An 
alignment fixture (not shown) holds the grips and specimen during assembly. 

ment . In contrast, some older plate 
grips tended to slip at high tempera­
tures when applied tensile stresses rose 
above 20 kpsi ('" 140 Mpa), while older 
hydraulically actuated grips had to 
be kept outside the testing furnaces 
which introduced temperature gradients 
in the specimens. 

This work was done by Rebecca A. 
MacKay and Michael V. Nathal of 
Lewis Research Center. For further 
information, write in 217 on the TSP 
Request Card. 
LEW-15345 
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Program Helps Design Tests of Developmental Software 
Technically effective and economically feasible test cases are formulated 

A computer program called • A Formal 
Test Representation Language and Tool 
for Functional Test Designs· (TRL) 
provides an automatic software tool and 
a formal language that is used to imple­
ment the category-partition method and 
produce the specification of test cases in 
the testing phase of the development of 
software. The category-partition method 
is particularly useful in defining the input, 
outputs, and purpose of the test-design 
phase of development and combines the 
benefits of choosing normal cases 
that have error-exposing properties. 
Traceability can be maintained quite 
easily by creating a test deSign for each 
objective in the test plan. The effort to 
transform the test cases into procedures 
is simplified by use of an automatic 
software tool to create the cases based 
on the test design. The method both 
enables the rapid elimination of undesired 
test cases from consideration and 
facilitates review of test designs by 
peer groups. 

The first step in the category-partition 
method is functional decomposition, in 
which the specification and/or require­
ments are decomposed into functional 
units that can be tested independently. A 
secondary purpose of this step is to iden­
tify those parameters of each functional 
unit that affect the behavior of the 
system. In the second step, called "cate­
gory analysis," the work done in the 
previous step is canied further by deter­
mining the properties of sub-properties of 
the parameters that would make the 
system behave in different ways. The 
designer should analyze the requirements 
to determine the features or categories of 
each parameter and how the system may 
behave if the category were to vary 
its value. If the parameter undergoing 
refinement is a datum, then categories of 
this datum can be any of its attributes; 
for example, type, size, value, units, fre­
quency of change, or source. 

After all the categories for the parame­
ters of the functional unit have been 
determined, the next step is to partition 
the range space of each category into 
mutually exclusive values that the catego­
ry can assume. In chOOSing partition 
values, all possible kinds of values should 
be included - especially the ones that will 
maximize the detection of errors. The final 
step is called "partition constraint analy­
sis"; Its purpose is to refine the test 
design specification so that only the tech­
nically effective and economically feasible 
test cases are implied. 

TRL is written in C language to be 
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machine-independent. It has been suc­
cessfully implemented on an IBM PC­
compatible computer running MS-DOS, a 
Sun4-series computer running SunOS, 
an HP 9000!700-series work station run­
ning HP-UX, a DECstation computer run­
ning DEC RISC ULTRIX, and a DEC VAX­
series computer running VMS. TRL 
requires 1 Mb of disk memory and a mini­
mum of 84K of random-access memory. 
The documentation is available in 
electronic form in WorkPerfect format. 

The standard medium for distribution of 
TRL is a 5.25-in. (13.335-cm), 360K, MS­
DOS-format diskette. Alternate distribu­
tion media and formats are available 
upon request. TRL was developed in 
1993 and is a copyrighted work with all 
copyright vested in NASA. 

This program was written by Jonathan 
Hops of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 212 on the TSP 
Request Card. NPO-19279 

ELECTRONIC FILTER MODULES 

DIP Fixed Frequency 
Up to 16 Bit Resolution 

• Anti-Alias 
• Noise Elimination 

• Signal Reconstruction 
• Compact size reduces board 

space requirements. 
• Plug-in ready-to-use, reducing 

engineering design and manufac­
tu ring cycle time. 

• Factory tuned from 10Hz to 100 
kHz, no external clocks or adjust­
ments needed. 

• Low harmonic distortion and wide 
signal-to-noise ratio to 16 bit reso­
lution for precision performance. 

• Broad range of transfer character­
istics to meet a wide range of ap­
pl ications. 
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Electronic Components 
and Circuits 

The Anderson Current Loop 
The four-wire-probe concept is applied to electrical-resistance transducers. 

Dryden Flight Research Center, Edwards, California 

The Anderson current loop is an exci­
tation-and-signal-conditioning circuit 
suitable for use with strain gauges, 
resistance thermometers, and other 
electrical-resistance transducers that 
are mounted in harsh environments. It 
can be used as an alternative to the 
Wheatstone bridge. It simplifies the sig­
nal-conditioning problem in that it 
enables precise measurement of small 
changes in the resistance of a transduc­
er, even in the presence of large ran­
dom variations in wire resistances, and 

Current Regulator 

resistances. The great advantage of the 
Anderson current loop is that its config­
uration makes the effects of lead-wire 
and contact resistances insignificantly 
small, so that these unknown resis­
tances become irrelevant, even for sin­
gle-gauge sensors. Furthermore, unlike 
a Wheatstone bridge, the Anderson 
current loop provides an output voltage 
that varies linearly with the change in 
gauge resistance, and does so at dou­
ble the sensitivity of a Wheatstone 
bridge. 

Differential­
Voltage­

Measuring 
Circuit 

When using a high-Impedance 
voltmeter for Vg and V ret that 
does not draw appreciable 
current through Rwa and Rw4: 

Vout = Vg - Vret 

Vout = ~Rgl- ~Rret) 

Vout = ~R+t1R)- V"" 

Rg = R"" + (Vout/l) 

S1 . 
Calibration Switch 

RcaJ. 
Shunt Calibration 

Resistance 

For Rret = R: 

Vout = ~R = t1R) - ~R) 

Vout = ~R- R+ t1R) 

Vout = ~t1R) 
'----

Figure 1. The Fundamental Anderson Current Loop puts out a voltage proportional to the 
difference, .!lR, between the gauge and referenoe resistances. The lead-wire resistances, 
Rw1 through Rw4' do not appear in the equations for Vg Vref, and Vout• Thus, the circuit is 
insensitive to changes in these resistances. 

with excitation by an unregulated power 
supply. 

The Anderson current loop was 
devised to eliminate some of the uncer­
tainties in Wheatstone-bridge resis­
tance-change measurements in flight 
research. In a Wheatstone bridge, lead­
wire and contact resistances, which can 
fluctuate, exert significant unknown 
effects on the measurements of gauge 
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The key to preventing contamination 
of readings by voltage drops in the lead 
wires is simply to exclude these voltage 
drops from the measurements. There is 
no way to exclude them in the classic 
Wheatstone bridge circuit. In the 
Anderson current loop, voltage drops in 
the lead wires are excluded by use of 
the well-known four-wire-probe tech­
nique, in which a known current is sup-

plied via two lead wires to a resistance 
to be determined, and the voltage 
across this resistance is coupled to a 
high-input-resistance voltmeter via two 
other lead wires. 

The resistances of the current-sup­
plying lead wires are irrelevant because 
the voltage across the resistance to be 
determined depends only on the current 
(which is known) and on the resistance; 
the resistances of the voltage-coupling 
wires are irrelevant because, by virtue of 
the high input resistance of the volt­
meter, the currents in these wires and 
thus the voltage drops in these wires 
are negligibly small. 

In the fundamental Anderson current 
loop (see Figure 1), the source of 
current is connected to a gauge resis­
tance, Rg (the resistance to be deter­
mined) In series with a reference 
resistance, Rref. The voltages across 
these resistances (Vg and Vref, respec­
tively) are simultaneously measured. 
The two wires carrying V g and the two 
wires carrying Vref are connected to the 
four input terminals of a dual-differential 
voltage-measuring circuit. The inputs to 
this circuit can be processed by 
commercial integrated-circuit instru­
mentation amplifiers. 

The current-loop concept enables the 
use of fewer and smaller lead wires with 
such multi-gauge sensors such as 
strain-gauge rosettes. In the rosette 
application, a single temperature-com­
pensating gauge provides corrections 
for apparent strains for three or more 
strain gauges in a single-loop circuit. A 
set of three 350-Q strain gauges con­
nected to signal-conditioning circuitry 
with a total of six lead wires yields 
stable readouts, even when the resis­
tances of individual lead wires are varied 
randomly from near 0 to over 100 Q. 
Several hundred measurement chan­
nels based on the current-loop 
concept are used daily at Dryden Flight 
Research Center to condition signals 
from strain gauges in hot testing envi­
ronments. 

Figure 2 illustrates the addition of a 
circuit in which a circuit that computes 
a ratio between two voltages has been 
added to the fundamental Anderson 
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INCO Va/l'I'Fab™ Nickel Coated Fibers 
The INCO VaporFab family of conductive nickel coated 

carbon fibers is produced in a proprietary fiber coating 
process at INCO's modern nickel refinery operations. 
The coating process yields several unique advantages. 
The nickel layer is very uniform, with extremely thin 
film coating. It provides for controllable conductivity, 
retained mechanical integrity, ease of handling and 
processing benefits. 

Here are just a few applications for this new product 
from INCO. The VaporFab family of conductive nickel 
coated fibers provides exceptional shielding properties 
of electromagnetic and radio frequency interference 
when used in injection molding composites. It is well­
suited for metal matrix composites, providing property 
improvement, fiber matrix wetting and processibility. 
And, VaporFab conductive nickel coated fiber provides 
lightning strike protection for composite structures. 

For more nformation on this remarkable new 
product from INCO SpeCialty Powder Products, call 
or fax us today. 

INCO Spp 
681 Lawlins Road. Wyckoff, New Jersey 07481 USA. 201-848·1012 

(Fax 201-848-1022) 
Shin·Muromachl Building, 4·3. Nihonbashi·Muromachi 2-chome. Chuo·ku. 

Tokyo 103 Japan, 3-3245-0621 (Fax 3-3245-0628) 
5th Fl .• Windsor House, 50 Victoria St.. london SW1H OXB 

United Kingdom, 71·932·1505 (Fax 71·931·0175) 
15/FI Wilson House, 19·27 Wyndham S1reet Central, Hong Kong, 521·2333 

(Fax 810·1965) 
Royal Trust Tower, Toronto-Dominion Centre. Toronto, Ontario M5K 1N4, 

Canada, 416·361·m8 (Fax 416·361·7659) 

For More Information Write In No. 511 



Current 
Loop 

rr= 
[ D G"",. 

~ Rg= R+t:..R 

~ '" 
Rwire 

Unregulated 
Excitation 

r--NI-

'--

Rrel 
~~ 

current loop. The output of this circuit is 
stable even when the Anderson current 
loop is excited by an unregulated volt­
age . Stable measurements can be 
obtained, for example, when the gauge 
is excited by a common 9-volt battery. 

This work was done by Karl F. 
Anderson of Dryden Flight Research 
Center. Further information may be 
found in NASA TM-104260 [N93 -
126811TB}, "The Constant Current 

Differential Voltage 
Analog-to-Digital Converter 

Figure 2. 
Unregulated 
Excitation need 
not inhibit the 
acquisition of 
data on t:..R. The 
computation of 
Vou/Vrel yields 
t:..RlR, indepen­
dent of the cur­
rent I. 

- - an d 
Measuring Circuit Ratio-Calculating Circuit 

+ 

Vg = I(R+ t:..R) 

+ 

Vref = IRrel 

Vout = Vg - Vrel 

When Rrel = R, 

Vout = It:..R 

Vout 

Vrel 
~ 

Signal 
Input 

Reference 
Input 

When Rrel = R, 

~=t:..R 
Vrel R 

Loop: A New Paradigm for Resistance 
Signal Conditioning," and NASA TM-
104271 [N94-15754ITB}, "Simultaneous 
Measurement of Temperature and Strain 
Using Four Connecting Wires. " 

Copies may be purchased [prepay­
ment required} from the NASA Center 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 
Maryland, Telephone No. (301) 621-
0394. Rush orders may be placed for an 

r----

extra fee by calling the same number. 
This invention is owned by NASA, and 

a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Dryden Flight 
Research Center [see page 20]. Refer to 
DRC-00001. 

Data Acquisition the way you want it: 

Real world, real time, real easy. 
New NetDAQ~ Network Data Acquisition Tools 
put all the pieces together into one easy, integrated 
solution. Collect data at 1000 readings per second from 20 analog 
input channels with one unit, or daisy-chain up to 20 NetDAQs to 
build a distributed data acquisition system. Configuration is quick 
and inexpensive with Fluke's patented Universal Input Module. And 

Signal conditioning for inputs including 
thermocouples, 4-20 rnA, ac/dc volts, and 
RTDs is built-in, FREE. 
NetDAQ Logger for Windows· sets a new 
standard with its powerful data analysis 

and report generation capabilities. View your data as irs 
collected, compare historical trends, zoom in on what you 
want, and print it. All without programming! 
Call for a free NetDAQ brochure and demo disk: 
1-800-44-FLUKE. 

Daw. Acquisition Tools 
Portable • Wireless • Necworked 

II 
hn.nswilh 
NeMbre 

Now you can pick up and deliver claw. , anywhere"'. 

FL.UKE ~ 
C 1994 Auke Corporation PO Box 9090. MIS 25OE. Everen. WA. USA 98206·9090. 

U.S (206) 35&5400. canada (905) 890-7600. Europe (31 40) 644200. 
O1her counlries (206) 356-5500 All righls reserved. 

Windows Is a registered trademark of MiCfOSOH Corporation. Ad NO.00601 
For More Infonnation Write In No. 405 



MAlLIB grapbics enhance undemanding of neuralnetwom behavior. JDis plot corrtp<mS training rates for sUllldard backpropagation (wbiu, 108 steps) 
and the fast Levenberg-Marquardt algorithm (blue, 5 steps). Eacb trace illustralls the number of steps from initial conditions to the minimum enor. 

Introducing Version 2.0 of 
the Neural Network Toolbox. 

B
Oth newcomers and 

experts have found the 

MATLABo Neural Network 

Toolbox to be ideal for exploring 

and applying neural networks to 

fields as diverse as signal process­

ing, nonlinear control, and finan­

cial modeling. 

Now, version 2.0 offers five new 

network paradigms, major speed 

improvements, and expanded sup­

port for experimentation. 

Beyond ba'kpropagation 
The MATLAB Neural Network 

Toolbox offers over fifteen proven 

network architectures and learn­

ing rules. You can choose among 

feed-forward, recurrent, associa­

tive, and self-organizing network 

paradigms, using supervised or 

unsupervised training. 
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The first neural network 
engineering en'Vironment 

The Neural Network Toolbox is a 

complete engineering environ­

ment for neural network research, 

design, and simulation. Unlike 

other neural network packages, 

you never work in isolation from 

real world considerations. 

Aexible data import and trans­

formation functions simplify 

preprocessing of input data. 

Powerful analysis and advanced 

Neural Network ControUer SlmulaHon 

graphics help you evaluate 

network behavior and perfor­

mance in the context of complete 

system designs. 

With no limits on network size 

or connectivity, you can implement 

networks as complex as your 

application demands. 

You can easily change any 

architecture, learning rule, or 

transfer function - or add new 

ones - without writing a single 

line of C or Fortran. 

ASIMUUNK' 

nonlinear simulation 
of a control system 
designed with the 
Neural Network 
Toolbox. You can also 
use neurainetwoms 
with other MATuIB 
roolboxes, sucb as 
Image Processing, to 
create optimum 

B!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!J solutions. 

For More Information Write In No. 513 

MATLAB -
Pictllre the Power 

Neural Network 
Toolbox 

NEW 2.0 FEATURES 
• Levenberg-Marquardt 

fast backprop training 

• Radial basis networks 
• Adaptive linear networks 
• Elman recurrent networks 
• Learning vector quantization 

PROVEN FUNCTIONALITY 
• Backpropagation, perceptron, 

linear, recurrent, associative, 
and self-organizing networks 

• Supervised and unsupervised 
learning rules 

• Competitive, limit, linear, 
sigmoid, and user-defined 
transfer functions 

• Performance analy.<es & grapbs 
• Unlimited layers, elements, & 

interconnections 

• Fully open and customizable 
• Runs on pes, Macs, and 

workstations 

Not just for experts 
You don't have to be an expert to 

use the Neural Network Toolbox. 

The User's Guide makes learning a 

breeze, with tutorials and examples 

for each type of network. 

The Ultimate Te,bni,al 
Computing En'VironmentT

" 

MATLAB is an extensible, interac­

tive Technical Computing Environ­

ment that seamlessly integrates 

computation, visualization, and 

modeling - the ideal way to dis­

cover the power of neural networks. 

For a technical data sheet. 
call 508·653·1415 

The 24 Prime Parle Way 
MATH Nati<k, MA01760-1500 

~
R Fax: 508/ 653-6284 

Inc Email: infa@mathwarks.(am 
. Web: hHpj/www.mati1works.(am 

MAnAB is a registered trademark orlbe MathWorks. Inc. 
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Porous SixGe1_x Layers Within Single Crystals of Si 
Electroluminescence from these layers might be utilized in novel optoelectronic devices. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Si30nm 
Thick 

Nonporous 

Sio.7 GeO.3 
(5 nm Thick) 

Note: HF : HN03 : H20 (4:1:4) etchantwas applied 
for 10 seconds to this surface. 

I 

Figure 1. This Cross-Sectional Transmission Electron Micrograph shows that the porosity in the SiO•7GeO.3 layers extends from the right 
side (where the etching solution made contact) leftward part way along these layers. 

Layers of porous SixGe1_x buried with­
in single crystals of Si can be formed by 
epitaxial growth of Si/SixGe1_/Si 
structures followed by etching in solu­
tions of HF:HN03:H20 . This fabrication 
process has been investigated with 
a view toward development of novel 
optoelectronic devices in which electro­
luminescence occurs in porous SixGe1_x 
layers. 

Electroluminescent devices that con­
sist of layers of porous Si between metal 
electrodes have also been investigated 
and found to be deficient for reasons 
that relate to the direct contact between 
metal and porous Si. It would be prefer­
able to make indirect electrical contact 
with porous Si layers via single-crystal 
layers of Si. Before the present fabrica­
tion process was conceived, there was 
no practical way to form the desired sin­
gle-crystal/porous/single-crystal struc­
tures. 

In experiments performed initially to 
demonstrate the fabrication process, 
undoped layers of SixGe1_x 5 nm thick 
were grown epitaxially between layers of 
Si 30 nm thick. In some specimens, x 
was 0 .94; in others, it was 0.7 . The 
stacked layers were plasma-etched to 
form mesa structures and thereby make 
the edges of the layers accessible for 
chemical etching. These specimens 
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were exposed to solutions of 
HF:HN03:H20 in volume proportions of 
4:1:4 and, in some cases, 4:1 :6. These 
solutions stain etched SixGe1_x pref­
erentially over Si, forming pores in the 
SixGe1_x layers at a rate at least 100 
times that in the Si layers (see Figure 1). 
Transmission electron diffraction analysis 
of the porous regions showed that they 
were probably amorphous (with respect 
to crystalline structure). 

One potential application lies in fabri­
cation of an electroluminescent diode. 
An epitaxial layer of SixGe1_x could be 
grown on an n-doped Si substrate, then 
capped with an epitaxial layer of 

p-doped Si. The SixGe1_x layer could 
then be converted to light-emitting 
porous material by preferential stain 
etching in HF:HN03:H20 . A back-side 
metal electrical contact and a front -side 
semitransparent electrical contact (possi­
bly of lead/tin oxide or heavily doped sili­
con) could then be added to complete 
the diode structure (see Figure 2). 

Another potential application lies in SV 
porous SixGe1_/Si superlattices, which 
are expected to have novel optical and! 
or optoelectronic properties. Such a 
structure may be similar to that shown in 
Rgure 1 , except that all of each SiGe layer 
would be converted to porous material. 

Figure 2. 

Semitransparent 
Conductive Contact 

This Electroluminescent 
Diode Structure could be 
fabricated by the 
selective-etching technique 
described in the text. Voltage 
applied to the contact would 
make current flow vertically 
through the porous Sifoe1_ x 
layer, resulting in emission 

_ p-DopedSi 
Epitaxial Layer 

Light-Emitting Layer 
of Porous SixGe1_x 

n-Doped Si Substrate 

_ Metallic Back-Side 
a.li.~""~~~""~:..;",;jI Contact 

of photons. 
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In a variation of the concept, a solu­
tion (perhaps hydrofluoric acid) that at­
tacks SixGe1_x much more than it at­
tacks Si might be used to etch away an 
underlying porous SiGe layer, leaving a 
top Si layer intact. If the Si top layer had 
been processed to form an integrated 
circuit or other device, and if the device 
structure were suitably protected, the 
entire circuit could be lifted off and 
placed on a compound semiconductor 

chip. This would enable monolithic inte­
gration of such compound semiconduc­
tor devices as lasers with the Si circuit 
(which might have, for example, a high 
level of digital functionality). 

This work was done by Robert W. 
Fathauer and Thomas George of Cal­
tech for NASA's Jet Propulsion labo­
ratory. For further information, write in 
34 on the TSP Request Card. 

This invention is owned by NASA, and 

a patent application has been filed. In­
quiries conceming nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, NASA Resident Office­
JPL [See page 20}. Refer to NPO 
18836. 

Making Porous Luminescent Regions in Silicon Wafers 
Regions damaged by ion implantation are stain-etched. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Porous regions within single-crystal 
silicon wafers can be fabricated by a 
straightforward stain-etching process. 
These regions exhibit visible photolumi­
nescence at room temperature and 
thus might constitute the basis of a 
novel class of optoelectronic devices. 

A related development was reported 
in the preceding article, "Porous 
SixGe1_x Layers Within Single Crystals 
of Si.· As explained in that article, 
SilSixGe1_/Si structures were exposed 
to solutions of HF:HN03:H20, which 

etched and formed pores in SixGe1_x 
layers about 100 times as fast as in the 
adjacent Si layers. 

In the present stain-etching process, 
the first step is to coat the wafer with 
photoresist, which is then patterned 
photolithographically to expose the 
surface of the silicon in the region to 
be made porous. Next, silicon or 
boron ions are implanted in the 
exposed area. When the wafer is sub­
sequently exposed to a solution of 
HF:HN03:H20, the region damaged by 

the implantation of ions becomes 
etched and porous much more rapidly 
than does the surrounding undamaged 
silicon. 

This stain-etching process appears to 
have some advantages over a recently 
investigated anodic-etching process. 
The stain-etching process works on 
both n-doped and p-doped silicon 
wafers. The figure shows a specimen 
that was implanted with boron ions at a 
kinetic energy of 15 keV and a dose of 
1015 cm-2 in the pattem of the " JPL" 

When quality is your competitive edge • • • 

ELCOM® brushless servomotors improve your 

design with excellent torque-to-inertia ratiOS, 

highest output density, and optimum resistance 

to demagnetization. Optional LO-COG® 12-step drive 

greatly reduces commutation torque ripple. 30 to 6Smm 

square frames. Continuous-duty torques 

Call 215-256-6601 

Fax 215-256-1338 HARLEYSVILLE, PA 19438-0003 USA 
A DIVISION OF PENN ENGINEERING & MANUFACTURING CORP 

For More Informat ion Write In No. 442 



logotype, then etched. When illuminated 
by ultraviolet light the pattem exhibited 
red-orange luminescence that was visi­
ble to the naked eye. 

This work was done by Robert W. 
Fathauer and Eric W. Jones of Caltech 

for NASA's Jet Propulsion Lab­
oratory. For further information, write 
in 112 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 

exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, NASA Resident 
Office--JPL [see page 20j. Refer to NPO-
18735. 

RED/ORANGE LUMINESCENCE UNDER ULTRAVIOLET LIGHT APPEARANCE UNDER WHITE LIGHT 

Boron Ions Were Implanted in this silicon wafer in the region of the "JPL" logotype, then the wafer was etched to make the ion-damaged 
region porous. The region luminesces visibly. 

When your application demands pre­
cision time, p lug in Odetics' IRIG board­
level processors. Compact single board 
packaging means significant savings in 
space , costs, power and installation 
time. 

Just plug it into your system bus and 
concentrate on system integration tasks 
leaving the timing to us. 

And we support most standard busses 
including PC ATtx:r bus. Or VME, VAX-BI, 
Sbus, NUbus and Microchannel. Odetics 

offers the widest range of bus compatible 
timing products available, for adding time 
code processing to existing computer sys­
tems. And all boards support GPS syn­
chronization. 

Video timing applications? Check out 
our video inserter's unique ability to su­
perimpose timing and other data onto your 
video signals. 

For further information, technical litera­
ture or a demonstration, talk to our experts 
in timing technology. 

Odetics 
Precision Time Division 

1515 S. Manchester Avenue, Anaheim, California 92802-2907 
(714)758-0400 Fax (714)758-8463 Tech Questions (915)598-9769 

For More Infonnatlon Write In No. 407 

Epitaxial 
Deposition of 
Germanium 
Doped With 
Gallium 
High-quality material would be 
useful in infrared sensors. 

NASA's Jet Propulsion 
Laboratory, Pasadena, 
California 

Epitaxial layers of germanium doped 
with gallium would be made by chemi­
cal vapor deposition, according to a 
proposal. Highly pure epitaxial germani­
um doped with gallium is needed for 
state-of-the-art infrared sensors. 

Films of germanium have been made 
previously by various chemical vapor 
deposition processes, including thermal 
decomposition of GeH 4 , plasma 
decomposition of GeH4, and reduction 
(by H2) of halides of Ge (GeCI4 and 
GeBr4). Films of gallium have been 
made previously by chemical vapor 
deposition from GaCI3 . The proposed 
method would involve a combination of 
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techniques and materials used previous­
ly; namely, chemical vapor deposition 
with GeH4 or GeCI4 as the source of 
germanium and GaCI3 as the source of 
gallium. The resulting epitaxial layers of 
germanium doped with gallium are ex­
pected to be highly pure, with high crys­
talline quality. 

This work was done by James E. 
Huffman of Rockwell International Corp. 
Science Center for NASA's Jet Pro­
pulsion Laboratory. No further docu­
mentation is available. 
NPO-18961 

Radiation­
Protected 
Protocols for 
Self-Testing of 
Microcircuits 
Ionizing radiation need not 
trigger unintended 
self-testing. 

NASA's Jet Propulsion 
Laboratory, Pasadena, 
California 

Protocols installed in certain microcir­
cuits that permit functional self-testing 
do not consider the possibility of inad­
vertent triggering by protons or ener­
getic heavy ions in space or satellite 
orbit . It is recommended that these 
devices be rendered immune to so­
called single event effects of energetic 
ions in cosmic rays, flares, or trapped­
charge belts surrounding Earth and 
some other planets. It is proposed that 
a pair of stimuli be applied to the device 
in a specified manner in order to start 
the self-test. The protocol can require 
two or more stimuli at a single node, or 
a pair of stimuli at two nodes, or some 
more complicated combination. 

The important realization is that exist­
ing self-test mechanisms will be 
triggered unless removed or rendered 
immune as described above. An unin­
tended transition to the self-test mode 
could have disastrous consequences in 
many applications in space or satellite 
orbit. 

This work was done by Donald K. 
Nichols of Ca/tech for NASA's Jet Pro­
pulsion Laboratory. For further infor­
mation, writ e i n 154 on the TSP 
Request Card. 
NPO-19047 
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Data AcquiSI 
With the widest selection of NO systems, 
signal conditioning, and software, IOtech's 
DaqBook series leads the way in notebook 
PC-based portable data acquisition systems. 
Our DaqBook systems offer: 
• PC connection via parallel port, enhanced 

parallel port (EPP), or PCMClA 
• 12- or 16-bit, 100kHz NO conversion 
• lOOK reading/s real-time storage to disk 
• 512-location randomly programmable 

channel/gain queue 
• high-speed digital I/O /':;( counter/timers 
• AC or DC operable 

Signal Conditioning 
The DaqBooks can be expanded up to 256 
channels of mixed signal inputs while main­
taining a 10 IJs/channel scan rate. Ourfamily 
of economical, compact signal conditioning 
cards provides: 
• high- /':;( low-gain channel expansion 
• simultaneous sample /':;( hold 
• thermocouple inputs 
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Electronic Systems 

Digital-Electronic/Optical Apparatus Would Recognize Targets 
Infrared images of unknown targets would be correlated quickly with images of known targets. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed automatic target -recogni­
tion apparatus would consist mostly of a 
digital-electronic/optical cross-correlator 
that would process infrared images of 
targets. This apparatus (see figure) 
would incorporate some of the features 
of the correlator described in "Prototype 
Optical Correlator for Robotic Vision Sys­
tem" (NPO-18451), NASA Tech Briefs, 
Vol. 17, No. 3 (March 1993), page 42, 
and some of the features of the correla­
tor described in "Compact Optical Cor­
relator" (NPO-18473), Laser Tech Briefs, 
Vol. 1, No. 1 (September 1993), page 
38. The apparatus might be useful in a 
robotic system; for example, to recog­
nize and track such infrared-emitting, 
moving objects as variously shaped hot 
workpieces on a conveyor belt. 

Like other developmental digital-elec­
tronic/optical cross-correlators, this one 
would offer the combined advantages of 
flexibility and adjustability plus rapid op­
tical processing, in parallel, of data from 
all parts of the input image. 

One of the advantages of a digital­
electronic/optical cross-correlator is that 
a large number of known reference im­
ages (e.g., infrared images of hot work­
pieces of known size and shape) can be 
stored in memory. By the very nature of 
an optical cross-correlator, the input 
image can be cross-correlated with 
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This Proposed Digital.Electronic/Optical Correlator would classify an unknown 
target depicted in the input image by performing a cross-correlation with reference images 
of many known targets simultaneously. 

respect to all of the reference images si­
multaneously. Thus, if the input image 
matches that of any of the known tar­
gets, a match can be found quickly. 

This work was done by Marija S. 
Scholl of Caltech for NASA's Jet Pro-

pulsion Laboratory. For further infor­
mation, write in 98 on the TSP Request 
Card. NPO-18503 

Data-Acquisition System With Remotely Adjustable Amplifiers 
Operation, maintenance, calibration, and adjustment are standardized. 
John F. Kennedy Space Center, Florida 

An improved data-acquisition system 
that has both centralized and decentral­
ized characteristics has been developed 
to update an obsolescent data-acquisi­
tion system at Kennedy Space Center. 
The system provides an infrastructure 
for automation and standardization of 
operation, maintenance, calibration, and 
adjustment of many transducers. In so 
doing, it also increases efficiency by 
reducing the need for a diminishing 
work force of highly trained technicians 
to perform routine tasks. Large industri­
al and academic laboratory facilities 
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might also benefit from a system like 
this one. 

The system features three principal 
technological developments. The first is 
that of the tag random-access memory 
(tag RAM) . This is a nonvolatile RAM 
that effects electronic storage of all 
transducer information at the location of 
the transducer to prevent loss of infor­
mation, reduce paperwork, and provide 
for remote electronic control of the 
transducer. A separate tag RAM is ded­
icated to each transducer and is con­
nected directly to the transducer as part 

of a "pig-tail" cable adaptor. The tag 
RAM for each transducer is loaded, 
during calibration of the transducer, 
with all pertinent calibration and adjust­
ment data. Each tag RAM features 
password protection to prevent inadver­
tent modification of data. 

The second technological develop­
ment is that of a self-programming 
amplifier called a universal signal-condi­
tioning amplifier (USCA). Along with a 
tag RAM, a separate USCA is dedicat­
ed to each transducer and is connected 
to the transducer along with the tag 

NASA Tech Briefs, December 1994 
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Excitation Circuits: 

Digital Signal-
Processing Circuits 
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A Universal Signal-Conditioning Amplifier is a rugged, versatile unit with self- and remote­
programming capabilities. It is connected with a transducer and a tag RAM. 

RAM (see figure). A USCA can be 
installed in the field, is rugged, can pro­
gram itself or be programmed by remote 
control, and supplies excitation (if need­
ed) to the transducer. When the USCA is 
connected to a transducer with a tag 
RAM, it reads information from the tag 
RAM and programs itself with respect to 
excitation voltage or current, gain, out­
put range, type of output (digital or ana­
log), digital filter settings, and lineariza-

tion (via curve fit by a polynomial of up to 
seventh order). 

A microcontroller and digital signal­
processing circuitry in the USCA provide 
flexibility that enables the use of non­
standard or unusual transducers in the 
otherwise standardized data-acquisition 
system. The USCA is contained in a 
special environmental housing. It mea­
sures its internal temperature and cor­
rects its gain and offset to prevent 

degradation of data by ambient-temper­
ature effects from -25 to +60 cC. All 
parameters for calibration of the amplifier 
can be loaded electronically into an 
intemal nonvolatile RAM. The transducer 
inputs, digital and analog inputs and out­
puts, and power input are galvanically 
isolated from each other to prevent 
ground loops and to minimize damage 
from lightning and other transients. 

The third development is that of 
a subsystem called the "self-aware 
measurement system (SAMS) con­
troller." The SAMS controller resides in 
a centralized data-acquisition system 
and provides supervisory control, con­
nect/disconnect status and time for all 
channels, and system information for all 
channels that contain tag RAMs alone or 
tag-RAM/USCA pairs. In a channel that 
contains only a tag RAM, the SAMS 
controller provides a host computer with 
the capability to identify and download 
all transducer-specific information locat­
ed in the tag RAM. The system is also 
capable of putting any transducer into a 
remote-calibrate mode. 

The addition of a USCA expands the 
capabilities of the data channel. The cali­
bration, setup, and other data contained 
in the tag RAM are then available to the 
USCA. With modifications, they are also 
available to the SAMS controller. The 



SAMS controller communicates bi-direc­
tionally with the USCA, enabling remote 
control and monitoring of such USCA 
functions as new fi lter settings or modi­
fied full -scale or offset ranges for special 
measurements with existing transduc­
ers. The SAMS controller can read the 
automatic USCA setup parameter and 
enables the SAMS operator to override 
any parameters. 

This work was done by Mark A. Nurge 
and William E. Larson of Kennedy 
Space Center and Carl G. Hallberg, 
Steven W. Thayer, Jeffrey C. Ake, Stuart 
M. Gleman, David L. Thompson, Pedro 
J. Medelius, Wayne A. Crawford, 
Richard M. VanGilder, Johnny L. Kerce, 
and Joey S. Fairbanks of I-NET, Inc. For 
further information, write in 239 on the 
TSP Request Card. 

Versatile Controller for CCO's 
This circuit can control CCO's of various designs. 
Goddard Space Flight Center, Greenbelt, Maryland 

A general-purpose controller for a 
charge-coupled device (CCO) can be 
programmed to accommodate any of a 
variety of CCO designs. In the operation 
of the controller , software is used to 
specify the CCO-clock waveforms, which 
are thus available in great diversity. The 
controller includes a timing-signal gener­
ator controlled by a microcomputer. The 
flexibili ty and speed of the controller 
make it a versat ile tool for laboratory 
testing and for a variety of applications. 

The controller can operate existing 
CCO's and will be able to operate most 
CCO's expected to be developed in the 

foreseeable future. For example, it can 
handle either a large CCO array or a mo­
saic of smaller CCO's. It can operate in 
either an analog mode (long integration, 
slow readout) or in a photon-counting 
mode (fast, continuous readout). 

The capability of the controller for ad­
justment of its speed, waveforms, and 
voltages via software is an important ad­
vantage for evaluating CCO's in the labo­
ratory. It is especially important in space 
applications in which CCO's can be de­
graded by radiation but can be retuned 
to optimize their performances. 

The microcomputer in the controller is 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Kennedy Space 
Center {see page 20}, Refer to KSC-
11688. 

a single-chip integrated circuit that 
receives commands from a host com­
pufer, issues instructions to the timing­
signal generator, and loads CCO-clock 
waveforms into first - in/ first-out (FIFO) 
memories (see figure). The timing-signal 
generator produces the requisite number 
of pulses at the desired frequency to 
clock out data from the FIFO memories; 
it consists of five independent 
counter/ timers on a single chip; each 
counter/ timer can be programmed to 
generate a repetitive square wave at a 
particular frequency and duty cycle or to 
count to a preset number, stop, and 

o 1994 Hewlett-Packard Co. TMVXD4561NASA 
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issue an interrupt to the microcomputer. 
Each FIFO memory stores waveform 

sequences that govem the operation of 
a CCO. The output of a FIFO memory is 
connected back to its input. As soon as 
a byte at the head of a queue of wave­
form data has been clocked out of a 
FIFO memory by the timing-signal gen­
erator, it goes back to the input and 
propagates through, joining the end of 
the queue. The FIFO memory is thus 
operated as a circular storage device, 
and any byte sequence can be used 
over and over again. 

One FIFO memory is used for parallel 
output, and two are used for serial out­
put. The storage capacity of these FIFO 
memories is ample for currently available 
CCO's but can be expanded if neces­
sary. 

The use of circuitry separate from the 
microcomputer to clock out the wave­
forms ensures stability of the intervals 
between the readout of successive pix­
els. It is also important for keeping noise 
low by use of double correlated sam­
pling. The clock speed of both parallel 
and serial operations can be much high­
er than that of the microcomputer. 

Several microcomputers can be con-

Host 
Computer 

To 
::: Parallel 
::; Drivers 

To 
..• Serial 
::: Drivers 

CCD Waveforms and Timing Instructions travel from the host computer to the microcom­
puter over a serial link. The microcomputer loads the commanded waveforms into the first­
in/first-out memories and instructs the timing generator to clock out the waveform data. 

nected on a serial link to the host com­
puter. The host can address a single mi­
crocomputer, a subgroup of microcom­
puters, or all microcomputers at once. A 
group of CCD's - each with its own mi­
crocomputer, FIFO memories, and tim­
ing generator - can therefore be con­
trolled by the same host computer. A 
group of dissimilar CCO's each perform­
ing a different function - e.g., tracking, 

image-motion compensation, image cor­
rection, and scientific-data acquisition -
can likewise be linked and controlled by 
a single host computer. 

This work was done by J. Novello of 
Goddard Space Flight Center and P. 
C. Chen of Computer Sciences Corp. 
For further information, write in 70 on 
the TSP Request Card. 
GSC-13269 

Wavelength-Division Multiplexing of Bipolar Digital Signals 
Pulses at two different wavelengths signify opposite polarities. 

John F. Kennedy Space Center, Florida 
In the system shown in the figure, bi­

polar digital data are transmitted by use 
of wavelength-division multiplexing on a 
single optical fiber. A bipolar digital signal 
can assume any of three levels: positive, 
zero, and negative. An electrical signal 
can be set at a corresponding positive, 
zero, or negative voltage, but the output 
of a light-emitting diode (LED) used to 
transmit digital data on an optical fiber 
can be set at only two levels: on and off. 

Accordingly, in this system, two LED's 
of different wavelengths are used. 
Turning on one LED, which radiates at a 
wavelength of 1,300 nm, signifies "posi­
tive." Turning on the other LED, which 
radiates at 1,550 nm, signifies "nega­
tive." Leaving both LED's turned off sig­
nifies "zero." 

At the transmitter, the incoming electri­
cal bipolar digital signal is first applied to 
analog circuits that separate it into its 
positive and negative component pulses. 
Each component is used to modulate 
the output of the LED assigned to it. The 
outputs of the LED's are combined by a 
wavelength-division multiplexer at the 
input end of the optical fiber. 

In the receiver, the signals coming out 
of the optical fiber at the two wave-
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lengths are separated by a wavelength­
division demultiplexer, and fed to sepa­
rate photodetectors, which reconstruct 
the component positive and negative 
pulses. Analog output circuits combine 
these pulses, reconstructing the bipolar 
digital signal that was fed to the transmit­
ter. 

This work was done by Ronnie D. 
Gibbons and John L. Ubele " of 
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Lockheed Space Operations Co. for 
Kennedy Space Center. For further 
information, write in 22 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Kennedy Space 
Center [see page 20}, Refer to KSC-
11610. 
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Frequency-Shift Hearing Aid 
The voice spectrum would be mapped to frequencies where the ear remains sensitive. 
Langley Research Center, Hampton, Virginia 

A proposed hearing aid would map 
the spectrum of speech into a band of 
lower frequencies at which the ear 
remains sensitive. The frequency range 
of normal human hearing extends to 
about 15,000 Hz, but most speech is 
contained in the frequency range from 
100 to 5,000 Hz. With increasing age, 
people often lose sensitivity to higher 
frequencies (often above about 1 ,500 
Hz) . By redirecting normal speech fre­
quencies into the frequency band from 
100 to 1,500 Hz, the hearing aid would 
allow such people to understand normal 
conversation, including telephone calls, 
without excessive amplification. In con­
trast, conventional hearing aids amplify 
all or selected parts of the speech 
spectrum: in cases of severe loss of 
hearing, the required amplification may 
become impractically high, and the con­
tinued use of high amplification could 
damage the wearer's remaining hearing 
during the long term. 

Speech information is transferred by 
fairly slow amplitude modulation and 
slowly changing frequency modulation 
of an acoustic carrier wave. The carrier 

frequency must be high enough so that 
ears and eardrums can detect the carri­
er wave effiCiently. The information is 
contained in words that are transmitted 
at a rate of about 2 per second and 
have a basic content of about 100 
pieces of information per word . The 
basic information only conveys which 
word is being spoken, and this does not 
depend on the precise carrier frequen­
cy. The word information can be trans­
posed to a lower carrier frequency , 
much as a song can be sung in a lower 
pitch and still be understood. 

The frequency-shift hearing aid would 
separate the amplitude and frequency 
modulated information content of a 
message from the normal speech carri­
er wave and use the information to 
modulate a carrier of lower frequency. 
The result would be a message at a 
lower carrier frequency but carrying 
information at the same rate. The carrier 
wave or the information modulation 
could be selectively clipped or filtered to 
suppress loud or distracting sounds. 

While the highest frequencies must 
be shifted down considerably, the low 

to middle frequencies do not have to be 
changed much. At the same time, the 
frequency modulation portion of the 
speech signa: must follow the same 
trends as the Original speech to convey 
the information in the clearest way. This 
is probably best done with nonlinear 
mapping. For example, fout = 23(fin)1 /2 
- 130, where fout and fin are the output 
and input frequencies, respectively, in 
hertz. In this example, an input frequen­
cy of 100 Hz would stay the same, 
while an input frequency of 5,000 Hz 
would be shifted down to just under 
1,500 Hz. 

The principle of the operation of this 
hearing aid could be adapted to other 
uses as well. For example, it could be 
used to clear up noisy telephone or 
radio communication. In addition, loud­
speakers could be more easily under­
stood in the presence of high back­
ground noise. 

This work was done by Leonard M. 
Weinstein of Langley Research 
Center. No further documentation is 
available. LAR-15056 
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Physical Sciences 

Improvements in Optically Stimulated Electron Emission 
OSEE can reveal contamination in many situations in which other techniques do not work. 
Lang/ey Research Center, Hampton, Virginia 

Optically stimulated electron emission 
(OS EE) has been used by NASA in 
inspection for contamination of critical 
bonding surfaces in the solid rocket 
motors of the Space Shuttle prior to the 
formation of adhesive bonds on those 
surfaces during manufacture and refur­
bishm ent. Th e fundamental OSEE 
inspection technique was described in 
"Surface-Contamination Inspection Tool 
for Field Use" (MFS-25581), NASA Tech 
Briefs, Vol. 6 , No. 2 (Summer 1981), 
page 190, and "Detecting Contamination 
With Photoelectron Emission " (MFS-
25619), NASA Tech Briefs, Vol. 6, NO. 3 
(Fall / Winter 1981), page 307. This 
technique involves measurement of pho­
toelectrons released from a substrate 
under ultraviolet irradiation. OSEE meas­
urements have been shown to be 
sensitive to contaminants in amounts 
that, while large enough to weaken 
bonds, are too small to be visible to the 
naked eye. 

The OSEE technique is also applicable 
to roughened surfaces, for which many 
optical techniques cannot be used. The 
OSEE measurement head is easily port­
able, and the measurement operation is 
convenient and rapid , making OSEE a 
useful inspection technique in the indus­
trial environment. OSEE has proved use-

ful enough that further development has 
been undertaken to increase the preci­
sion and stability of the measurements. 
Work has also been done to extend the 
applicability of OSEE measurements to 
nonconducting substrates. 

Improvements being implemented in­
clude a change in the geometry of the 
measurement volume so that the electric 
field lines are parallel within the illuminat­
ed region, which itself is limited with both 
apertures and focusing optics. The pri­
mary OSEE-generating spectral line of 
the ultraviolet lamp has been identified, 
and the radiation of that line from the 
lamp is independently measured and 
used to control lamp current to increase 
stability. The interfering effects associat­
ed with oxygen and water vapor in the 
measurement region are being eliminat­
ed from measurement by use of a purge 
gas. The lamp is further environmentally 
isolated and subjected to constant cool­
ing to increase stability and optimize 
OSEE-producing radiation. 

Further improvements in the measure­
ment have been identified . A laboratory 
prototype of a Kelvin Probe, capable of 
measuring surface work functions in me­
tals, has been constructed and shown to 
be an appropriate complement to the 
basic OSEE apparatus for inspecting 

Fatigue-Crack-Tip Locator 

surfaces , the work functions of wh ich 
vary naturally. In addition , external con­
trol of the collector bias voltage has 
made it possible to obtain reproducible 
OSEE measurements on nonconducting 
surfaces by using the measurement 
head to replace the electrons removed 
following a measurement. (The proce­
dure is called "charge replacement. ") 

With these improvements and exten­
sions, OSEE should become useful in a 
number of industrial processes in which 
inspection to detect contamination 
would be highly useful. In such process­
es, no suitable contamination-inspection 
technique has been available. 

This work was done by William T Yost 
of Langley Res earch Center, 
Christopher S. Welch of the College of 
William and Mary, and Edmond J. Joe 
and Bill B. Hefner, Jr. , of Analytical 
Services and Materials, Inc., with coop­
eration from Personnel from Marshall 
Space Flight Center. No further docu­
mentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, Langley Research Cen­
ter [see page 20j. Refer to LAR-J5063. 

Fatigue experiments can be run continuously under automated monitoring . 
Lang/ey Research Center, Hampton, Virginia 

Figu re 1 schematically illustrates 
part of a fatigue-testing system that 
includes an automated subsystem that 
continuously tracks the location of the 
fatigue-crack tip in a metal or other 
highly electrically conductive speci­
men. The fat igue-crack-tip-Iocating 
subsystem can also search the speci­
men to find the initial fatigue crack and 
its tip and to trace out hidden fatigue 
c racks and other flaws inside the 
specimen . 

The fatigue-crack-tip-Iocating sub­
system operates under the overall 
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control of a personal computer, which 
also controls the load frame that 
applies the prescribed cyclic stresses 
to the specimen . An electromagnetic 
flaw detector based on the eddy-cur­
rent prinCiple is scanned over a sur­
face of the specimen by x- and y-axis 
stepping-motor drives controlled by 
the computer . [The electromagnetic 
flaw detector was described previously 
in "Electromagnetic Flaw Detector Is 
Easier To Use" (LAR-15046) , NASA 
Tech Briefs, Vol. 18, No. 7 (July 1994), 
page 36 . To recapitulate: the electro-

magnetic flaw detector is a novel 
eddy-current probe that puts out a 
sing le , unambiguous ac voltage 
indicative of flaws in the specimen.] 

The automated search for the 
fatigue crack and its t ip is feasible 
because of the unambiguous flaw sig­
nal provided by the probe . The top 
part of Figure 2 shows the output sig­
nal of the probe as it is scanned 
across two fatigue cracks in an alu­
minum-alloy specimen. The large peak 
in the output voltage of the probe 
occurs when the probe is centered 
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Physical Sciences 

Improvements in Optically Stimulated Electron Er 
OSEE can reveal contamination in many situations in which other techniques do nl 

Langley Research Center; Hampton, Virginia 
Optically stimulated electron emission 

(OSEE) has been used by NASA in 
inspection for contamination of critical 
bonding surfaces in the solid rocket 
motors of the Space Shuttle prior to the 
formation of adhesive bonds on those 
surfaces during manufacture and refur­
bishment. The fundamental OSEE 
inspection technique was described in 
"Surface-Contamination Inspection Tool 
for Field Use" (MFS-25581), NASA Tech 
Briefs, Vol. 6, No.2 (Summer 1981), 
page 190, and "Detecting Contamination 
With Photoelectron Emission" (MFS-
25619), NASA Tech Briefs, Vol. 6, NO.3 
(Fall/Winter 1981). page 307. This 
technique involves measurement of pho­
toelectrons released from a substrate 
under ultraviolet irradiation. OSEE meas­
urements have been shown to be 
sensitive to contaminants in amounts 
that, while large enough to weaken 
bonds, are too small to be visible to the 
naked eye. 

The OSEE technique is also applicable 
to roughened surfaces, for which many 
optical techniques cannot be used. The 
OSEE measurement head is easily port­
able, and the measurement operation is 
convenient and rapid, making OSEE a 
useful inspection technique in the indus­
trial environment. OSEE has proved use-

ful enough that further development has 
been undertaken to increase the preci­
sion and stability of the measurements. 
Work has also been done to extend the 
applicability of OSEE measurements to 
nonconducting substrates. 

Improvements being implemented in­
clude a change in the geometry of the 
measurement volume so that the electric 
field lines are parallel within the illuminat­
ed region, which itself is limited with both 
apertures and focusing optics. The pri­
mary OSEE-generating spectral line of 
the ultraviolet lamp has been identified, 
and the radiation of that line from the 
lamp is independently measured and 
used to control lamp current to increase 
stability. The interfering effects associat­
ed with oxygen and water vapor in the 
measurement region are being eliminat­
ed from measurement by use of a purge 
gas. The lamp is further environmentally 
isolated and subjected to constant cool­
ing to increase stability and optimize 
OSEE-producing radiation. 

Further improvements in the measure­
ment have been identified. A laboratory 
prototype of a Kelvin Probe, capable of 
measuring surface work functions in me­
tals, has been constructed and shown to 
be an appropriate complement to the 
basic OSEE apparatus for inspecting 
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Fatigue experiments can be run continuously under automated monitoring. 

Langley Research Center; Hampton, Virginia 
Figure 1 schematically illustrates 

part of a fatigue-testing system that 
includes an automated subsystem that 
continuously tracks the location of the 
fatigue-crack tip in a metal or other 
highly electrically conductive speci­
men. The fatigue-crack-tip-Iocating 
subsystem can also search the speci­
men to find the initial fatigue crack and 
its tip and to trace out hidden fatigue 
cracks and other flaws inside the 
specimen. 

The fatigue-crack-tip-Iocating sub­
system operates under the overall 
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control of a personal computer, which 
also controls the load frame that 
applies the prescribed cyclic stresses 
to the specimen. An electromagnetic 
flaw detector based on the eddy-cur­
rent principle is scanned over a sur­
face of the specimen by x- and y-axis 
stepping-motor drives controlled by 
the computer. [The electromagnetic 
flaw detector was described previously 
in "Electromagnetic Flaw Detector Is 
Easier To Use" (LAR-15046). NASA 
Tech Briefs, Vol. 18, NO.7 (July 1994), 
page 36. To recapitulate: the electro-

magnetic flaw I 
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Figure. 1. The Fatigue-Crack-TIp Locator is a subsystem of a fatigue-testing system. The 
probe IS scanned across the specimen to locate the tip of the fatigue crack. 

Hitachi's new KP-C571 Color Camera 
provides extraordinary performance in low light applications. 
The KP-C571 can automatically adjust for light levels from 
.05 lux to 100,000 lux using a combination of extended integra­
tion and automatic gain. With a 768 x494 pixel CCD and a 
special noise reduction circuit, the camera provides 470 TV 
lines of resolution with a 48dB signal to noise ratio. In addition 
to low light microscopy and inspection applications, the camera 
has found extensive use in highway and bridge surveillance. 
Call for a demonstration. 

Hitachi Denshi , Ltd. 
Hitachi Denshi America, Ltd. HITACHI 

A New York 516-921-7200 A Atianta 404-242-3636 A Chicago 708-250-8050 
A Los 31 0-328-6116 A Dallas 817-488-4528 A Canada 416-299-5900 

For More Infonnatlon Write In No. 411 

over the fatigue crack. 
When the probe is scanned along a 

crack, its output peaks at the crack tip. 
This is illustrated in the lower part of 
Figure 2, which is a plot of probe out­
put as a function of position on an alu­
minum-alloy plate speCimen with 
fatigue cracks emanating from a drilled 
central hole. The probe-output level 
rises sharply at the location of the hole 
and stays relatively constant around 
the circumference of the hole. The two 
fatigue cracks grown from the hole are 
easily detected as protrUSions from the 
otherwise circular pattem. In addition, 
the output level peaks at the outer 
tips of both fatigue cracks. Scanning 
outward along each crack, the output 
level falls sharply from the peak to the 
background level as the probe passes 
the crack tip. 

Thus, a computer peak-search rou­
tine is used to locate the tip of a 
growing crack. Thereafter, the position 
of the probe is incremented in the 
direction of crack growth, as deter­
mined by previous locations of the 
crack tip, and the scan is repeated until 
the new crack-tip location is found. 
After locating the new crack tip, the 
probe is moved a short distance back 
along the crack and the search repeat­
ed. By continuously reevaluating the 
path of the crack near the crack tip , 
crack-tip-Iocation errors caused by 
noise and crack branching are avoided. 

During a typical fatigue experiment, a 
fatigue crack grows to predetermined 
lengths at which load levels and/or 
other parameters of operation of 
the load frame must be adjusted. 
Inasmuch as the computer has traced 
the growth of the crack from initiation 
it can automatically adjust the load ~ 
frame controls when the crack reaches 
these predetermined lengths. 

Thus, the fatigue-crack-tip locating 
system provides for automated control 
and monitOring of fatigue experiments, 
saving time for researchers and 
enabling experiments to run unattend­
ed 24 hours a day. In addition, all infor­
mation on crack-tip trajectories and 
rates of growth of cracks is recorded 
automatically, so that researchers have 
access to more information than is 
available from conventional, nonauto­
mated monitOring. 

This work was done by Min 
Namkung and C. Gerald Clendenin of 
Langley Research Center, Buzz 
Wincheski, James P. Fulton, and 
Ronald G. Todhunter of Analytical 
Services and Materials, Inc., and John 
W. Simpson of Lockheed Engineering 
& Sciences Co. For further information 
write in 184 on the TSP Request 
Card. 
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Figure 2. The Probe Output peaks as the probe is scanned across 
two fatigue cracks, and the peak is highest at the tip of the crack. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed 
to the Patent Counsel, Langley Research Center [see page 
20]. Refer to LAR-15085. 

Preparation and Analysis of 
Specimens of Ablative 
Materials 
Inductively-coupled-plasma/atomic-emission 
spectroscopy is much faster than is atomic 
absorption spectroscopy. 

Marshall Space Flight Center, Alabama 
A procedure for chemical analysis of specimens of the 

silicone-based ablative thermal-insulation materials SLA-561 
and MA25 involves acid digestion of the specimens to prepare 
them for analysis by inductively-coupled-plasma/atomic-emis­
sion spectroscopy (ICP/AES) . In comparison with an older 
procedure in which atomic-absorption spectroscopy (AAS) 
was used, this procedure offers advantages including, primari­
ly, that ICP/AES is faster and more accurate than AAS is. The 
results of such analyses can be stored in a data base, used to 
trace variations in concentrations of chemical elements in 
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materials during long-term storage, and 
used in a timely manner in investiga­
tions of failures. The acid-digestion por­
tion of the procedure can be applied to 
other thermal-insulation materials that 
contain room-temperature-vulcanizing 
silicones and enables instrumental 
analysis of these materials. 

Super Ughtweight Ablator (SLA) is a 
composite of cured silicone resins highly 
filled with cork particles, small silica 
spheres, silica fibers, and phenolic 
microballoons. SLA is the primary abla­
tive material on the extemal tank of the 
Space Shuttle. MA25 is similar to SLA-
561 but does not contain cork or pheno­
lic microballoons. Previously, the prepa­
ration of specimens of these materials 
for analysis included ashing in a muffle 
fumace, ovemight cooling, and 10 h of 
acid digestion. The high temperatures 
involved in the ashing process some­
times caused loss of critical elements. 

The present acid-digestion process 

begins with the addition of 15 mL of 
fuming sulfuric acid to a 0.5-g specimen 
of SLA-561 or MA25 in a 125-mL 
polytetrafluoroethylene bottle. The bottle 
and the mixture of acid and specimen 
are heated for 2 h at 125°C; then the 
bottle is removed from the source of 
heat, and 5 mL of concentrated sulfuric 
acid are added. The bottle and mixture 
are then heated for approximately 1 h or 
until all solid particles are dissolved. The 
bottle is then removed from the source 
of heat and allowed to cool to ambient 
temperature. Five mL of concentrated 
nitric acid are added, and the bottle and 
its contents are heated again for 1 h at 
125°C, then removed from the source of 
heat and allowed to cool to ambient 
temperature. Next, 2 mL of 48 percent 
hydrofluoric acid is carefully added, and 
the bottle and its contents are heated 
until the contents become translucent; 
this takes about 2 h. The contents are 
then transferred to a 100-mL polytetra-

fluoroethylene volumetric flask and dilut­
ed to volume with demineralized water. 
The diluted contents are then analyzed 
by ICP/AES. 

ICP/AES is orders of magnitude faster 
than is MS. In addition, ICP/AES offers 
simultaneous determination of the rela­
tive concentrations of more than 40 ele­
ments, whereas with MS, only a single 
element can be analyzed at a time. Also 
ICP/AES offers much lower detection 
limits, an analytical range of three orders 
of magnitude, and limited matrix effects 
in comparison with MS. A single speci­
men of SLA-561 or MA25 can be ana­
lyzed by ICP/AES for 15 elements in less 
than 5 minutes; such an analysis by MS 
would take 2 days. 

This work was done by William C. 
Solomon of Martin Marietta Corp. for 
Marshall Space Flight Center. No fur­
ther documentation is available. 
MFS-28807 

Apparatus Regulates Temperature Between -170 and 100 °C 
Temperature pulses are smoothed out by thermal mass and mixing. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Figure 1 illustrates schematically an 
apparatus that provides a flow of nitro­
gen at a regulated temperature. It is 
deSigned to maintain the temperature of 
a laboratory instrument or a small envi­
ronmental test chamber within ±2 °c of 
a set point that lies between -170 and 
100 °C. In comparison with other cryo­
genic apparatuses that regulate tem­
peratures in the same range with similar 
precision, this one is relatively inexpen­
sive, in large part because it is made of 
commercially available items, including 
temperature-control circuits, standard 
plumbing parts, and stock materials. 

The present apparatus was preceded 
by one in which hot gaseous nitrogen 
and cold liquid nitrogen were alternately 
pulsed into a feed line. Frequently, this 
predecessor apparatus produced over­
cooling temperature excursions: even 
short pulses of liquid nitrogen often 
caused the temperature to fall below 
the set point by an unexpectedly large 
amount. The present apparatus also 
uses gaseous and liquid nitrogen, but 
incorporates several features that sup­
press large temperature fluctuations. 

The apparatus is fed from liquid- and 
gaseous-nitrogen manifolds. Thermo­
couples connected to the temperature­
control circuits measure temperatures 
at selected locations along the flow 
path of the outflowing nitrogen mixture 
and in the instrument that is to be main­
tained at the desired temperature. The 
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Figure 1. This Temperature-Control Apparatus mixes pulses of liquid nitrogen into smoothly 
flowing nitrogen gas to produce a flow of nitrogen gas at a controlled low temperature. 
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Figure 2. The Mixing Chamber provides 
turbulence, thermal mass, and thermal con· 
ductance to promote thermal and mechani­
cal mixing of the liquid and gaseous flows 
and thereby suppresses large transient 
deviations from the set-point temperature. 

flow of gaseous nitrogen is continuously 
measured and is manually adjustable. If 
the set-point temperature exceeds the 
ambient temperature, this gaseous flow 
is heated as necessary to raise the out­
flow temperature. If the set-point tem­
perature lies below the ambient temper­
ature, then pulses of liquid nitrogen are 
added as needed to lower the outflow 
temperature. 

An important part of the apparatus is 
a mixing vessel (see Figure 2) that is 
specially designed to satisfy the follow­
ing criteria: (1) It must be thermally mas­
sive enough to suppress the tempera­
ture excursions caused by pulsing the 
liquid nitrogen, but not so massive as to 
make the overall temperature-control 
feedback response unacceptably slug­
gish; (2) the thermal mass must be con­
figured for rapid transfer of heat from the 
gaseous to the liquid nitrogen; (3) the 
pressure drop in flow through the vessel 
must be acceptably small ; and (4) the 
vessel must be as simple and cheap as 
possible. 

The containment wall of the vessel is 
made from 3-in. (7.6-cm) copper pipe 
mounted in foam insulation. Flows of liq­
uid and gaseous nitrogen enter the ves­
sel through concentric copper tubes and 
first make contact with each other at the 
outlet of the inner concentric tube, part 
way down the outer concentric tube. 
The mixture emerges from the outer 
tube at the bottom of the vessel ; there, 
the mixture impinges on a bed of copper 
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wool, which enhances mixing by provid­
ing a combination of turbulence, thermal 
mass, and thermal conductivity. The 
mixture then flows back up, past a 
series of copper baffles, to an eccentric 
outlet at the top of the vessel. The baf­
fles provide additional thermal mass , 
and the holes in the baffles are posi ­
tioned to enforce a weaving flow pattem 
that enhances the transfer of heat 
between the flowing nitrogen and the 
copper thermal masses. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, NASA Resident 
Office-JPL {see page 20]. Refer to NPO-
18995. 

This work was done by Kenneth R. 
Johnson of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 255 on the TSP 
Request Card. 

M author's name was omitted from a bnef 

appearing In the Physical Sciences section of 

the October 1994 issue. The brief entitled 

"Measurement of Crossflow Vortex Structure,' 

which appeared on page 75, should have credo 

ited both Navel K. Agarwal of Analytical 

Services and Materials, Inc. and Dal. V. 
Maddelon of Langley Research Center. 
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Materials 

High-Performance Thermoelectric Semiconductors 
Figures of merit are almost double those of current state-of-the-art thermoelectric materials. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

IrSb3 is a semiconductor that has 
been found to exhibit exceptional ther­
moelectric properties . CoSb3 and 
RhSb3 have the same skutterudite crys­
tallographic structure as that of IrSb3, 
and they exhibit exceptional transport 
properties that are expected to con­
tribute to high thermoelectric perfor­
mance. These three compounds form 
solid solutions (alloys with compositions 
of Irl_X_yRhpoySb~. This combination 
of properties offers potential for the 
development of new high-performance 
thermoelectric materials for more effi­
cient thermoelectric power generators, 
coolers, and detectors. 

The dimensionless figure of merit for 
the thermoelectric performance of a 
material at a given temperature is called 
"zr and is given by 

S2T 
zr= ­

pI., 

where T is the absolute temperature, S 
is the Seebeck coefficient (the ratio 
between the electrical-potential and 
temperature gradients), p is the electrical 
resistivity, and A is the thermal conduc­
tivity. A combination of theoretical and 
experimental efforts has resulted in opti­
mization of p-type specimens of IrSb3. 
In particular, at a dopant concentration 
of 7xl018 cm-3, an experimental max­
imum zr of nearly 1.8 was observed at 
a temperature of about 350 °C: This is 
about 80 percent higher than the zr val­
ues of other p-type materials now in use 
(see figure). Even greater values of ZT 
are predicted for C01_x_yRhxlr ySb3 alloys 
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The Dimensionless Figure of Merit, ZT, as a function of temperature is plotted for 
optimized p-type IrSb3 and for other state-of-the-art p-type thermoelectric materials. 

because the thermal conductivities of 
these alloys are less than that of IrSb3. 

In one potential application, p-type 
IrSb3 stages would be incorporated, 
along with n-type Sio.SGeO.2• into a 
radioisotope thermoelectric generator 
that would operate in the temperature 
range of 200 to 900 °c. The combined 
thermoelectric properties of IrSb3 and 
SiO.8GeO.2 would yield an energy-con­
version efficiency of more than 13 per­
cent - about 70 percent higher than 
that of an existing radioisotope thermo­
electric generator that contains 
SiO.8GeO.2 (only). The increase in efficien­
cy would increase specific power of the 
generator from the present value of 5.6 
W/kg to more than lOW/kg. The 
enhanced thermoelectric performances 
of IrSb3 and the Ir1_x RhxCoySb3 alloys 
could also be utilized in other applica-

tions such as waste heat recovery sys­
tems. 

This work was done by Jean-Pierre 
Fleurial, Thierry Cail/at, and Alexander 
Borshchevsky of Caltech for NASA's 
Jet Propulsion Laboratory. For fur­
ther information, write in 126 on the 
TSP Request Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301-350 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Refer to NPO-19233, volume and num­
ber of this NASA Tech Briefs issue, and 
the page number. 

Phenylethynyl-Terminated Polyimides 
Molecular weights can be selected to obtain desirable properties. 
Langley Research Center, Hampton, Virginia 

Phenylethynyl-terminated polyimides 
exhibit properties that are suitable for 
films, moldings, adhesives, and compos­
ite-material matrices. These polyimides 
can be synthesized at various molecular 
weights, which can be selected to obtain 
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desirable properties for specific applica­
tions. 

Polyimides are condensation polymers 
that can be synthesized by various routes. 
The most popular route involves the re­
action of an aromatic dianhydride with an 

aromatic diamine to obtain a polyamide 
acid as an intermediate product. The 
polyamide acid is either thermally or 
chemically cyclodehydrated to form the 
polyimide, which has a repeat unit of the 
general type where Ar is a tetravalent 
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Complete access to over 1500 pages of up-to-the­
minute technical data is now available on-line on 
the Internet. 

Internet users worldwide can navigate within GE 
Plastics' WorldWideWeb address, www.ge.com.to 
access: 

Global Resources Guide. A quick reference to 
GE products, services, technical support and world­
wide offices. 

Product Properties Guides. Individual properties and 
performance criteria for each GE engineering resin. 

Design Guides. Detailed design criteria and sugges­
tions for over 10 resin families. 

Processing Guides. Parameters and procedures for 
molding and finishing processes. 

Application Information. The latest press announce­
ments and customer application case studies 
and photographs. 

All available data can be downloaded or printed. 
For more information on GE Plastics'on-line 

interactive system and customized software for sim­
plified access, call today, 1-800-845-0600. 

• 
GEPlastics 

For More Information Write In No. 514 

Internet users can navigate through 
1500 pages of engineering thermoplas­
tics technical data by accessing the 
Gf system at www.ge.com 
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3-or4-APEB Aromatic 
Diamine 

Aromatic 
Dianhydride at m -Cresol and ReflUX! 

1950C Isoquinoline 

A Phenylethynyl-Terminated Polyimide is synthesized by reaction of an aromatic diamine with an aromatic dianhydride, along with 3- or 4-
APES, which reacts with the other ingredients to end-cap the oligomers. 

aromatic radical and Ar' is a divalent aromatic radical. A 
phenylethynyl-terminated polyimide is synthesized similarly, 
except that 3- or 4-aminophenoxy-4'-phenylethynylbenzophe­
none (3- or 4-APEB) is added to the other ingredients to end-cap 
the oligomers. The average molecular weight of the 
phenylethynyl-terminated polyimide can be obtained at any value 
within a wide range (about 500 to about 20,000 g/mole) by for-

Low cost, compact controller operates on feedback 
from heating element - no sensor required! • Regulates 

up to 3 A at 4.5 to 60 VDC • Adjustable setpoint 
• Solid state design. Wire leads or circuit board mount 

Accurate temperature control with minimal space 
requirements & power consumption. LCD's. Vehicular 
electronics. Medical devices. Miniature components: 
Crystals, inkjet printheads, lasers. Scientific apparatus 

MINCO PRODUCTS,INC. 
7300 Commerce Lane - Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121- FAX: (612) 571-0927 
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mulating the reaction mixture to include calculated, slightly 
unequal amounts of the monomers (the aromatic dianhydride 
and the aromatic diamine) and an appropriate amount of 3- or 4-
APEB. 

Prior to curing, low-molecular-weight phenylethynyl-terminated 
polyimides have low melt viscosities and can readily be 
processed into composites and adhesive bonds. When cured, 
phenylethynyl-terminated polyimides of different molecular 
weights display different properties. For example, low-molecular­
weight phenylethynyl-terminated polyimides exhibit cross-link 
densities greater than those of high-molecular-weight 
phenylethynyl-terminated polyimides. High cross-link density 
normally results in greater resistance to solvents, higher modulus 
of elasticity, better high-temperature properties, and lower tough­
ness than do low cross-link-density materials. Thus, the 
polymers can be designed to have the proper combination of 
properties for the desired application by controlling their molecu­
lar weights. 

Unlike linear polyimides, phenylethynyl-terminated polyimides 
can be thermally cured to form cross-linked molecular structures 
typically increasing resistance to solvents, glass-transition tem­
peratures, and moduli of elasticity. The advantage of phenyl­
ethynyl-terminated polyimides over polyimides containing pen­
dent ethynyl groups is that the phenylethynyl-terminated pol­
yimides can have low molecular weights and, therefore, low melt 
viscosities for easier processing into composites and adhesive 
bonds. The cross-link densities of phenylethynyl-terminated poly­
imides can be varied by changing the molecular weights of the 
oligomers. The low-molecular-weight versions (-< 6,000 g/mole) 
typically form brittle films, while the higher-molecular-weight 
versions (-> 6,000 g/mole) can form tough, creasible films. 
Furthermore, the cross-link densities of the cured phenylethynyl­
terminated polyimides are chosen by selection of the molecular 
weights; low molecular weights lead to high cross-link densities. 

The advantage of phenylethynyl-terminated polyimides over 
ethynyl-terminated polyimides is the higher reaction temperature 
of the phenylethynyl group compared to the ethynyl group. The 
phenylethynyl group begins to react at a temperature about 
350°C, compared to about 200°C for the ethynyl group. This 
higher reaction temperature provides a larger temperature range 
to melt-process these polymers, whereas ethynyl-terminated 
polymers begin to react and, therefore, are either not melt 
processible or have a very small temperature range for melt 
processing. Most polyimides have glass-transition temperatures 
greater than 200°C, so that there is virtually no or a very narrow 
temperature range of melt processibility for ethynyl-terminated 
polyimides. 

This work was done by Brian J. Jensen, Robert G. Bryant, and 
Paul M. Hergenrother of Langley Research Center. For further 
information, write in 58 on the TSP Request Card. LAR-15045 
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Aromatic Polyimides With 
Low Dielectric Constants 
These polyimides are also highly transparent. 

Langley Research Center, Hampton, Virginia 
An effort to develop improved dielectric film and coating 

materials has yielded linear aromatic polyimides that contain 
dimethylsilane linkages in the dian hydride portions of the mole­
cules and at least one trifluoromethyl group in each of the 
diamine portions. Uke other polyimides, these offer advantages 
of thermal stability, low density, resistance to ionizing radiation, 
toughness, and flexibility. In comparison with other polyimides 
that are now commercially available, these polyimides exhibit 
lower dielectric constants, which are advantageous as dielectric 
films in electronic circuits. Also in comparison with commercial 
polyimides (which are generally bright yellow), these polyimides 
are nearly transparent and colorless - an advantage in protec­
tive coating of solar photovoltaic celis, optical components, and 
antennas. 

! Room Temperature 
Amide Solvent 

t7 ~ C~3 ~ ~ t N-C Si C-N-Ar 
~~:"©r Polyamic Acid 

HO-C 3 C-OH 
II II o 0 n 

! Thermal Cure, 
250 to 300 · C 

to~r~o t NyQ;C 113~N-Ar 
cf CH3 0 Polyimlde 

n 

Notes: 1. 5 S n S 100 

2. Ar denotes -@-0-@-C(CF3h-@-0-@-, 

©-0-@-C(CF3h-@-0-@ , 
CF3 

-@-C(CF3h-@- , or A . 
A Linear Polylmlde With a Low Dielectric Constant is synthe­
sized in reactions that incorporate dimethylsilane linkages in the 
dian hydride portions and at least one trifluoromethyl group in the 
diamine portions. 

The synthesis of a polyimide of this type (see figure) begins 
with a polymer-grade dianhydride that contains dimethylsilane 
(SiDA) and an equimolar quantity of a polymer-grade aromatic 
diamine that contains a trifluoromethyl group. These two ingre­
dients are combined in an amide solvent, and the mixture is 
stirred at room temperature in a closed vessel until a high-mole­
cular-weight polyamic acid is formed. The solution of polyamide 
acid in solvent is applied to a substrate to form a thin surface 
film, which is then thermally converted to the polyimide by heat­
ing it to a temperature between 250 and 300 ae. 

The table shows some of the properties of representative 
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polymers of this type, along with the 
corresponding properties of the commer­
cial polyimide film Kapton H®. The silicon 
and fluorine atoms incorporated into 
these polyimides yield significantly lower 
dielectric constants. These polyimides are 
also significantly clearer, as shown in 
spectroscopic measurements on film 
specimens 0.5 mil (about 13 ~m) thick at 
a wavelength of 500 nm. Each of the 
specimens of these polyimides was 
found to be at least 90 percent transpar­
ent, while the Kapton® specimen was 
found to be only 30 percent transparent. 

This work was done by Anne K. St. 
Clair and Terry L. Sf. Clair of Langley 
Research Center and J. Richard Pratt 
of PRC Kentron. For further information, 
write in 271 on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,093,453). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Langley Research 
Center [see page 20]. Refer to LAR-
14198. 

Abbreviated Diamine Physical Dielectric 
Name of Polymer Ar Appearance Constant 

(1 mil Thick) at 10GHz 

SiDA + 4, 4'-6F -@-C(CF~2-@- Essentially 2.64 
Colorless 

SiDA + 4-BDAF -@-O-@-C(CF~2-@-O-@- Very Pale 
Yellow 

2.56 

SiDA + 3-BDAF -@-O-@-C(CF~2-@-O-@- Pale Yellowl 
Colorless 

2.66 

CF3 

SiDA+ DABTF h Pale Yellowl 2.75 
Colorless 

Kaptonte Bright Yellow 3.20 

Dielectric Constants of polyimides like those illustrated generically in Figure 1 tend to range 
approximately from 2.5 to about 2.8, whereas those of older commercial polyimides tend to 
range approximately from 3.2 to 4.0, exact values depending on moisture contents. 

Stable, Electroinactive Wetting Agent for Fuel Cells 
Perfluorooctanesulfonic acid can be used with gas-diffusion electrodes in liquid-feed fuel celis. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Straight-chain perfluorooctane­
sulfonic acid (Ca acid) has been identi­
fied as an innocuous and stable wetting 
agent for use with polytetrafluoroethyl­
ene-containing electrodes in liquid-feed 
direct-oxidation fuel cells like those 
suggested for use in vehicles and 
portable power supplies. Ca acid in 
small concentrations (0.001 to 0.1 M) in 
aqueous liquid solutions of methanol, 
trimethoxymethane, dimethoxymeth­
ane, and trioxane enables the oxidation 
of these substances by use of commer­
cially available electrodes of the type 
designed originally for use with gases. 
This useful function is specific to the Ca 
acid molecule and is not achieved by 
other related perfluoroalkanesulfonic 
acids. 

Electrodes used in fuel cells usually 
include metal catalyst powders that are 
either unsupported or supported by 
carbon and are mixed with polytetraflu­
oroethylene (which serves as a binder) 
and applied to polytetrafluoroethylene­
containing carbon-paper substrates. 
Electrodes of this type that contain 15 
to 50 percent of polytetrafluoroethylene 
are commercially available and are used 
in hydrogen/oxygen fuel cells in which 
the fuel and oxidant are supplied as 
gases. The large quantities of polytetra-

56 

fluoroethylene in these cells are essen­
tial to the creation of uniform thin layers 
of the electrocatalysts on the sub­
strates. When aqueous solutions of 
methanol and other water-soluble oxy­
genates are used in liquid-feed direct­
oxidation fuel cells, the commercially 
available fuel-cell electrodes are unsuit­
able because they are not wetted ade­
quately by the fuel solutions. A wetting 
agent is necessary so that the elec­
troactive materials will make the good 
contact with the electrode, as is neces­
sary for oxidation of the fuels in the 
solutions. The wetting agent of choice 
must decrease the interfacial tension 
without hindering the desired oxidation 
reaction by being specifically adsorbed 
on the electrodes. 

The adsorption behavior of Ca acid 
has been studied by cyclic voltammetry 
in sulfuric acid aqueous solutions with 
platinum electrodes. The double-layer 
capacitance of the PVsulfuric acid inter­
face, as determined from the slope of 
the current-scan-rate plot in the elec­
tric-potential range of 0.4 to 0.6 V, is 
not affected by the presence of Ca acid, 
as can be seen in Figure 1. The 
absence of any new peaks in the cyclic 
voltammogram shows that Ca acid is 
not electroactive and that it is stable to 

7r-~--~--~--~--__ ~ 

6 PtlO.5 M Sulfuric Acid, 25 °C 

5 

o 

-1~~~~--~--~--~~ 
o 100 200 300 400 500 600 

Scan Rate, mVls 

Figure 1. The Slopes of These Plots, 
which are derived from cyclic voltammo­
grams, are proportional to the double-layer 
capacitance of the Ptlsulfuric acid interface. 

electro-oxidation in the potential range 
of 0.0 to -1.30 V vs. NHE. The cyclic 
voltammograms for PVsulfuric acid in 
methanolic solutions with and without 
Ca acid show that the kinetics of 
oxidation of methanol at the platinum 
electrode are unaffected by the pres­
ence of Ca acid. The non adsorbing 
nature of the perfluorooctanesulfonic 
acid anion is due to its low nucleophilici­
ty and the strong electron-withdrawing 
nature of the fluorine substituents. 
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The wetting action of Ca acid has 
been demonstrated in half-cell experi­
ments in which polytetrafluoroethylene­
containing, high-surface-area, carbon­
supported platinum and platinum-alloy 
electrodes were used. Figure 2 shows 
the effect of the concentration of Ca acid 
on the kinetics of the oxidation of 
methanol at Pt/Sn electrodes in sulfuric 
acid electrolyte . The oxidation of 
methanol has also been carried out in 
0.1 M pure Ca acid solutions (no sulfuric 

~ 
With 0.01 M Ca Acid 

0.1 10 

Current Density, mAlcm2 

acid), and the polarization curves 
indicate that the kinetics are unaffected 
by the presence of the perfluorooctane­
sulfonate ion. 

This work was done by Surya G. 
Prakash, George A. Olah, Sekharipuram 
R. Narayanan, Subbarao Surampudi, 
and Gerald Halpert of Ca/tech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 262 on 
the TSP Request Card. 

In accordance with Public Law 96-

100 

Figure 2. The 
Wetting Action of 
perfluorooctanesul­
fonic acid is indi­
cated by the reduc-
tion of polarization 
during the electro­
oxidation of 
methanol. 

517, the contractor has elected to retain 
title to this invention. Inquiries concern­
ing rights for its commercial use should 
be addressed to 

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301-350 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Refer to NPO-19227, volume and num­
ber of this NASA Tech Briefs issue, and 
the page number. 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC, NASA'S Computer Software Management and Information Center, distributes soft­

ware developed with NASA funding to industry, other govemment agencies and academia. 
COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs.For addi­

tional information on any of the programs described here, write in the appropriate TSP number. 
If you don't find a program in this issue that meets your needs, call COSMIC directly for a free 

review of programs in your area of Interest. You can also purchase the annual COSMIC Software 
Catalog, oontaining descriptions and ordering information for available software. 

COSMIC is part of NASA's Technology Transfer Network. 

Computer Programs 
These programs may be obtained at a very 
reasonable cost from COSMIC, a facility spon­
sored by NASA to make computer programs 
available to the public. For information on pro­
gram price, size, and availability, write in the 
reference number on the TSP and COSMIC 
Request card in this issue. 

Mathematics and 
Infonnation Sciences 

Decision-Tree Program 
INO offers capabilities 
useful to both nonexpert and 
expert users. 

A common approach to supervised 
classification and prediction in artificial 
intelligence and statistical pattern recog­
nition involves the use of decision trees. 
A tree is "grown" from data by use of a 
recursive partitioning algorithm. The tree 
thus created yields good predictions of 
classes on new data. Standard algo­
rithms are CART (by Breiman, 
Friedman, Olshen, and Stone) and 103 
and its successor C4 (by Quinlan). In 
addition to reimplementing parts of 
these algorithms and offering experi­
mental control suites, the INO computer 
program also introduces Bayesian and 
Markov/ maximum-likelihood (MML) 
methods and more-sophisticated meth­
ods of searching in growing trees . 
These methods produce more-accurate 
class-probability estimates that are 
important in applications like diagnosis. 

INO is applicable to most sets of data 
that consist of independent instances, 
each described by a fixed-length vector 
of attribute values. An attribute value 
can be a number or one of a set of 
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attribute-specific symbols, or it can be 
omitted. One of the attributes is 
delegated the "target," and INO grows 
trees to predict the target. Prediction 
can then be done on new data, or 
the decision tree can be printed out for 
inspection. 

INO provides a range of features and 
styles with convenience for the casual 
user as well as fine-tuning for the 
advanced user or for those interested in 
research. INO can be operated in a 
CART-like mode (but without regression 
trees, surrogate splits, or multivariate 
splits) , and in a mode like that of the 
early version of C4. Advanced features 
enable more-extensive search, interac­
tive control and display of growth 
of trees, and Bayesian and MML 
algorithms for pruning and smoothing 
of trees. These features often pro­
duce more-accurate class-probability 
estimates at the leaves. INO also 
includes a comprehensive experimental 
control suite. 

INO consists of four basic kinds of 
routines: data-manipulation routines, 
tree-generation routines, tree-testing 
routines, and tree-display routines. The 
data-manipulation routines are used to 
partition a single large set of data into 
smaller training and test sets. The gener­
ation routines are used to build classi­
fiers. The test routines are used to 
evaluate classifiers and to classify data 
by use of classifiers. The display routines 
are used to display classifiers in various 
formats. 

INO is written in C language for Sun4-
series computers. It consists of several 
programs with controlling shell scripts. 
Extensive UNIX man entries are includ­
ed. INO is designed to be used on any 
UNIX system, although it has been 
tested thoroughly on Sun computers 
only. The standard distribution medium 
for INO is a O.25-in. (6.35-mm) stream­
ing-magnetic-tape cartridge in UNIX tar 

COSMlc®-
John A Gibson, Director 
Phone (706) 542-3265; 

FAA (706) 542-4807 
The University of Georgia, 

382 East Broad Street, 
Athens, Georgia 30602 

format. An electronic copy of the docu­
mentation in PostScript format is includ­
ed on the distribution medium. INO was 
developed in 1992. 

This program was written by Wray 
Buntine of Ames Research Center. 
For further information, write in 28 on 
the TSP Request Card. ARC-13188 

~ Mechanics 

Conversion of Classical 
Orbital Elements 
OSMEAN converts mean to 
osculating elements or vice 
versa. 

OSMEAN is a sophisticated FORTRAN 
program that converts between osculat­
ing and mean classical orbital elements. 
Mean orbital elements are advantageous 
for designing trajectories and planning 
maneuvers because they can be propa­
gated very quickly. However, mean ele­
ments cannot describe the exact orbit at 
any given time . Osculating elements 
enable an engineer to give an exact 
description of an orbit, but the cost of 
computational is significantly greater 
because of the numerical integration pro­
cedure required for propagation. 

By calculating accurate conversions 
between osculating and mean orbital ele­
ments, OSMEAN enables the engineer to 
exploit the advantages of each approach 
for the design and planning or orbital tra­
jectories and maneuvers. OSMEAN can 
convert mean elements to osculating ele­
ments or vice-versa. The conversion is 
based on mathematical modeling of all 
first-order aspherical terrestrial, lunar, 
and solar gravitational perturbations plus 
a second-order aspherical term based 
on the second-degree central-body 
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zonal perturbation. 
OSMEAN is written in FORTRAN 77 

for HP 9000-series computers running 
HP-UX (NPO-18796) and DEC 
VAX-series computer running VMS 
(NPO-18741). The HP version requires 
388K of random-access memory for 
execution, and the DEC VAX version 
requires 254K of random-access memo­
ry for execution. Sample input and out­
put are listed in the documentation. 
Sample input is also provided on the 
distribution medium. The standard distri­
bution medium for the HP 90OD-series 
version is a 0.25-in. (6.35-mm) stream­
ing-magnetic-tape cartridge in UNIX tar 
format. This version is also available on a 
0.25-in. (6.35-mm) streaming-magnetic­
tape cartridge in IOTAMAT format or on 
a 3.5-in. (8.89-cm) diskette in UNIX tar 
format. The standard distribution 
medium for the DEC VAX BACKUP for­
mat. It is also available on a TK50 tape 
cartridge in DEC VAX BACKUP format. 
OSMEAN was developed on a VAX 6410 
computer in 1989 and was ported to the 
HP 9000-series computers in 1991. It is 
a copyrighted work with all copyright 
vested in NASA. 

HP 9000 and HP-UX are trademarks 
of Hewlett-Packard Co. DEC VAX and 
VMS are trademarks of Digital Equipment 
Corp. UNIX is a trademark of AT&T. 

This program was written by Joseph 
R. Guinn, Ramachand S. Bhat, Mark A. 
Vincent, and Alexander S. Konop/iv of 
Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 39 on the TSP Request Card. 
NPO-18741118796. 

Composite-Plate-Buckling 
Analysis Program 

High-order displacement 
functions are used instead of 
traditional finite-element 
analysis. 

The Composite-Plate-Buckling Analy­
sis Program (COMPPAP) was written to 
help engineers determine buckling loads 
of orthotropic or isotropic irregularly 
shaped plates without need to perform 
manual calculations and without exten­
sive finite-element mathematical model­
ing. COMPPAP is a one-element finite­
element program that utilizes high-order 
displacement functions to perform a 
plane-stress analysis of a general plate 
followed by a buckling calculation based 
on the stresses found in the plane-stress 
solution. The high order of the displace­
ment functions enables the user to 
obtain results more accurate than those 
obtained by use of traditional h-version 
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finite elements. In the current version of 
COMPPAP, the plate is flat, of uniform 
thickness, and subject to a constant nor­
mal or shear load on one or more edges. 

COMPPAP uses the power method to 
find the eigenvalues of the buckling prob­
lem. The power method provides an effi­
cient solution when only one eigenvalue is 
desired. Once the eigenvalue is found, 
the eigenvector, which corresponds to 
the shape of the plate buckling mode, is 
obtained as a by-product. A positive 
feature of the power method is that the 
dominant eigenvalue is the first one 
found; in this case, the dominant eigen­
value is related to the lowest buckling 
load. 

COMPPAP is written in ANSI FOR­
TRAN 77. Two machine versions are 
available from COSMIC: a version (MSC-
22428, this article) for computers of the 
IBM PC 386 and higher series and for 
compatible computers; and a UNIX ver­
sion (MSC-22286). The distribution medi­
um for both machine versions includes 
source code for both single- and double­
precision versions. The PC version 
includes source code that has been opti­
mized for implementation within DOS 
memory constraints as well as sample 
executable codes for both the single- and 
double-precision versions. The double­
precision versions have been successfully 
implemented on an IBM PC 386- com­
patible computer running MS-DOS, a 
Sun4-series computer running SunOS, 
an HP-9000 series computer running 
HP-UX, and a CRAY X-MP computer 
running UNICOS. 

COMPPAP requires 1 MB of random­
access memory and the BLAS and UN­
PACK math libraries, which are included 
on the distribution medium. The COMP­
PAP documentation provides instructions 
for using the commercial post-processing 
package PATRAN for graphical inter­
pretation of COMPPAP output. The UNIX 
version includes two electronic versions 
of the documentation: one in LATEX for­
mat and one in PostScript format. The 
standard distribution medium for the PC 
version is a 5.25-in. (13.335-cm), 1.2MB 
MS-DOS-format diskette. The standard 
distribution medium for the UNIX version 
(MSC-22286) is a 0.25-in . (6.35-mm) 
streaming-magnetic-tape cartridge (Sun 
QIC-24) in UNIX tar format. For the UNIX 
version, alternate distribution media and 
formats are available upon request. 
COMPPAP was developed in 1992. 

This program was written by James P. 
Smith of Johnson Space Center. 

For further information on MSC-22428, 
write in 203 on the TSP Request Card. 

For further information on MSC-22286, 
write in 204 on the TSP Request Card. 
MSC-22428/MSC-22286 

Computing Satellite 
Maneuvers for a Repeating 
Ground Track 
Mathematical models account 
for all significant perturbations 
of the trajectory. 

The TOPEX/POSEIDON Ground 
Track Maintenance Maneuver Targeting 
Program (GT ARG) was developed to 
assist in designing maneuvers to main­
tain the orbit of the TOPEX/POSEIDON 
satellite. These maneuvers ensure that 
the ground track is kept within 1 km of a 
pattern that repeats exactly at intervals 
of approximately 9.9 days. Targeting 
strategies used by GTARG either maxi­
mize the time between maneuvers (lon­
gitude targeting) or force control band 
exit to occur at specified intervals (time 
targeting) . A runout mode allows for 
ground-track propagation without tar­
geting. 

GT ARG incorporates an analytic 
mean-element propagation algorithm 
that accounts for all perturbations that 
are known to cause significant variations 
in the ground track. These perturbations 
include the oblateness of the Earth, luni­
solar gravitation, drag, thrusts associat­
ed with impulsive maneuvers, and 
unspecified fixed forces acting on the 
satellite in the direction along the trajec­
tory. 

The geopotential field is computed in 
GTARG by use of Merson's extension of 
Grove's theory. Kaula's disturbing func­
tion is used to include the luni-solar 
gravitational perturbations . GTARG 
includes a mathematical model of drag, 
unique to the satellite, that incorporates 
an approximate mean orbital Jacchia­
Roberts atmosphere and a variable 
mean area model. Mathematical models 
of errors account for uncertainties in 
determination of orbits, errors in execu­
tion of maneuvers, unpredictability of 
drag, and use of the knowledge of fixed 
forces along the trajectory. Changes in 
velocity during maneuvers are targeted 
to maintain precisely either the unbiased 
ground track or a comfortable (three­
standard-deviation) error envelope about 
the unbiased ground track. 

GTARG is written in VAX-FORTRAN 
for DEC VAX computers running VMS. 
GTARG output is provided in two forms: 
an executive report summary in tabular 
form , and a plot file formatted as 
EZPLOT input namelists. Although the 
EZPLOT program and documentation 
are included with GTARG, EZPLOT 
requires PGPLOT, which was written by 
the Astronomy Department of the 
California Institute of Technology and is 
not available through COSMIC. GTARG 
users without access to PGPLOT may 
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therefore want to use a standard spread­
sheet program to produce plots of the 
tabular ground-track data stored in the 
executive report summary. Alternatively, 
with the help of information found in the 
GTARG User's Reference Manual, the 
user can write a graphical interpreter 
program of his or her choice. The stan­
dard medium for distribution of GTARG 
is a 1,600-bitlin. (-=630-bitlcm), 9-track 
magnetic tape in DEC VAX BACKUP for­
mat. It is also available on a TK50 tape 
cartridge in DEC VAX BACKUP format. 
GTARG was developed in 1993 and is a 
copyrighted work with all copyright vest­
ed in NASA. 

This program was written by Bruce 
Shapiro of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 233 on the TSP 
Request Card. NPO-19257 

• Materials 

Programs for Predicting 
Fatigue and Creep-Fatigue 
Resistances 
Software characterizes 
behavior and predicts life of 
metallic materials in high-tem­
perature, long-life regime. 

TS-SRP/PACK is a set of computer 
programs for characterizing and predict­
ing fatigue and creep-fatigue resistances 
of metallic materials under isothermal 
and non isothermal fatigue conditions in 
the high-temperature, long-life regime. 
The programs implement the total-strain 
version of the strainrange-partitioning 
(TS-SRP) method. 

The user should be thoroughly familiar 
with the TS-SRP method before 
attempting to use any of these pro­
grams. The document for this program 
includes a theory manual as well as a 
detailed user's manual with a tutorial 
part to guide the user in the proper use 
ofTS-SRP. 

An extensive data base has also been 
developed in a parallel effort. This data 
base is an excellent source of high-tem­
perature, creep-fatigue test data and 
can be used with other life-prediction 
computer codes as well. 

Five programs are included in TS­
SRPI PACK along with the alloy data 
base. The TABLE program is used to 
print the sets of data (which are supplied 
in NAMELIST format), in a format that is 
easier to read. INDATA is used to create 
new sets of data or add to existing ones. 
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The FAIL program is used to characterize 
the failure behavior of an alloy as given 
by the constants in the strain range-life 
relations used in the TS-SRP method 
and the inelastic-strain range-based ver­
sion of the SRP method. The program 
FLOW is used to characterize the flow 
behavior (the constitutive response) of an 
alloy as given by the constants in the 
flow equations used in the TS-SRP 
method. Finally, LIFE predicts the life of a 
specified cycle, using the constants that 
characterize failure and flow behavior 
determined by FAIL and FLOW. LIFE is 
written in interpretive BASIC to avoid 
compiling and linking every time the con­
stants in the equations are changed. 

Four out of five programs in this pack­
age are written in FORTRAN 77 for IBM 
PC-series and compatible computers 
running MS-DOS and are designed to 
read data by use of the NAMELIST for­
mat statement. The fifth is written in 
BASIC version 3.0 for IBM PC-series and 
compatible computers running MS-DOS 
version 3.10. The executable codes 
require at least 239K of memory and 
DOS 3.1 or higher. To compile the 
source code, a Lahey FORTRAN compil­
er is required. Modifications of the source 
will be necessary if the compiler to be 
used does not support NAMELIST input. 

Probably the easiest revision to make is 
to use a list-directed READ statement. 
The standard distribution medium for this 
program is a set of two 5.25-in. (13.34-
cm) 360K MS-DOS-format diskettes. 
The contents of the diskettes are com­
pressed by use of the PKWARE archiv­
ing software tools. The utility software to 
unarchive the files, PKUNZIP.EXE, is 
included. TS-SRPI PACK was developed 
in 1992. 

This program was written by J. F. 
Saltsman of Lewis Research Center. 
For further information, write in 97 on 
the TSP Request Card. LEW-15653 

Program for Analysis of 
Metal-Matrix Composites 
METCAN simulates nonlinear 
behaviors of composites and 
their constituents. 

High-temperature metal-matrix com­
posites offer great potential for use in 
advanced aerospace structures. The 
realization of this potential, however, 
requires concurrent developments in (1) 
technology for fabrication of high-tem­
perature metal-matrix composite struc­
tural components, (2) experimental 
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techniques for measuring their thermal 
and mechanical characteristics, and (3) 
computational methods to predict their 
behavior. METCAN (METal matrix 
Composite ANalyzer) is a computer pro­
gram developed to predict this behavior. 
METCAN can be used to simulate com­
putationally the nonlinear behavior of 
high-temperature metal-matrix compos­
ite structural components in specific 
applications, providing comprehensive 
analyses of thermal and mechanical per­
formances. 

METCAN treats nonlinearity of a com­
posite material at the constituent (fiber, 
matrix, and interphase) level, where the 
behavior of each constituent is modeled, 
accounting for the dependences among 
time, temperature, and stresses. The 
properties of the composite are synthe­
sized from the instantaneous properties 
of the constituents by making use of 
composite micromechanics and macro­
mechanics. Factors that affect the 
behavior of the properties of the com­
posite include the variables of the fabri­
cation process, the properties of the 
fiber and matrix, the bonding between 
the fibers and matrix, and/or the proper­
ties of the interphase between the fiber 
and matrix. 

A METCAN simulation is performed as 
a pointwise analysis and produces com­
posite properties that are readily incor­
porated into a finite-element code to 
perform a global structural analysis. After 
one iteration of the global structural 
analysis has been performed, METCAN 
decomposes the properties of the com­
posite back into the localized responses 
at the various levels of the simulation. 
Then the properties of the constituents 
are updated, and the next iteration in the 
analysis is initiated. This cyclic proce­
dure is an instance of the integrated 
approach to analysis of metal-matrix 
composites. 

METCAN-PC is written in FORTRAN 
77 for IBM PC-series and compatible 
computers running MS-DOS. An 80286 
machine with an 80287 math coproces­
sor is required for execution . The exe­
cutable code requires at least 640K of 
random-access memory and DOS 3.1 
or higher. The package includes sample 
executable codes that were compiled 
under Microsoft FORTRAN v. 5.1. The 
standard distribution medium for this 
program is one 5.25-in . (13.34-cm), 
360K MS-DOS-format diskette . The 
contents of the diskette are compressed 
by use of the PKWARE archiving soft­
ware tools. The utility software to unar­
chive the files, PKUNZIP.EXE, is includ­
ed. METCAN-PC was developed in 
1992. 

This program was written by P. L. N. 
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Murthy of Lewis Research Center and 
S. K. Mital of the University of Toledo. 
For further information, write in 75 on 
the TSP Request Card. LEW-1571 1 

Physical Sciences 

Program Computes 
Dendrite-Settling Velocities 
This program is based on 
empirical relationships among 
velocity, physical properties 
and shape. 

The motion and gravitational settling 
of free floating crystals and grain frag­
ments can cause macrosegregation 
and can influence the structure of metal 
castings. An understanding of how the 
highly nonspherical shape of a metal 
crystal influences its positioning charac­
teristics is needed to predict the struc­
ture and segregation in castings. The 
empirical results of previous studies 
have been used to develop the DEN­
DRIFT computer code, which calculates 
the settling velocities of metal-alloy crys­
tals of various shapes. DEN DRIFT also 
calculates a number of other parame­
ters of interest such as the volume and 
surface area of a dendrite. The program 
requires, as input, the physical proper­
ties of the material system, and some 
geometric parameters of the dendrite 
under consideration, such as the aver­
age radius of the primary arm. 

DEN DRIFT exploits the concept of an 
envelope around the dendrite to enable 
the calculation of an effective sphericity. 
In comparison with results of an experi­
mental study of model dendrites, the 
settling velocities predicted by the code 
were found to be, on average, within 5 
percent of measured values. The pre­
dictions of the code were also found to 
be consistent and in good agreement 
with results of three other experimental 
investigations. Thus, incorporation into 
the code of the empirical relationships 
among velocity, sphericity, and enve­
lope permeability appear valid , as do 
wall and inertial correction factors devel­
oped for this code. In its current form, 
DENDRIFT does not account for gradi­
ents in composition or density, interac­
tions between particles, tertiary dendrite 
arms, or the possible influences of off­
axis (tilted) dendrite settling. 

This program can also be used to 
est imate the settl ing veloc ities of 
spheres and cylinders with hemispheri-

cal ends. The code can be useful as a 
subprogram in a comprehensive solidifi­
cat ion/ cast ing code . The concepts 
demonstrated in DEN DRIFT may also be 
widely applicable in the chemical-pro­
cessing industry by helping to describe 
the settling or floating of precipitates and 
flocs. 

DENDRIFT is written in FORTRAN 77 
for IBM PC-series and compatible com­
puters running MS-DOS 3.0 or later and 
has been successfu lly implemented 
using Lahey v5.01-EM32. For execution, 
it requires 80K of random-access mem­
ory and an 80286, 80386, or 80486 
processor. Sample input and output files 
and a sample DOS executable code are 
included with the distribution medium. 
The standard distribution medium for 
this program is one 5.25-in. (13.335-
cm), 360K MS-DOS-format diskette. 
DEN DRIFT was developed in 1992. 

This program was written by Henry de 
Groh, III, of Lewis Research Center; 
Patrick Weidman and Riad Zakhem of 
the Univers ity of Colorado; and 
Christopher Beckerman and Sandeep 
Ahuja of the University of Iowa. For fur­
ther information, write in 225 on the 
TSP Request Card. LEW-15751 

Program Gives Data on 
Physical Properties of 
Hydrogen 
TAB II provides values of ther­
modynamic and transport 
properties. 

The TAB II computer program pro­
vides values of thermodynamic and 
transport properties of hydrogen in a 
useful format. In many problems, the 
properties have to be evaluated at 
numerous thermodynamic state points. 
TAB II provides these values for equilib­
rium hydrogen and para-hydrogen. The 
program is fast, moderately accurate, 
and operates over wide ranges of input 
variables. 

For input, TAB II requires either one of 
two pairs of variables; (1) pressure and 
temperature or (2) pressure and 
enthalpy. The program covers (1) the 
pressure range from 1 to 5,000 pSia 
(about 7 kPa to about 34 MPa) and the 
temperature range from the triple point 
to 6,000 R (about 3,300 K) or (2) 
enthalpies from about -130 Btullb (-623 
J/ mole) to about 25 ,000 Btu/lb 
(117 ,000 J/ mole) . Output variables 
include enthalpy or temperature, densi­
ty, entropy, thermal conductivity, viscos­
ity, speed of sound , heat capacity at 
constant pressure , heat capacity at 
constant volume, the ratio between the 

NASA Tech Briefs, December 1994 



heat capacity at constant pressure and 
the heat capacity at constant volume, 
and a heat-transfer parameter. Values of 
properties on the liquid and vapor bound­
aries are conveniently obtained through 
two small routines. TAB II achieves rapid 
output by use of linear interpolation in a 
grid of precomputed points that define 
the surface of values of the property to be 
interpolated. The maximum errors arising 
from the linear interpolation are shown 
on individual deviation plots for each 
combination of variables. Estimates of 
errors in the sources of data are similarty 
displayed. 

TAB II is written in FORTRAN 77 
for IBM PC-series and compatible com­
puters running MS-DOS. A sample 
executable code is included. The stan­
dard distribution medium for this program 
is one 5 .25-in. (13.335-cm), 360K 
MS-DOS-format diskette. The contents 
of the diskette are compressed by use of 
the PKWARE archiving software tools. 
The utility software to unarchive the files, 
PKUNZIP.EXE, is included. TAB II was 
originally developed in FORTRAN IV for 
use on IBM 360-series computers. This 
updated version was created in 1992, 
and includes some updated data as 
well as code that has been rewritten in 
FORTRAN 77. 

This program was written by H. M. 
Roder, R. D. McCarty, and W J. Hall of 
the National Institute of Standards and 
Technology for Lewis Research Center. 
For further information, write in 224 on 
the TSP Request Card. LEW-15626 

• Electronic Systems 

DET/MPS - The GSFC 
Energy Balance Programs 

DET IMPS determines and 
computes energy balance for 
DET and MPS-type space­
craft power systems. 

The Direct Energy Transfer (DEl) and 
the MultiMission Spacecraft Modular 
Power System (MPS) computer pro­
grams perform mathematical modeling 
and simulation to aid in both the design 
and analysis of DET and MPS space­
craft power system performance in 
order to determine the energy balance 
of the subsystem. Typically, the DET 
spacecraft power system feeds the out­
put of the solar photovoltaic array and 
the nickel cadmium batteries directly to 
the spacecraft bus. In a MPS system, 
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the Standard Power Regulator Unit 
(SPRU) is utilized to operate the array at 
the array's peak power point. DET and 
MPS perform a minute-by-minute simu­
lation of the performance of the power 
system as it responds to various orbital 
and operational parameters. The results 
of the simulation focus mainly on the out­
put of the solar array and the character­
istics of the batteries. 

While both software packages are 
limited in terms of orbital mechanics, 
they have sufficient capability to calculate 
data on eclipses and performance of 
arrays for circular or near-circular orbits. 
DET and MPS can be adjusted to run 
one orbit or a sequence of orbits as long 
as 1 week in simulated time. These pro­
grams have been used on a wide variety 
of spacecraft projects in Goddard Space 
Flight Center. 

DET and MPS are written in FOR­
TRAN-77 with some VAX FORTRAN­
type extensions. Any FORTRAN compiler 
that includes VAX extensions should be 
able to compile and run the programs 
with little or no modification. The compil­
er must at least support tab-delineated 
source format and "do do-while-end-do" 
control structures . DET and MPS are 
both available in three versions: GSC-
13374, for DEC VAX-series computers 
running VMS, is available in DEC VAX 
BACKUP format on a 9-track, 1600-
bit/in. (630-bit/cm) magnetic tape (stan­
dard distribution) or on a TK50 tape car­
tridge; GSC-13443, for UNIX-based 
computers, is available on a 0.25-in. 
(6.35-mm) streaming-magnetic-tape car­
tridge in UNIX tar format; and GSC-
13444, for Apple Macintosh computers 
running NUX with either the NKR FOR­
TRAN for AbSoft MacFORTRAN II com­
pilers, is available on a 3.5-in. (8.89-cm) 
800K Macintosh format diskette. Source 
code and test data are supplied. The 
UNIX version of DET or MPS requires 
90K of main memory for execution. DET 
and MPS were originally developed in 
1990. 

"NUX" and "Macintosh" are registered 
trademarks of Apple Computer, Inc. 
"VMS: "DEC VAX," and "TK50" are 
trademarks of Digital Equipment Corp. 
"UNIX" is a registered trademark of AT&T 
Bell Laboratories. 

These programs were written by J. M. 
Jagielski of Goddard Space Flight 
Center. For further information on the 
DEC VAX version, write in 76 on the 
TSP Request Card. GSC-13374 

For further information on the UNIX 
version, write in n on the TSP Request 
Card. GSC-13443 

For further information on the A/UX 
version, write in 78 on the TSP Request 
Card. GSC-13444 
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Mechanics 

Dual-Mode Adhesive Pad 
This device can be switched between sticking and peeling modes of operation. 
Lyndon B. Johnson Space Center, Houston, Texas 

A tool helps a worker grip and move 
along a large, smooth structure that 
offers no handgrips or footholds. The 
tool adheres to a surface but can be 
easily released from it by actuating a 
simple mechanism. The original version 
of the tool was conceived for use as a 
movable anchor on the outer surface of 
a spacecraft. Modified versions could 
be useful in such diverse operations as 
inspecting hulls of ships and scaling 
walls in rescue operations. 

The tool includes a handle and a seg­
mented contact-adhesive pad (see fig­
ure). The bulk of the pad is made of soft 
plastic foam that conforms to the sur­
face of the structure. Each segment of 
the pad is reinforced with a rib. 

In the sticking mode, side catches 
engage the ends of the ribs, constrain­
ing all the ribs to lie in the same plane. 
Thus, the ribs stiffen the pad and dis­
tribute the load throughout the pad, 
which sticks firmly to the surface. 

When the user compresses an 
expansion spring, the side catches 
release the ribs. This relaxes the pad, 
so that the load is concentrated in the 
two outermost sticking segments. With 
the adhesive force thus weakened, the 
pad can easily be peeled away from the 
surface. 

The user sticks several such tools on 

Side catch 

End 01 Rib 

STICKING MODE 

PEEUNGMODE 

the surface and proceeds to move 
across the surface, hand over hand, by 
grasping the handles of the tools. By 
releasing tools and reapplying them, the 
user can traverse the surface indefinite­
ly. The user can also string a tether 
between tools and move along the 
tether. 

This work was done by Leslie Hartz of 
Johnson Space Center. For further 

Handle 

Side catch 

In the 
Sticking Mode, 
ribs are braced 
by side catches. 
In the peeling 
mode, side 
catches are 
retracted, and 
the segmented 
adhesive pad 
loses its 
stiffness. 

information, write in 72 the TSP 
Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the 
Patent Counsel, Johnson Space Center 
[see page 20]. Refer to MSC-21955. 

Computing Response of a Structure to Random 
Transient Pressures 
A deterministic method yields more accurate prediction. 
John F. Kennedy Space Center, Florida 

An improved method of computing 
the vibrational response of a structure 
to transient random acoustic excitation 
at predominantly low frequencies has 
been devised. The method is called 
"deterministic" (1) to distinguish it from 
an older probabilistic method in which 
the acoustic excitation is approximated 
as stationary with spatial correlation of 
a theoretical white noise and (2) 
because it is based partly on the use, in 
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the equations of motion of the struc­
ture, of deterministic excitations derived 
from measured pressure histories. The 
development of the deterministic 
method was motivated by the need 
to analyze more accurately the 
vibro/acoustic responses of structures 
at spacecraft-launching facilities and 
thereby determine whether there is 
need for reinforcement or redesign to 
withstand the launch environment. The 

deterministic method can also be used 
to study such phenomena as earth­
quake motions, ocean waves, aircraft 
pressure gusts, responses of bridges 
to winds, and the effects of jet-engine 
noise on aircraft structures. 

The probabilistic method has been 
found to be overconservative from one 
perspective in that the use of a steady­
state input excitation to approximate a 
transient excitation leads to prediction 
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of unrealistically large vibrational stress 
and displacement responses and thus to 
overdesign and/or prediction of failures 
that do not occur. The probabilistic 
method is also potentially underconserv­
ative from another perspective in that it 
yields only root-mean-square values of 
response, whereas the peak values 
needed for design are based on 
assumed (unverified) distributions. The 
deterministic method focuses on peak 
values. 

The deterministic method involves the 
concept of a response spectrum, in 
which the total response of the structure 
is the sum of responses in individual 
structural-vibration modes that are not 
coupled with each other. Therefore, the 
response in a given mode can be found 
by integrating the differential equation for 
that mode in the time domain. If the 
history of a generalized modal load is 
known, then such integration in time is 
possible, and it does not matter that the 
generalized modal load is a random 
transient. In the integration process, 
the input excitation is treated as a deter­
ministic pressure history, but the defini­
tion of a corresponding generalized 
modal load contains elements of a ran­
dom-response analysis and is uniquely 
related to the power spectral density of 
the generalized modal load. 

A simple power spectral density alone 
is not sufficient to describe the acoustic 
field. To cope with the spatial and tem­
poral complexity of the launch transient 
acoustic field, the deterministic method 
includes additional related spectral mea­
sures: the normalized cross power spec­
tral density (see figure). the correlated­
pressure distribution (which provides 
a graphic illustration of vibro/acoustic 
coupling), and the pressure-correlation 
length. 

Both the deterministic and the proba­
bilistic method provide solutions in 
matrix form, suitable for use in finite-ele­
ment-method structural analyses. Within 
the low-frequency range (0 to 20 Hz) of 
resonances of launch-pad structures, 
the deterministic method is simpler and 
more accurate than the probabilistic 
method is . One disadvantage of 
the deterministic method is that the cor­
rect prediction of peak generalized 
modal loads depends on correct 
placement of correlated pressure distrib­
utions on structures to ensure that the 
predicted responses are, indeed, 
absolute maxima. 

This work was done by Valentin 
Sepcenko and Ravi Margasahayam of 
I-NET, Inc., for Kennedy Space Center. 
For further information, write in 36 on 
the TSP Request Card. KSC-11649 
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Could this be the end 
of 7th row center? 
7b locate the best seat in the Muse, 
two heads are better than one. 

F
or Dick Campbell, world-class 

acoustics engineer, electrical engi­

neering professor and ardent con­

cert-goer with an "excellent ear" for music, 

where he sits in a concert hall can be as 

important as the program he sits through. 

"Not seventh row center. It's too close 

to the source. If you care more about watch­

ing the musicians than hearing the music, it's 

fine. But the best seats start a quarter of the 

way back from the stage." And that's not just 

Dick's personal taste. It's a fact based on the 

unimpeachable impartiality of observations 

made by Fred (he's the one on the left, 

Dick's the one with a tie). 

Dick, a member of the Concert Hall 

Research Group, employs dummies 

like Fred to map the acoustics of 

concert halls around the world, 

including Symphony Hall in Boston 

and Washington's Kennedy Center. 

First, the dummy occupies various seats 

throughout the hall, each time listening 

MATHSoFT 
ON THE INTERNET 

Now you can reach us on the 
Internet. Simply connect to lip. 
moth.olt.com for anonymous 
FTP access to the /pub directory. 
If you're on the Web, try us at 
www.maffuoI.f.com. You'll find 
tips and techniques, applications 
from other Mathcad users, files 
for educators and students, and 

a lot more to help you get 
the most from using 

Mathcad. 

T H c A D 

to test sounds digitally recorded through 

microphones installed in its head. Then, 

the data is read into Mathcade PLUS 5.0 

for interaural cross correlation analysis 

using the Signal Processing Function 

Pack. This involves octave filtering of the 

left and right impulse reponses and pick­

ing out the maximum cross correlation of 

the octave· filtered pairs. It's a mildly contro­

versial technique used for mathematical 

modeling of something otherwise ordained 

by still-quibbling critics, specifically, what 

makes a concert hall sound good. 
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But the importance of this work is not de­

bated among his students. They study Dick's 

documents directly in Mathcad, revealing princi· 

pIes of acoustics in a way Dick calls "very 

much alive. They can manipulate the equa­

tions and graphs right there in front of them. 

They can visualize what's going on, not just 

do math all day long. It lets them look at a 

problem like it's under a magnifying glass." 

Mathcad also lets Dick explore in a way 

that "might not be attempted otherwise." 

Like using a 20-term series expansion to 

find the first seven combined resonance 

frequencies for a coupled driver and standing 

wave tube. "You wouldn't even try this with a 

calculator. And the human factor of Mathcad 

makes it much faster than programming." 

Which leaves but one prObing question unan­

swered. Are there any bargain seats in the great 

halls of the world? "No, not really. But don't 

ever sit under the balcony. That's the worst." 

Dick Campbell, EE, Professor, Worcester 

Polytechnic Institute, Worcester, MA. 

MaU\SoIl, In<. PO Box 1018. Cambridge. MA 02142-1519 USA · PIlon.: 1-800-823-4223 · Fax: 617·577-8829 . MathSoIl Europe. P.O. Box 58. LiviniSton, UK EH54 7M. · Phone: +44.506.460373 . Fax: +44.506.460374 
C 1994 MathSon.. Inc. til and • signity manufacturer', trademark or registered trademark respectively. 



M A T H 

What makes calculating just 
like home remodeling? 

For Denzil Hellesen, it's 
lheJact that neilher one 
rrver seems to end. 

W hen mechanical engineer 

Denzil Hellesen takes on a 

project, you can bet it's going 

to be big. Big, like the design 

of a 10,000 PSI autoclave, up to 

18 feet in diameter. Big, like 

the single Mathcad file (near­

lya pound when printed) used to solve and 

document every calculation in the autoclave's 

spec. Or if you want to talk really big, let's talk 

about Denzil remodeling his home. 

By day, Denzil is a fierce and fearless 

number cruncher, building colossal programs 

in Mathcad, uniting hundreds of related 

calculations into single, seamless documents. 

"Typically, they run 75 to 100 pages," says 

Denzil, including all the live math, graphs 

and documentation. Already, he boasts 50 

megabytes of such Mathcad documents, all 

devoted to calculations he used to do by 

hand. Like the standard flange design that 

required 1500 steps on a calculator and 

consumed half a day (not counting mistakes). 

The same calculation set 

takes five minutes in 

Mathcad (and there are 

no mistakes). 

Denzil will tell you it's 

not the math that's extra­

ordinary ("mostly algebra 

and low level calculus"), 

but the way Mathcad lets 

him "go ahead and quickly 

produce results that people will understand. 

They stumble through calculations done with 

a computer language. But with Mathcad, 

they can actually see the math as you would 

write it." 

And that's just by day. At night, Mathcad 

fires up again, this time in aid of Denzil's 

continuing adventure remodeling his home. 

"It's a never-ending process. I've done kitchen 

cabinets, bathrooms, you name it. Mathcad 

calculates how much material is required for 

each project." At which point he jokingly 

concedes that among the 50 megabytes of 

Mathcad programs he's written, "okay, a meg 

or two are for remodeling." 

Denzil Hellesen, VP, ENMECO, Lebanon, MO 
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"Mighty Worm" Piezoelectric Actuator 
The piezoelectric element would be removed from the load path when not in use. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates schematically a 
piezoelectric actuator that was under 
construction when the information was 
submitted for this article. This actuator is 
designed to operate in three modes: 
1. as an adjustable static structural 

member, the length of which can be 
changed slowly in a sequence of 
wormlike increments of motion; 

2. as an active vibrator or vibration sup­
pressor when operated in conjunction 
with a vibration sensor and a feed ­
back control system; or 

3. as a simple inactive structural element. 

The "Mighty Worm" Piezoelectric Actuator 
can be used as an adjustable-length structural 
member, an active vibrator or vibration sup­
pressor, and acts as a simple (fixed-length) 
structural member when inactive. The load 
force is not applied to the piezoelectric ele­
ment in the simple-structural-member mode. 

The device is called a "mighty worm" 
actuator because in mode 3 it can with­
stand a greater axial load force than can 
older piezoelectric devices called "inch­
worm" actuators. 

This actuator includes two subassem­
blies that move relative to each other. 
One subassembly includes a housing 
and clamps. The other subassembly 
includes the piezoelectric element (a 
stack of piezoelectric disks), clamping 
surfaces at the ends of the piezoelectric 
element, and a load (the lengthwise 
position of which is to be adjusted). 
Each clamp comprises a pair of cam­
actuated spring-and-Iever mechanisms, 
and the cams can be driven by a rotary 
actuator to apply or release clamping 
force as commanded. 

The sequence of functions in the 
length-adjustment mode (mode 1) to 
move the load to the right is the follow­
ing: 
1. Clamp A, unclamp B, then energize 

the piezoelectric element. 
2. Clamp B, unclamp A, then deenergize 

the piezoelectric element. 
3. Repeat steps 1 and 2, as necesary, 

until the load has moved to the 
desired position. 

NASA Tech Briefs, December 1994 

The sequence to move the load to the 
left is similar except that A and Bare 
interchanged . 

In the vibration-control mode (mode 2), 
A is clamped, B is unclamped, and the 
piezoelectric element is energized by the 
feedback control system. In the simple­
structural-member mode (mode 3). A is 
unciamped , B is clamped , and the 
piezoelectric element is deenergized: the 

actuator can withstand a relatively high 
axial force in this mode because the 
piezoelectric element is removed from 
the load path. 

This work was done by Robert M. 
Bamford, Ben K. Wada, and Donald M. 
Moore of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 15 on the TSP 
Request Card. NPO-19046 
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Turbine-Driven Pipe-Cleaning Brush 
The flow of cleaning solution turns the turbine. 
John F. Kennedy Space Center; Florida 

A simple pipe-cleaning device 
includes a small turbine wheel axially 
connected, by a standoff, to a circular 
brush (see figure). The turbine wheel 
tums on a hub bearing attached to the 
end of an upstream cable. The turbine­
and-brush assembly is inserted in a 
pipe with the cable trailing upstream 
and the brush facing downstream. 

The water or cleaning solution is then 
pumped through the pipe. The cable is 
held at its upstream end, so that it 
holds the turbine and brush in the pipe 
at the location to be cleaned. The flow 
in the pipe turns the turbine, which 
tums the wheel, producing the desired 
cleaning action. In addition to brushing 
action, the device provides even mixing 
of cleaning solution in the pipe. 

Of course, the turbine and brush 
must be sized to fit the inner diameter 
of the pipe to be cleaned, and the wire 
must be sufficiently long to enable 
the turbine-and -brush assembly to 
reach and traverse the part to be 
cleaned. The turbine-and-brush assem­
bly can traverse long pipes and it can 

70 

travel around 90° bends and through 
pipe fittings. 

This work was done by Rudy J 
Werfink and David E Rowell of Kennedy 
Space Center. For further information, 
write in 270 on the TSP Request Card. 

This invention is owned by NASA, 

For More Infonnation Write In No. 420 

The 
Turbine 
Wheel 
Turns in 
the flow in 
the pipe, 
rotati ng the 
wire brush 
to clean the 
inside of the 
pipe. The 
cable holds 
the turbine­
and-brush 
assembly 
against the 
flow. 

and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Kennedy Space 
Center [see page 20]. Refer to KSC-
11669. 

NASA Tech Briefs, December 1994 



Geared Electromechanical Rotary Joint 
Springy planetary gears provide low-noise electrical contact. 
Goddard Space Flight Center; Greenbelt, Maryland 

The figure illustrates a geared rotary joint that provides 
low-noise ac or dc electrical contact between electrical subsys­
tems that rotate relative to each other. This joint is designed to 
overcome some of the disadvantages of older electromechani­
cal interfaces - especially the intermittency (and, consequently, 
the electrical noise) of sliding-contact and rolling-contact 
electromechanical joints. 

The first electrical subsystem is mounted on, or at least 
rotates with, the shaft and the two inner gears attached to the 
shaft. The inner gears are separated axially by an electrically 
insulating disk. Each inner gear constitutes one of two electrical 
terminals through which electrical power is fed to or from the 
first electrical subsystem. 

Outer 
(Ring) 
Gears 

Hollow, Springy Planetary Gears provide continuous, redundant, 
low-noise electrical contact between the inner and outer gears. 

NASA Tech Briefs, December 1994 

The second electrical subsystem is mounted on, or at least 
rotates with, the outer (ring) gears. Similarly to the inner gears, 
the ring gears are separated axially by an electrically insulating 
annular disk, and they constitute the electrical terminals through 
which power is fed from or to the second electrical subsystem. 

Electrical contact between the inner and outer (ring) gears is 
provided by multiple, equally spaced, flexible planetary gears 
formed as hollow cylinders with thin, fluted walls. These gears 
mesh with the inner and outer (ring) gears. These gears are 
slightly oversize with respect to the gaps between the inner and 
outer gears, but their flexibility makes it possible to compress 
them slightly to install them in the gaps. After installation, mesh­
ing of the gears maintains the even angular interval between the 
planetary gears at all rotational speeds. 

The planetary gears are made of beryllium copper, which is 
preferred for electrical contacts because it is a self-cleaning 
material that exhibits excellent current-carrying characteristics. 
A typical flexible planetary gear has 13 teeth, an axial length and 
an average diameter both "0.25 in. (6.35 mm), and a wall thick­
ness of 0.004 in. (0.10 mm). Because each planetary gear is 
independently sprung into a cylinder-in-socket configuration 
with respect to the inner and outer gears, it maintains continu­
ous electrical contact between them. The reliability and continu­
ity of the electrical contact is further ensured by the redundancy 
of the multiple planetary gears. The multiplicity of the contacts 
also ensures low electrical resistance and large current -carrying 
capacity. 
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The springiness of the planetary gears 
automatically compensates for thermal 
expansion, thermal contraction, and 
wear; moreover, wear is expected to be 
minimal. Finally, the springiness of the 
planetary gears provides an anti backlash 
capability in a gear system that is sim­
pler and more compact in comparison 
with conventional antibacklash gear sys­
tems. 

This work was done by John M. 

Vranish of Goddard Space Flight 
Center. For further information, write in 
31 on the TSP Request Card . 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Goddard Space 
Flight Center [see page 20). Refer to 
GSC-13540. 

Simulation of Probabilistic Wind 
Loads on a Building 
Results can be used to analyze tendencies toward sway, 
buckling, and/or overturning, 

Lewis Research Center, Cleveland, Ohio 

A method of simulating of probabilistic 
windloads on a building has been devel­
oped. The numerical results of such a 
simulation can be used to assess the 
reliability of the building and the risk 
associated with tendencies of large 
gusts or high steady winds to cause the 
building to sway, buckle, and/or over­
turn. USing of this method to analyze a 
proposed design in an iterative design 
cycle, a building can be designed for a 
specified reliability. 

Wind pressure or suction on an up­
stream, downstream, or sidestream face 
of the building is approximated in this 
method by a mathematical model of the 
form P w = kS2, where k is a coefficient 
that depends on the direction of the 
wind with respect to the face and S is 
the speed of the wind. A semiempirical 
mathematical model , called the "multi­
factor interactive equation" (MFIE), is 
used to compute S from constituent 
primitive variables that include atmos­
pheric pressure (P) , temperature (T), and 
roughness height of terrain (R). The 
effect of gusts is included implicitly in the 

MFIE, which is 

S (Po P)8 (T. T)b s;;= ~~ P ;,~ T 

( )c ~ )d( )e Rf - R f - W tf - t 
Rf - Ro f - W f tf - to 

where (j) is the frequency content of the 
gust, t is the time since the beginning of 
the gust, the subscript 0 denotes refer­
ence conditions, the subscript f denotes 
the final condition of the variable to 
which it is appended, and the exponents 
a through e can either be determined 
through regression analysis of meas­
ured values or estimated by expert 
opinion. The variables in the MFIE can 
be random with any distribution, but in 
this method, all are assumed to have 
normal distributions. 

The method was applied initially to the 
rectangular building shown at the top of 
the figure. In this application, the MFIE 
was incorporated into the CompOSite 
Load Spectra (CLS) computer program, 
which simulates probabilistic loads, 
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Probabilistic Windloads on the rectangular building shown at the left were computed. 
Some of the numerical results are plotted. 
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given the primitive variables, their statistical distributions, and 
the discrete probability intervals (histogram bins) required to 
discretize the input probability density functions. Then by use 
of Numerical Evaluation of Stochastic Structure Under Stress 
(NESSUS), which is a stochastic finite-element computer code, 
the simulated probabilistic wind loads were applied to the 
building to obtain cumulative distribution functions of sway 
displacements and reliability against overturning. Uncertainties 
in wind loads and stochastic deviations of dimensions and 
properties of components of the building from nominal values 
were incorporated into NESSUS. Sensitivities of responses 
to changes in structural parameters were also computed. In 
the particular case, the sway was found to be sensitive to the 
wind pressure, height of the building, and properties of the 
building materials. 

This work was done by Christos C. Chamis of Lewis 
Research Center and Ashwin R. Shah of Sverdrup 
Technology, Inc. For further information, write in 73 on the 
TSP Request Card. 
LEW-15685 

Using a Digital X-Y Plotter 
as a Calibration Fixture 
Repetitive measurements that involve precise 
positioning can be automated fairly easily. 
Langley Research Center, Hampton, Virginia 

A digital x-y plotter can be used as a programmable calibra­
tion fixture to make two-dimensional maps of the flux densities 
of small magnets. It could also be useful in other calibration 
procedures in which there is need for accurate two-axis posi­
tioning of small parts. 

Accurate two-dimensional positioning of measurement 
devices is necessary for precise calibration. In the original 
application for which the use of a digital x-y plotter was con­
ceived, there was a need for calibration of the flux densities of 
more than 100 small cylindrical permanent magnets. Inasmuch 
as the flux density of such a magnet is axisymmetric, it was 
necessary to map the flux densities in two dimensions only. 
However, the large number of magnets made it desirable to 
automate the measurement procedure. 

One approach to the solution of the automated-measure­
ment problem could have involved mounting two programma­
ble linear translation stages together at right angles to form a 
calibration fixture. This approach would have necessitated con­
siderable hardware, long setup time, and extensive program­
ming on a desktop computer. 

The use of a modified digital x-y plotter offered a much 
simpler solution. The probe of a gaussmeter was mounted at 
a fixed position to measure the flux density from the magnet 
under test. The magnet was attached to the pen holder of the 
plotter in the x-y plane of the plotter. Thus, by use of position 
commands of the type normally sent to the plotter from a 
personal computer, it was possible to position the magnet in 
x and y. A positioning resolution of ±0.001 in. (about ±0.03 
mm) was achieved along both axes. This approach was easier, 
with respect to both implementation in hardware and program­
ming the computer, than the other approach would have been. 

This work was done by Tom D. Finley of Langley Research 
Center. No further documentation is available. 
LAR-14666 
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Machinery 

Dual-Actuator Active Vibration-Control System 
Feedback gains and filter parameters can be adjusted according to schedules. 

Lewis Research Center; Cleveland, Ohio 

The dual-actuator active vibration-con­
trol (OM VC) system is a developmental 
system of the type described in the 
"Active Vibration Dampers for Rotating 
Machinery" (LEW-1S427). NASA Tech 
Briefs. Vol. 18. No.10 (October 1994). 
page 93. This system features sensors 
and actuators positioned and oriented at 
bearings to measure and counteract 
vibrations of a shaft along either of the 
two axes perpendicular to the axis of 
rotation. This system has been proven 
effective in damping vibrations of a heli­
copter-engine test stand. thereby making 
it safer to operate the engine at speeds 
near and above the first resonance of the 
engine/test-stand system. In so doing. 
the DMVC system opens new opportuni­
ties for engine designers to draw more 
power from this engine. and the concept 
should be applicable to other rotating 
machines as well. 

The DAAVC system (see figure) 
includes a hybrid analog/digital controller. 
Analog amplifiers and filters are used in 
the controller because they operate signif­
icantly faster than competing digital 
circuits do. The amplifier gains and filter 
settings are adjustable; maximum versatil­
ity is achieved by providing for download­
ing the gains and filter settings from a 
microprocessor or desktop computer via 

Hybrid 
(Analog/Digital) 1-----, 

Controller 

t 
I Computer I 

Power 
Amplifier 

The Dual-Actuator Active Vibration-Control System is one in a continuing series of feed­
back control systems that are being developed to suppress vibrations in rotating machinery. 

a digital-to-analog converter. The system 
is so capable that it even compensates 
for realistic misalignments of sensors and 
actuators. 

The gain and filter adjustments can be 
easily scheduled as in response to (that is. 
as functions o~ dc input signals that rep­
resent speed. torque. or other operating 
parameters. The computer can be made 
to execute a grid-search algorithm to 
select feedback gains that minimize a vi­
bration norm (a composite measure of 
absolute values of vibration amplitudes). 

These gains are then downloaded as 
active stiffnesses and rates of damping 
with a linear fit throughout the range of 
operating speeds. 

This work was done by Albert F. 
Kascak and Louis J. Kiraly of Lewis Re­
search Center, Gerald T. Montague of 
Sverdrup Technology, Inc., and Alan B. 
Palazzolo and Daniel Manchala of Texas 
A&M University. For further information, 
write in 8 on the TSP Request Card. 
LEW-15765 

Optimized Resolved-Rate Control of Telerobotic Manipulator 
In a simulation, this technique caused a robot hand to move as commanded in real time. 
Langley Research Center; Hampton, Virginia 

Velocity control is a popular way to 
control robot arms. The velocity of a 
robot hand is known. or commanded 
by an operator. and this velocity is 
resolved into rates of change of joint 
angles (resolved-rate control) to move 
the hand as commanded. Six indepen­
dent jOints are all that are needed for 
general movement of the hand in its 
workspace. but the Laboratory 
Telerobotic Manipulator (L TM) has a 
seventh jOint. providing more choices 
for pint-angle rates to move the hand. 

The L TM (see figure) is a seven­
degree-of-freedom robot arm built by 
the Oak Ridge National Laboratory for 
NASA for evaluation in ground-based 
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research to assess the role of redun­
dant-degree-of-freedom arms in outer­
space operations. Each arm has three 
pitch/yaw joints: one at the shoulder. 
another at the elbow. and a third at the 
wrist. The seventh degree of freedom is 
provided by a wrist-roll joint. 

The movement of the elbow plays an 
indispensable role in the use of a 
human hand; for example. in working 
on a car. Sometimes the position of the 
elbow must be changed to gain access 
for the hand or to provide leverage for 
wrenching . The extra joint in the LTM 
provides this type of flexibility. Of 
course. the extra joint complicates the 
control problem. making it more difficult 

to generate commands to move the 
hand in real time; i.e .• there is an 
increased computational burden. 

Optimized resolved-rate equations 
were developed for real-time control of 
the L TM. along with special resolved­
rate equations to handle kinematic sin­
gularities. These equations generate a 
least-squares solution for joint-angle 
rates. which are used to command the 
hand to move at a specified velocity. 
Optionally. the equations also represent 
a striving to configure the arm to satisfy 
a specified performance criterion with 
respect to the joint angles. 

The equations have been pro­
grammed with application to a three-

NASA Tech Briefs. December 1994 



dimensional-graphics simulation. The 
graphical model of the L TM is driven by 
velocity commands from a six-axis hand 
controller to assess the equations thus 
developed. An operator deflects a six­
axis hand controller to essentially "fly" 
the robot hand; the operator tells the 
hand to move in a desired direction by 
commanding a velocity in that direction. 
The commanded velocity is resolved into 
the motions cif the individual joints in the 
robot arm to move the hand. For the 
motions simulated thus far, the robot 
hand moves as commanded, and the 
special resolved-rate equations for kine­
matic singularities appear reasonable. 

As redundant manipulators come into 
wider use, computationally efficient algo­
rithms for inverse kinematics will 
become increasingly important. The 
approach tested on the L TM is practical 
for a class of manipulators. Because 
they offer the advantages of more effi­
cient use of workspaces and the ability 
to reach around obstacles, redundant 
manipulators are expected to be used in 
mobile robots and teleoperators for haz­
ardous environments, automotive 
assembly, welding, and spray painting. 
Practical resolved-motion control will be 
required in the implementation of such 
manipulators. 

The Laboratory Telerobotic Manipulator of the Oak Ridge National Laboratory is shown 
here with counterbalancings. Each arm has three pitch-and-yaw jOints and a wrist-roll joint. 

This work was done by L. Keith Barker 
and William S. McKinney, Jr., of 
Langley Research Center. Further 
information may be found in NASA TP-
2938 [N90-10618/TBj, "Optimized 
Resolved Rate Control of Seven-Degree­
of-Freedom Laboratory Telerobotic 
Manipulator (L TM) with Application to 
3-D Graphics Simulation. " 

Copies may be purchased [prepay­
ment requiredj from the NASA Center, 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 
Maryland, Telephone No. (301) 621-
0394. Rush orders may be placed for an 
extra fee by calling the same number. 
LAR-14261 

Wetust solved one of the 
world's stickiest problems. 

It's called "stiction," 
but you won't find it 
in the dictionary. 

Stiction is that 
notorious affliction that causes 
air cylinders to stick at the start of a 
stroke - resulting in erratic, runaway motion. 

Introducing The Anti-Stiction Air Cylinder. 
The Airpel Air Cylinder effectively does 

away with stiction. And reduces running friction freely - without lubrication! 
to imperceptibly low levels. Since it contains no oil, it also runs cleaner 

This gives it the unique ability to impart than typical air cylinders. Without rubber or plastic 
super smooth motion. Even at very low pressures, seals to abrade, wear out, or harden with time. 
with very short strokes, at very slow speeds. And since its exposed surfaces are made of 

Yet it can also operate under extreme temp- stainless steel and nickel, Airpel is extremely clean 
eratures and very high speeds with no degradation and corrosion resistant. 
in performance. For information on models, prices and tech-

How do you account for these remarkable nical specifications, write Airpel Division, 
capabilities? Airpot Corporation, 35 Lois Street, 

The Airpel is an instrument-quality air Norwalk, CT 06851. 
cylinder. Its graphite piston fits precisely Or call us at A . I TM 
inside a Pyrex® glass cylinder liner and slides 1-800-848-7681 I-me 

~-------------------------- T~e Anti-Stiction'::r rcylinder. ---1IIj 
n.tAirpe\ is a trademark of Airpol Corporarion. ® Pyrex is a regislered Irademark of Corning Glass Works. 
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i!!I Fabrication Technology 

Rugged Preheaters for Vacuum Plasma Spraying 
Units preheat large parts effectively. 
Marshall Space Flight Center, Alabama 

Electric preheater units have been built 
to ensure that large workpieces to be 
coated with metals by vacuum plasma 
spraying are heated uniformly to the req­
uisite high temperatures by the time the 
plasma torch arrives. For small work­
pieces, heating by quartz lamps or by 
the plasma torch itself suffices to ensure 
the proper temperatures. However , for 
large workpieces, a more dependable 
source of heat is needed. 

Typically, a workpiece to be vacuum­
plasma-sprayed should be at a tempera­
ture between 800 and 2,000°F (430 and 
1,100°C). On a large workpiece , the 
torch passes any given spot too infre­
quently to maintain the needed constant 
high temperature. As a result, there can 
be large temperature gradients in the 
workpiece, and the quality of the coating 
is adversely affected. Quartz lamps are 
often used to maintain the proper tem­
peratures, but they do not last long in the 
hot, low-pressure, metal-powder-Iaden 
environment. 

The present electric preheater units 
are similar to (but much larger than) the 
electrical-resistance ribbon heaters in 
toasters and in some small portable 
electric "space" heaters. Each unit 
includes an 801 20 nickellchromium 
resistance heater ribbon 1.5 in. (3.81 cm) 
wiGle by 0.1 in. (0.254 cm) thick, sup­
ported and electrically insulated by 
oeramic spools (see figure). Each heater 
is designed to use power from a high­
current (600-A), low-voltage power sup­
ply, the low voltage being advantageous 
in that it minimizes arcing in the process 
vacuum. These heater units outgas 
hardly at all and are relatively unaffected 
by the buildup of metal powder from the 
process. Each unit is connected to the 
power supply by a thick, thermally and 
electrically insulated wire via vacuum 
feedthroughs. 

The ring preheater shown in the figure 
was used to heat cylindrical stainless­
steel barrels 12 in. (about 30.5 cm) in di­
ameter in a 40-torr (5.3-kPa) vacuum to 
a required temperature of 1 ,650°F (about 
900°C). For this purpose, it was neces­
sary to supply the heater with a current 
of 350 A at a potential of 53 V. The panel 
preheater shown in the figure was sup­
plied at 180 A. 25 V to heat a valve 
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Nichrome Resistance·Heating Ribbons are wrapped around ceramic insulating spools on 
rings and on plates. A round workpiece is placed in the middle of the ring preheater. Plate 
preheaters can be stacked as needed near a workpiece. 

housing to 815°F (435°C), also in a 40-
torr vacuum. Thereafter, the power was 
decreased to 130 A at 18 V to maintain a 
temperature of 925°F (496°C) during 
plasma spraying. Both the ring and the 
panel preheaters have proved durable. 

This work was done by William H. 

Woodford, Timothy N. McKechnie, 
Lewis D. Sander, Christopher A. Power, 
Heather L. Sander, and Dalton D. 
Nguyen of Rockwell International Corp. 
for Marshall Space Flight Center. For 
further information, write in 95 on the 
TSP Request Card. MFS-29983 
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Shear-Wave Ultrasonic 
Inspection With a Dry 
Couplant 
Liquid and gel couplants, which can contami­
nate workpieces, are not needed. 

Marshall Space Flight Center, Alabama 

An automated ultrasonic inspection system includes a dry 
couplant pad attached to an ultrasonic transducer, so that 
there is no need for a liquid or gel to couple ultrasonic shear 
waves between the transducer and the workpiece under test. 
Heretofore, it has been common practice to use a liquid or gel 
to transfer acoustic energy efficiently between an ultrasonic 
transducer and the workpiece. However, a liquid or gel cou­
plant must eventually be cleaned off a workpiece and is thus 
undesirable in a manufacturing environment. 

The present shear-wave ultrasonic inspection system with 
dry couplant is designed to be mounted on a robot arm in an 
automated manufacturing (robotic welding) work cell. 
Between, during, or after manufacturing operations, the robot 
can simply scan the ultrasonic transducer along the work­
piece. The workpiece can be reworked in place, if necessary; 
there is no need to remove the workpiece from the work cell 
for testing and return it for further operations. In principle, the 
computer program that controls inspection can be overlaid on 
the computer program that controls the welding operations. 

The dry couplant pad is made of a compliant encapsulated 

A Dry Couplant Pad made of a compliant encapsulated epoxy 
material is attached to an ultrasonic-transducer wedge on the end of 
a robot arm. The robot arm presses the pad against a workpiece for 
ultrasonic-shear-wave inspection. 
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epoxy material and is attached as a 
facing to an ultrason ic-transducer 
wedge (see figure) . The transducer 
wedge and couplant pad are pressed 
against the workpiece; the surface of 
the compl iant pad conforms to the 
surface of the workpiece, ensuring 
transfer of acoustic energy with an effi­
ciency lower than that of a liquid or 'gel 
couplant but nevertheless sufficient for 
the purpose. The contact surface of 
the pad can be made flat or curved to 
conform closely to the surface of the 
workpiece. The robot arm scans the 
transducer along the workpiece by 
alternately translating the transducer in 
small increments of position, then firmly 
seating the transducer and couplant 
pad on the workpiece at each position 
to apply approximately uniform contact 
pressure at the interface between the 
couplant pad and the workpiece. 

In an experiment, a couplant pad was 
tested for 10,000 inspection cycles 
without a detectable change in its char­
acteristics . For a 0.375-in. (9.5-mm) 
transducer with 0 .125-in. (3 .2-mm) 
overlap, this corresponds to a minimum 
life expectancy of 2,500 in. (63.5 m) of 
distance along a weld seam or other 
linear workpiece feature. 

This work was done by James D. 
Wi/lenberg and Lisa Van Wyk of 
Rockwell International Corp. for Mar­
shall Space Flight Center. For further 
information, write in 61 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center [see page 
20]. Refer to MFS-29953. 

Making Ceramic Reference 
Specimens Containing 
Seeded Voids 
Small spheres are incorporated, then vaporized to produce the voids. 

Lewis Research Center, Cleveland, Ohio 

Internal and surface voids of known 
sizes can be incorporated into silicon 
carbide and silicon nitride ceramic 
reference specimens at prescribed 
locations. These specimens are used 
to demonstrate sensitivity and resolu­
tion in nondestructive examination 
techniques like scanning laser acoustic 
microscopy (see Figure 1) and x-radi­
ography, and to assist in establishing 
proper examination procedures. 

The raw material for the ceramic in 
a given case is silicon nitride or silicon 
carbide powder of appropriate purity 

Dynamic 
Ripple 

Gold 
Reflective 

Film 

Water 
(as Couplant) 

Incident 
Sound 

and particle size, prepared in a manner 
appropriate for dry pressing and with 
sintering aids and binder representative 
of the silicon carbide or silicon nitride 
ceramic object to be inspected by 
the applicable nondestructive tech­
nique. Spheres of a solid material that 
vaporizes at a temperature lower than 
the sintering temperature of the ceram­
ic are used to seed the voids in 
the ceramic; the material recommend­
ed for this purpose is styrene divinyl 
benzene. 

The first step in fabricating a speci-

Scanning Laser 

Translation 
Stage 

Piezoelectric 
Transducer 

Figure 1. The Scanning Laser Acoustic Microscope is used to detect voids in the ceramic 
specimen which, in this case, is a reference specimen seeded with surface voids as described 
in the text. 
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men is to pour the ceramic powder into 
a die . The surface of the powder is 
leveled at the desired thickness, then 
the powder is pressed in the die at a 
pressure of 60 MPa. After pressing, the 
top surface of the powder is cleaned by 
a gentle stream of dry air to remove 
particles that are not flush with the sur­
face. If voids embedded in the ceramic 
are desired, spheres to seed the voids 
are placed at known locations on the 
surface of the powder and pushed into 

("green") specimen is placed in a thin­
wall latex tube, which is then evacuated 
and sealed. The specimen thus encap­
sulated is cold-isopressed at a pressure 
suitable for the specific material -
nominally at 420 MPa. The isopressed 
specimen is removed from the tube , 
then heated in a vacuum to a tempera­
ture of 550 °C for 45 min to decom­
pose the styrene divinyl benzene 
spheres. Other temperatures and heat­
ing times may be necessary for spheres 

Figure 2. A Seeded Void in the surface of a sintered specimen is shown in this electron micro­
graph. Such voids tend to be ellipsoidal rather than spherical, and those in sintered silicon car­
bide tend to be shallower than those in sintered silicon nitride. 

the surface at a pressure of 60 MPa. 
More powder is added to obtain the 

desired separation between layers of 
voids, and the sequence of leveling, 
pressing, cleaning , and pressing in of 
spheres is repeated. When the desired 
layers of spheres to form internal voids 
have been formed, a final layer of pow­
der is added . If surface voids (see 
Figure 2) are desired, then the final layer 
is leveled , cleaned, and pressed at 
60 MPa; the spheres to seed the voids 
are added as before ; and the sph­
eres are pressed into the surface at 
120 MPa . If no surface vo ids are 
desired, the final surface is pressed 
immediately at 120 MPa, this higher 
pressure being necessary to strengthen 
the compacted powder specimen suffi­
ciently to withstand subsequent pro­
cessing without breakage. 

The compacted but still unfired 
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made of other materials, and a slightly 
lower temperature can be used if 
the specimen is to contain surface 
voids only. 

Finally, the specimen is sintered to 
achieve full densification. Silicon nitride 
should be sintered at a temperature of 
2,140 °C for 2 h in a static nitrogen 
atmosphere at 5 MPa; silicon carbide 
should be sintered at 2,200 °C for 0.5 h 
in argon at 0.1 MPa. 

This work formed the basis for the 
ASTM Standard Practice C1212-92 
entitled "Fabricating Ceramic Reference 
Specimens Containing Seeded Voids. " 

This work was done by George Y. 
Baaklini, Stanley J. Klima, and Don J. 
Roth of Lewis Research Center ' s 
Materials Division. For further informa­
tion, write in 40 on the TSP Request 
Card. 
LEW-15739 
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Mathematics and 
Information Sciences 

Using Finite-Element Analysis in Estimating Reliability 
Probabilistic estimation and stress-analysis techniques are combined. 
Lewis Research Center, Cleveland, Ohio 

FINITE-ELEMENT MODEL 

For a designated probability of survival. 
the life of an elemental volume is given by 

c 11. 
L _, _ ('rREF) (VREF) 

n - '"REF tn -v,;-

The life of the entire disk is given by 

ROTATING DISK 

Where 
Lis life 
t is stress Subscripts: 
V is stressed volume 
c Is stress·llfe exponent 

REF Is reference or gage life, stress or volume 
s is system life 

e Is Weibull slope (modulus) n is rf' life, stress or volume 

Figure 1. A Finite-Element Model is used in analyzing the reliability of a rotating disk that 
contains bolt holes. 

A method of estimating the design 
survivability of a structural component 
incorporates finite-element and proba­
bilistic properties of materials. This 
method involves evaluation of design 
parameters through direct comparisons 
of the survivability of the component 
expressed in terms of percentages of 
like components that survive at various 
lifetimes. The probabilistic properties of 
materials, given in terms of Wei bull 
parameters, are coupled with the stress 
field computed by finite-element analy­
sis to determine fatigue life based on 
initiation of cracks. 

A unique advantage of this approach 
is that fatigue testing of a coupon of 
material is the only mechanical testing 
needed to establish the fatigue parame­
ters necessary for analysis of the life 
and survivability of a full-size compo­
nent made of that material. Thus, the 
method can be used in the early stages 
of a design process to optimize life­
based designs, thereby reducing the 
amount of testing of full-sized compo­
nents needed to validate the designs. 

The method has been applied to a 
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rotating disk that contains bolt holes, 
representative of disks used in aero­
space propulsion turbines . Figure 1 
shows the disk and a finite-element 
model of a sector of the disk (the mod­
els of the remaining sectors are identical 
by symmetry). The model was used in 
parametric computational studies of (1) 
the effect of the speed of rotation on 
the survivability of the disk and (2) the 
probabilistic effects of the properties of 
the disk material on the survivability of 
the disk. Figure 2 shows shear-stress 
and probability-of-survival contours in 
the vicinity of a bolt hole. 

One of the advantages of the method 
is that it takes account of the influence 
of the total state of stress in a compo­
nent in calculations of the survivability of 
the component. Another advantage lies 
in identification of regions within the 
component that are critical, with respect 
to survivability, for purposes of optimiza­
tion . Reliability can be enhanced in 
regions that would otherwise exhibit low 
survivability, whereas weight can be 
reduced in regions that would otherwise 
exhibit high survivability. 

This work was done by Erwin V. 
Zaretsky of Lewis Research Center 
and Richard August of Sverdrup 
Technology, Inc. Further information 
may be found in NASA TM-104400 
[N91-23550ITB}, "Incorporating Finite 
Element Analysis Into Component Life 
and Reliability" and NASA TM-106022, 
[N93-23406ITB}, "Fatigue Criterion 
to System Design, Life and Reliability -....: 
A Primer." 

Copies may be purchased [prepay­
ment required} from the NASA Center 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 
Maryland, Telephone No. (301) 621-
0394. Rush orders may be placed for 
an extra fee by calling the same num­
ber. LEW-15864 

Shear 
Stress, 
MNlm2 

138 

152 

SHEAR-STRESS CONTOURS 

Probability 
of Survival. 

Percent 

99.9 

PROBABILITY OF SURVIVAL 

Figure 2. These Contours Were Obtained 
With Finite-Element Analysis of detail A 
in Figure 1. The computation was per­
formed with LREF = 10,000 cycles and 
a speed of rotation of 12,800 r/min. The 
survivability of the disk is computed as 
the product of survivabilities of all the finite 
elements. 
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Stereoscopic, Force-Feedback Trainer for Telerobot Operators 
Operators can be trained on a simulator to prevent damage to real robots. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A computer-controlled simulator for 
training technicians to operate remote 
robots provides both visual and kines­
thetic virtual reality . The simulator is 
used during the initial stage of training 
as a realistic substitute for a telerobot; 
it saves time and expense, increa­
ses operational safety, and prevents 
damage to robots by inexperienced 
operators. 

The training simulator computes the 
virtual contact forces and torques of 
a compliant robot in real time, providing 
the operator with the feel of the forces 
experienced by the manipulator as 
well as a view of it in any of three 
modes: a single view, two split views, or 
a stereoscopic view. From a keyboard, 
the user can specify the force-reflection 
gain and the stiffness (compliance) 
of the manipulator hand for three trans­
lational and three rotational axes. 

The system offers two simulated tele­
robotic tasks. One of them is insertion 
of a peg in a hole in three dimensions. 
(See figure.) As the operator performs 
the insertion task, the simulator continu­
ously shows an image of both peg 
and hole and feeds back manipulator 
contact forces through a force-reflect-

MANIPULATOR WITH PEG APPROACHING 
HOLE IN WALL 

MANIPULATOR INSERTING PEG IN HOLE 

The Video Display of a Simulation shows a 
robotic manipulator inserting a peg in a hole. 
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ing hand controller. The other sim­
ulated task is removal and insertion of 
a drawer. 

The stereoscopic display is a modi­
fied commercial apparatus in which left 
and right views are displayed alternately 
on the same video screen. The operator 
wears liquid-crystal-shutter goggles. A 
signal transmitted by an infrared emitter 
atop the stereoscopic video display 
synchronizes the shutters. When the left 
view is displayed, only the left shutter is 
open (clear), and the right shutter is 
opaque. When the right view is dis­
played, only the right shutter is open. 
The video display is refreshed 120 times 
per second - frequently enough to 
appear not to flicker. 

Software for the stereoscopic display 
generates views for the two eyes from 
slightly different perspectives . Both 
views are obtained by projecting 
objects in the scene onto a plane called 
the "zero-disparity plane," which is par­
allel to the plane of the display and is 
defined so that the points in the two 
images that represent the same points 

on the same object have the same hori­
zontal coordinate in both images, 
regardless of the horizontal separation 
between the viewpoints (the locations of 
the simulated cameras). The views from 
the left and right viewpoints are 
obtained by simply translating the view­
points right and left. 

The simulator is called a "high-fidelity" 
system for several reasons: 
- The simulation is based on accurate 

mathematical models of kinematics 
and dynamics of the manipulator and 
other objects. 

- The display is detailed and accurate. 
- Animated manipulator motions are 

smooth, with little or no perceptible 
lag between the operator's control 
actions and the corresponding simu­
lated images and contact force feed­
back via the hand controller. 
This work was done by Won S. Kim, 

Paul S. Schenker, and Antal K. Bejczy 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 266 on the TSP Request Card. 
NPO-18852 

NEW OemI'vs VERSION 3! 
DERIVE is a 
powerful computer 
algebra system for 
dOing symbolic 
and numeric mathe­
matics on your 
personal computer. 

DERIVE: 
• Performs numerical 

operations 
exactly with no 
round-off error 

• Approximates 
irrational 
expressions to 
thousands of digits 
of precision 

• Algebraically 
simplifies, expands, 
and factors 
expressions; and solves equations 

• Applies the rules of trigonometry, calculus, 
matrix algebra, and vector calculus 

• Plots explicitly and implicitly defined func­
tions in 2D with looming and auto-scaling 

• Generates 3D wire-frame function plots 
using hidden-line removal 

• Displays and prints expressions using 
standard 2D mathematical notation 

DERIVE Requirements 
(regular memory version): A PC compatible 
running MS-DOS with 512K memory and a 
3 1/2 inch (720K) diskette drive. List $125. 

DERIVE XM Requirements 
(extended memory version): 
A 386, 486 or Pentium- PC. MS-DOS, 2M 
extended memory and 31/2 inch (1.4M) 
diskette drive. List $250. 

DERIVE is a 
registered trademark of 
Soft Warehouse. Inc. 

rt:":l loft Watehou/e ~ Soft Warehouse, Inc. ' 3660 Waialae Avenue 
~ Suite 304 • Honolulu, HI, USA 96816-3236 
__ H 0 N 0 L U L U • HAW A I I Phone: (808) 734-5801 ' Fax: (808) 735-1105 

For More Information Write In No. 427 
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Books& 
Reports 
These reports, studies, and 

handbooks are available from NASA 

as Technical Support Packages 

(TSPs) when a Request Card 

number is cited; otherwise they are 

available from the NASA Center for 

Aerospace Information. 

o Physical Sciences 
.~ 

Dynamics of Ions in a 
Radio-Frequency 
Quadrupole Trap 

A report describes a computer-simu­
lation study of the motions of various 
numbers (up to 512) of ions in a Paul 
trap, which is an axisymmetric quadru­
pole potential well created by imposition 
of a combination of dc and radio-fre­
quency electric fields. This study is part 
of a continuing effort to understand the 
motions of trapped charged particles 
(which can be atoms, ions, molecules, 
or dust particles). The motions can be 
characterized in terms of heating by 
radio-frequency fields, the formation of 
crystallike structures in cold clouds 
of trapped particles, and other phenom­
ena that are important in the operation 
of radio-frequency traps in frequency 
standards. 

This work was done by John D. 
Prestage, Angelyn P. Williams, and 
Lutfollah Maleki of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain 
a copy of the report, "Dynamics of 
Charged Particles in a Paul Radio­
Frequency Quadrupole Trap, n write In 
178 on the TSP Request Card. 
NPO-18633 

Comparison of 
Measurements of 
Atmospheric Water Vapor 

A report presents an experimental 
intercomparison among measurements 
by four spectrometric instruments for 
determining the concentration of atmos­
pheric water vapor. Three of the instru­
ments are ground-based and are need­
ed to provide independent data to cali­
brate and validate the measurements 
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taken by the fourth instrument, which is 
the airborne visible/infrared imaging 
spectrometer (AVIRIS). Heretofore, 
water-vapor data have been collected 
primarily by radiosondes carried aloft by 
balloons. Remote down-looking instru­
ments like the AVIRIS can increase the 
accuracy and coverage of water-vapor 
measurements over those of radioson­
des, but calibration and validation are 
needed. The experimental intercompari­
son was performed to satisfy this need. 

This work was done by Carol J. 
Bruegge, James E. Conel, Jack S. 
Margolis, Robert O. Green, Geoffrey C. 
Toon, Veronique Carrere, Ronald G. 
Holm, and Gordon L. Hoover of Caltech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the report, 'In-situ 
water-vapor retrieval in support of 
AVIRIS validation,' write in 205 on the 
TSP Request Card. 
NPO-18431 

Materials 

Reactive Melt Infiltration of 
Silicon Into Porous Carbon 

A recent report describes a study of 
the synthesis of silicon carbide and 
related ceramics by reactive melt infiltra­
tion of silicon and silicon/molybdenum 
alloys into porous carbon preforms. 
Reactive melt infiltration has potential for 
making components in nearly net 
shape. In comparison with other 
processes, reactive melt infiltration can 
be performed in less time and at lower 
temperature. 

Ideally, reactive melt infiltration would 
convert the carbon to fully dense silicon 
carbide. In practice, the final material 
may contain some free carbon and sili­
con or silicon alloy and may be slightly 
porous. The object of the study was to 
determine the effect of initial pore vol­
ume fraction, pore size, and infiltration 
material on the quality of the resultant 
product. 

This work was done by Donald R. 
Behrendt of Lewis Research Center, 
and Mrityunjay Singh of the National 
Research Counsel. Further information 
may be found in NASA TM-105860 
{N93-12398/TB}, "Studies of the 
Reactive Melt Infiltration of Silicon and 
Silicon-Molybdenum Alloys in Porous 
Carbon. n 

Copies may be purchased {prepay­
ment required} from the NASA Center 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 

Maryland, Telephone No. (301) 621-
0394. Rush orders may be placed for an 
extra fee by calling the same number. 
LEW-15861 

Making Ceramic Fibers by 
Chemical Vapor 

Research and development of fabrica­
tion techniques for the chemical vapor 
deposition (CVO) of ceramic fibers are 
presented in two new reports. The fibers 
of SiC, TiB2' TiC, B4C, and CrB2 are 
intended for use as reinforcements in 
metal-matrix composite materials. CVO 
offers important advantages over other 
processes: the fibers are purer and 
stronger and can be processed at tem­
peratures below the melting points of 
the constituent materials. Fibers of the 
various ceramic materials were made by 
depositing the ceramic materials on car­
bon-fiber tows and, in some cases, 
tungsten fibers from a variety of gaseous 
reactants. Processing sequences, pro­
ceSSing conditions, and materials were 
selected for further development on the 
basis of thermodynamic analyses of a 
wide range of precursor materials, tem­
peratures, pressures, and concentra­
tions. Both continuous and batch 
processes were investigated. 

This work was done by Vithal V. S. 
Revankar and Vladimir Hlavacek of the 
State University of New York at Buffalo 
for Lewis Research Center. To obtain 
copies of the reports, "Synthesis of High 
Performance Silicon Carbide Fibers by 
Chemical Vapor Deposition" and 
'Synthesis of High Performance Ceramic 
Fibers (Titanium diboride, TItanium car­
bide, Boron carbide) by Chemical Vapor 
DepOSition for Advanced Meta/lics 
Reinforcing," write in 219 on the TSP 
Request Card. 
LEW-15415 

Comparison of Models of . 
Metal-Matrix Composites 

A report presents a comparative 
review of four mathematical models of 
the micromechanical behaviors of 
fiber/metal-matrix composite materials. 
While the models differ in various details, 
all four are based on the properties of 
the fiber and matrix constituent materi­
als, all involve square arrays of fibers that 
are continuous and parallel and all 
assume complete bonding between the 
constituents. Computer programs that 
implement the models are used to pre­
dict the properties and stress-vs.-strain 
behaviors of unidirectional- and cross­
ply laminated composites made of 
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boron fibers in aluminum matrices and 
silicon carbide fibers in titanium matri­
ces. The stresses in the fiber and matrix 
constituent materials are also predicted. 

This work was done by C. A. Bigelow 
and W. S. Johnson of Langley 
Research Center and R. A. Naik of 
Planning Research Corp. (Kentron). To 
obtain a copy of the report, 'A 
Comparison of Various Micromechanics 
Models for Metal Matrix Composites, ' 
write in 214 on the TSP Request Card. 
L4R-14463 

~ Mechanics 

Equations for Selected 
Fracture-Mechanics 
Parameters 

Equations that describe crack-mouth­
opening displacements, stress-intensity 
factors, and related fracture-mechanics 
parameters of chevron-notched short bar 
and rod specimens are presented in a 
new report. The equations were devel­
oped by fitting curves to previously avail­
able data from compliance (crack opening 
and extension vs. load) tests of speci­
mens from throughout the range of com­
mon specimen geometries. The equations 
are in forms suitable for determining frac­
ture toughnesses from maximum loads, 
for determining crack-extension-resis­
tance curves ("R-curves"), and for setting 
sensitivities of testing instruments. The 
equations will be especially useful in facili­
tating the testing and the interpretation of 
data from tests of brittle metals, ceramics, 
and glasses, which can be formed into 
chevron-notched specimens for fracture 
testing according to these concepts, but 
are difficult to fatigue-precrack to simulate 
natural flaws for fracture-toughness test­
ing by older techniques. 

This work was done by Raymond T 
Bubsey, Thomas W. Orange, William S. 
Pierce, and John L. Shannon, Jr., 
of Lewis Research Center. Further 
information may be found in NASA TM-
83796 [N93-15369/TB], "Closed-Form 
Expressions for Crack-Mouth Displace­
ments and Stress Intensity Factors for 
Chevron-Notched Short Bar and Short 
Rod Specimens Based on Experimental 
Compliance Measurements." 

Copies may be purchased [prepayment 
required] from the NASA Center for 
AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621 -0390. Rush orders may be placed for 
an extra fee by calling the same number. 
LEW-15865 

NASA Tech Briefs, December 1994 

Computed Flow Through 
an Artificial Heart and 
Valve 

A NASA technical memorandum dis­
cusses computations of the flow of 
blood through an artificial heart and 
through a tilting-disk artificial heart valve. 
The memorandum represents further 
progress in the research described in 
"Numerical Simulation of Flow Through 
an Artificial Heart" (ARC-12748), NASA 
Tech Briefs, Vol. 15, No. 12, (December, 
1991), page 66. One of the purposes of 
this research is to exploit the advanced 
techniques of computational fluid 
dynamics and the capabilities of super­
computers to gain an understanding of 
complicated internal flows of viscous, 
essentially incompressible fluids like 
blood. Another purpose is to use that 
understanding to design better artificial 
hearts and valves. 

This work was done by Stuart E. 
Rogers and Dochan Kwak of Ames 
Research Center, Cetin Kiris of MCAT 
Institute, and I-Dee Chang of Stanford 
University. Further information may be 
found in NASA TM-1 02270 [N93-
724711TBJ, "Numerical Simulation of 
Row Through Two Biofluid Devices. n 

Copies may be purchased [prepay­
ment required] from the NASA Center 
for AeroSpace Information, User 
Services Division, Linthicum Heights, 
Maryland, Telephone No. (301) 621 -
0394. Rush orders may be placed for an 
extra fee by calling the same number. 
ARC-12983 

Computed Flow Through 
an Artificial Heart Valve 

A report discusses computations of 
blood flow through a prosthetic tilting 
disk valve. The computational procedure 
developed in this simulation can be used 
to design better artificial hearts and 
valves by reducing or eliminating the fol­
lowing adverse flow characteristics: (1) 
large pressure losses, which prevent 
hearts from working efficiently; (2) sepa­
rated and secondary flows, which can 
cause clotting; and (3) high turbulent 
shear stresses, which can damage red 
blood cells. 

The report reiterates and expands 
upon part of the NASA technical memo­
randum described in the previous brief 
"Computed Flow Through an Artificial 
Heart and Valve" (ARC-12983). It is also 
based partly on the research described 
in "Numerical Simulation of Flow 
Through an Artificial Heart " (ARC-
12478), NASA Tech Briefs, Vol. 15, No. 
12, (December 1991), page 66. 

This work was done by S. Rogers and 
D. Kwak of Ames Research Center 
and C. Kiris and I. Chang of Stanford 
University. Further information may be 
found in AIAA paper A90-22243, 
Wumerical Simulation of the Incom­
pressible Internal Row Through a Jilting 
Disk Valve. n 

Copies may be purchased [prepay­
ment required] from AEROPLUS, Bur­
lingame, CA 94010, Telephone No. 
(BOO) 622-2376, Fax No. (415) 259-5047. 
ARC-13123 

Further Research on 
Helicopter Tail-Boom 
Strakes 

Two documents discuss the results 
of additional investigations of the con­
cept introduced in ' Helicopter Tail ­
Boom Strakes ' (LAR-13233), NASA 
Tech Briefs, Vol. 10, No.2 (March/April 
1986), page 132. The essence of the 
concept is that a strake or a pair of 
strakes on the side of the tail boom that 
faces the retreating side of the main 
rotor of a helicopter perturbs the flow 
(principally, downwash from the rotor) in 
such a way as to increase the aerody­
namic pressure on that side, thereby 
contributing a force to the thrust from 
the tail rotor. Because of this force, the 
thrust required of the tail rotor for yaw 
control is reduced. This is an important 
advantage in low-speed flight, especial­
ly in sideward (toward the side opposite 
that of the strakes) flight, in which the 
tail-rotor thrust in the absence of a 
strake is sometimes insufficient. One of 
the documents is a short, untitled dis­
cussion of the concept in question-and­
answer form. The other document is a 
report that describes an experimental 
study in which the effects of tail-boom 
strakes were investigated on an Army 
helicopter in flight. 

This work was done by Henry L. 
Kelley, Cynthia A. Crowell, and Kenneth 
R. Yenni of Langley Research Center 
and Michael B. Lance of Lockheed 
Engineering and Sciences Co. To 
obtain a copy of the untitled summary 
plus the report, 'Flight Investigation of 
the Effect of Tail Boom Strakes on 
Helicopter Directional Control, ' writer 
in 285 on the TSP Request card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,209,430). 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Langley Research 
Center [see page 20]. Refer to L4R-
14219. 
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Test of Digital Image 
Velocimetry 

A report describes an experiment to 
test digital image velocimetry, which Is 
being developed to measure velocities of 
flows seeded with light-reflecting parti­
cles. Digital image velocimetry has been 
described previously in NASA Tech 
Briefs. To recapitulate: The flow in ques­
tion is illuminated, and a sequence 
of video, photographic, or holographic 
images of the particles are recorded 
at known short intervals of time. The 
images are digitized and enhanced . 
Then the average velocity during the 
interval between two sequential images is 
computed by use of correlations between 
the images. 

This work was done by Y. C. Cho of 
Ames Research Center and H. Park of 
the University of California, Berkeley. 
Further information may be found in 
NASA TM-102875 [N93-72467ITB} 
"Instantaneous Velocity Field Meas­
urement of Objects in Coaxial Rotation 
Using Digital Image Velocimetry." 

Copies may be purchased [prepay­
ment required} from the NASA Center for 
AeroSpace Information, User Services 
Division, Linthicum Heights, Maryland, 
Telephone No. (301) 621-0394. Rush 
orders may be placed for an extra fee by 
calling the same number. ARC-13090. 

HEADHUNTERnI 

HEAD & EYE 
SLAVEn 

POINTING SYSTEM 
COMPLETE, NON-INVASIVE, REAL-TIME 
HARDWARE AND SOFTWARE INSTRUMEN­
TATION TO COMPUTE AND ANAL VZE 
COMBINED HEAD AND EYE VECTORS FOR 
ADVANCED WEAPONS POINTING, SIMULATION 
fTRAINING & HUMAN FACTORS ASSESSMENT. 

125 CAMBRIDGEPARK DR. 
CAMBRIDGE, MA 02140 

TEL: 617-868-5353 FAX: 617-868-9231 

For More Infonnatlon Write In No. 436 

-0 Machinery 

Circular Scanning With 
RUM Actuators 

A technical paper discusses the use of 
rotating-unbalanced-mass (RUM) actua­
tors to scan scientific instruments in cir­
cular pattems centered on target points. 
It proposes reconfiguration of an existing 
experimental raster- and line-scanning 
RUM apparatus to enable experiments 
on circular scanning. It presents formulas 
for calculating the effects of a RUM 
mounted on the ends of a gimballed 
beam. Calculations for control gains of 
RUM and gimbal servos are also present­
ed. The report describes a numerical sim­
ulation that predicts that a representative 
circular-scanning RUM actuator would 
consume 1/33 the power of an equivalent 
gimbal torquer in normal Earth gravity 
and 1/688 times the power of the gimbal 
torquer in zero gravity. 

This work was done by M. E. Polites 
and D. C. Alhorn of Marshall Space 
Flight Center. Further information may 
be found in NASA TP-3282 [N92-
33601lTB}, "Reconfiguring the RUM 
Experiment To Test Circular Scanning 
With Rotating Unbalanced-Mass Devices 
on Gimballed Payloads. " 

Copies may be purchased [prepay­
ment required} from the NASA Center for 
AeroSpace Information, User Services 
Division, Linthicum Heights, Maryland, 
Telephone No. (301) 621-0394. Rush 
orders may be placed for an extra fee by 
calling the same number. MFS-28919 

Active Inertial Vibration 
Isolators and Dampers 

A report describes the development of 
active inertial vibration isolators and 
dampers in which the actuators are elec­
tromagnet coils that move linearly within 
permanent magnetic fields in housings, 
somewhat as though they were massive, 
low-frequency voice coils in loudspeak­
ers. Accelerometers detect the vibrations, 
and the outputs of the accelerometers 
are processed by digital electronic control 
circuits to generate currents in the coils 
such that the exchange of momentum 
between the coils and the housings gives 
rise to opposing vibrations and the result­
ing overall level of vibrations is zero or 
very small. The report discusses the prin­
ciple of operation, electrical and mechani­
cal considerations in the design of actua­
tors, characteristics of accelerometers, 
and frequency responses of control sys-

tems. It describes the design and perfor­
mance of a one- and a three-degree-of­
freedom vibration-suppressing system 
based on this concept. 

This work was done by Darren 
Laughlin, John Blackburn, and Dennis 
Smith of Applied Technology Associates 
for Lewis Research Center. Further 
information may be found in NASA CR-
190798 [N93-15353ITB}, "Digital Active 
Material Processing Platform Effort 
(Damper), SBIR Phase II." 

Copies may be purchased [prepay­
ment required} from the NASA Center for 
AeroSpace Information, Linthicum 
Heights, Maryland, Telephone No. (301) 
621-0390. Rush orders may be placed 
for an extra fee by calling the same num­
ber. LEW-15872 

Tests of a Magnetic 
Bearing for Cryogenic 
Applications 

A report describes experiments per­
formed in a test rig on a hybrid magnetic 
bearing for possible use in turbopumps 
at low temperature. The bearing includes 
a permanent magnet that provides bias 
magnetic flux, plus electromagnet wind­
ings, shaft-position sensors, and associ­
ated control circuitry that provide active 
control of position. The bearing support­
ed a flexible rotor that served as a model 
of a rotor subject to bending. The rotor 
and bearing were placed in a test rig in 
which they were immersed in liquid 
nitrogen and driven by a motor to 
speeds up to 14,000 r/min. The results 
of the tests indicate that it is feasible to 
use the bearing in cryogenic environ­
ments and that the bearing damps the 
bending-mode vibrations of the flexible 
rotor as the rotor accelerates or deceler­
ates through speeds at which bending­
mode oscillations are excited. The report 
concludes that further work should be 
done on the bearing controller to 
increase the effective bearing stiffness, 
and that improved displacement sensors 
should be developed to reduce temper­
ature drift and electrical noise. 

This work was done by Biseo DiRusso 
and Gerald V. Brown of Lewis 
Research Center. Further information 
may be found in NASA TM-105627 ' 
[N92-20523ITB}, "Performance Tests of 
a Cryogenic Hybrid Magnetic Bearing for 
T urbopumps. " 

Copies may be purchased [prepay­
ment required} from the NASA Center for 
AeroSpace Information, User Services 
Division, Linthicum Heights, Maryland, 
Telephone No. (301) 621-0394. Rush 
orders may be placed for an extra fee by 
calling the same number. LEW-15869 
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LITERATURE SP TLIGHT 
Free catalogs and literature for NASA Tech Briefs' readers. 

To order, write in the corresponding number 
on the Readers Information Request Form (page 85). 

NUMERICAL 
ANALYSIS 
SOFTWARE 
Free HiQ numerical analy­
sis and data visualization 
demonstration software for 
Macinrosh. The demon­
srracion package includes 
the HiQ demo program and 
an 84 page Step-by-step 
demonsuation manual chat 
gives me user a comprehen­

sive look at HiQ. Example problems include signal pro­
cessing, ordinary differential equations. linear algebra. 
numerical integration, and 3Dvisualaation. Tel: 512-794-
0100.800-433-3488 (US and Canada); Fax: 512-794-8411. 

National Instruments 

For More Information Write In No. 300 

IIRVI/. I//IOU 

~ .... -. 
,~ < J ~._. 

:., ....... . . ~ .. .... .. ~ -.. ~ 

HIGH VOLT­
AGE CATALOG 
New 16-pg. catalog fea­
tures Farnell Hivolt's stan­
dard product range of lUgh 
voltage power supplies and 
test equipment. These 
units address such diverse 
applications as ion implan­
tarion, x-ray equipment) 
CRT displays and analyti­
cal instrumentarion. Tel: 
216-349-0755; Fax: 216-

349-0142. Farnell Advance Power. 32111 Aurora Rd .• 
Solon, OH 44139. 

Farnell Advance Power 

For More Information Write In No. 303 

LUMITEX ... 
CREATORS OF 
WOVEN LIGHT 
This eighr-page color cata­
log describes new low­
power. long-life light 
sources for use in portable 
and hand-held applica­
tions. Also included are 

6-'" new woven panel conS[ruc-
L-______ --' cion options for use in 

high-volume, price sensi­
tive backing areas. Ideal for LCD backlighting, machine ' 
vision. and switch, keypad, and control panel applica­
tions. Lumitex, Inc .• 8443 Dow Circle. Strongsville. 
OH 44136. Tel: 800-969-5483; Fax: 216-243-8402. 

Lumitex, Inc. 
For More Information Write In No. 306 
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PRECISION 
COUPLING 
COMPONENTS 
Featuring a wide range of 
coupling devices in a vari­
ery of materials. this 32 
page brochure is the latest 
from Berg. Designed to 
complement the Inch and 
Merrie caralogs it contains 
Information Transmitting. 

Shock Absorbing. Misalignment Couplings. All designed 
and manufactured co meet the exacting demands of 
modern industry. 

W.M. Berg Inc. 
Tel: 516-596-1700; Fax: 516-599-3274. 

For More Information Write In No. 301 

HIGH 
RESOLUTION 
DATA 
ACQUISITION 
FREE bookler shows many 
ways to automate data col­
lection using your personal 
computer. it comes with a 
FREE Instatrend Real ­
Time Graphics Demo 
Disk. Dianacbart, Inc., 
101 Round Hill Drive, 
Rockaway, NJ 07866. Tel: 
201-625-2299. 

Dianachart, Inc. 

For More Wormation Write In No. 304 

FOUR CHAN­
NEL DSO 
COMBINES 
PERFOR­
MANCE AND 
PORTABILITY 
Model DL1300A provides 
21 waveform measuremem 

functions. 2-channel pass! 
fail testing, automatic 
sequence mode, TV trigger 
with line and field selection 

and GP1B interface. Optional fearures include built-in 
thermal printer. m~mory card storage and video output. 
Call Yokogawa Corporation of America at 800-258-2552 
for a brochute. 

For More Information Write In No. 307 

RAPIDSYN 
STEP MOTORS 
American Precision Indus­
tries' 60 page product 
guide is a complete source 
for technical. application 
and product data for select­
ing/applying Rapidsyn step 
motors. Seclions include: 
Construction and Technol­
ogy. Formulas and General 

Motor Specifi.cations. Size 23, 34. and 42 Stop Motors, 
AC Synchronous and Specialty Motors. Conract 
American Precision Industries. Rapidsyn Division, 3229 
Roymar Road. Oceanside. CA 92054. Tel: 619-439-
7500; Fax: 619-722-5428. 

American Precision Industries 
Rapidsyn Division 

For More Information Write In No. 302 

PRECISION 
MOTION 
CONTROL 
API's 1995, 160 page step 
motor systems caralog. fearur­
ing the new intelligent driver 

:JIIII~~".J series, is a complete source for 
modon control technical, 
applicacion and product data. 

L-______ -l Definitions. marker applica-
tions, comparison chares, 

specificacions and diagrams. simplify the selection/applica­
tion process. Contact American Precision Indusnies, 
Controls Division. 4401 Ge!lesee Street. Buffalo. NY 
14225. Tel: 716-631-9800; Fax: 7 16-631-0152. 

American Precision Industries 
Controls Division 

For More Information Write In No. 305 

SEALING 
ASSEMBLIES 
Conax Buffalo offers a 
28-page catalog on Conax 
Buffalo Pressure and 
Vacuum Sealing Assem­
blies with comprehensive 
information on soft sealed 
technology for wires and 
probes. Complete technical 
data and ratings for each 
product rype. from stan­

dard sealing glands to complete assemblies, are included. 
as well as information on custom engineering and appli­
cations. Caralog includes a postpaid reply card for techni­
cal assistance. 

Conax Buffalo 
For More Wormation Write In No. 308 
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LITERATURE SPOTLIGHT 
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NEW 
PORTABLE 
OSCILLO­
GRAPH 
Yokogawa's ORMI200 
packs power in Iigh<Weigbt, 
rugged packaging.. Isolated 
inputs aaxpt thermocouple 
or AOrx. Voltage to 350 
VAC with 100 kHz sam­
pling. Review data or set­
up the recorder with the 

user interactive ffisplay. Analyze data on the recorder, or 
Pe, via the builr-in memory. On-board FDD simplifies 
data rcansfer to PC optional features: Logic Inputs, R5-
232C, or GPIB, DC Power. 

Yokogawa Corporation of America 
For More Information Write In No. 310 

OPTICS FOR 
METROLOGY 
New 1994 Catalog con­
cains 120 pages of informa­
tion and prices on tool­
maker's microscopes, stereo 
microscopes. alignment 
microscopes, monocular 
zoom microscopes, micro­
telescopes, pocket micro­
scopes, borescopes, micro 
video lenses. and fiber optic 

and miniature iUumination systems. Also described are 
centering microscopes. optical cutting tool geometry ana­
lyzers, x-Y tables. and micro-finishing equipment. T d: 
716-873-9907; Fax: 7 16-873-9993. 

Titan Tool Supply Co., Inc. 

For More Information Write In No. 313 

FREE ACCESS 
TO FEDERAL­
LY FUNDED 
TECHNOLOGY 
National Technology 
T tarufer Center offers free 
access to federally funded 
technology. an c:Iecrconk 

" bulletin board announcing 
technology transfer oppor­
tunities. training on tech­

nology rransfer issues, and strategic pannering confer­
ences. Why not call (800) 678-6882 today and discover 

- fhe research opporrunities right at your fingertips. 
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National Technology 
Transfer Center 

For More Information Write In No. 3 16 

NEW BOOK 
HELPS YOU USE 
FEAINTHE 
"REAL WORLD" 
A comprehensive finire de­
ment analysis rd'erencdtext­
book oHm a unique blend of 
theory and real world engi­
neering examples. Dr. 
Constantine Spyrakoo-wdI­
known finite element stress 

and vibration analysis expm---rus created a referena: ror all 
mechanical engineers from designers to • gurus. • This richly 
illustrated. hardcover book includes a disk with every ex:unple 
problem. Subjects include: FFA basics, element rypcs. model­
ing. rypes of analysis and intapret:Uion of resullS. 

APD 
For More Information Write In No. 319 

Free LiteraturefTo Advertise call (800) 944-NASA 

I!!J::::J FERROFLUIDS 
FOR STEPPER 
MOTORS 
FerroMocion brochure 
aplains the unique advan­
tages of adding ferrofluids 
in motion control applica­
tions. Exclusive technology 
increases positional accura­
ey. improves settling rime. 
d2.mps out vibration and 
midrange resonance, ex-
tends motor life in damp or 

corrosive environments. Small lots can be retrOfined or 
use viscous inertial dampers. 40 Simon Street, Nashua, 
NH 03061. Tel: 603-883-9800; Fax: 603-883-2308. 

Ferrofluidics Corp. 
For More Information Write 10 No. 311 

FREE 
ELECTRONIC 
HARDWARE 
CATALOG 
Broadest selection of quali­
ty hardware for electronic 
assemblies. 350-page cata­
log includes a full !"".mge of 
standoffs. caprive screws 
and nuts, chassis faseeners, 
handles. ferrules, spacers 

and washers. Special secrions indude: new/unusual prod­
ucts, metric informacion, and Mil-placing specifications. 
Full inventory, fast turnaround, samples. Accurate Screw 
Machine Co .• Fairfield. NJ. Tel: 1-800-237-0013; Fax: 
201-244-91n. 

Accurate Screw Machine Co. 
For More Information Write In No. 314 

PRECISION 
POSITIONING 
AND MOTION 
CONTROL 
155 page catalog covers 
NEAT's expanding line of 
Precision Positioning Com­
ponencs and Systems. 
Featured are single-axis. 
X-Y, multi-axis, rotary, high 
vacuum, and air bearing 

Stages. NEAT provides complementary stepping and ser­
vo mo[Or drives and controls, as weU as turnkey solutions 
[0 automation, inspection. and production requiremencs. 
Stage travels range from 2-30+ in. with a repeatabillry of 
1 fUll. speeds to 80" /sec. and resolutions to 5 run. 

New England Affiliated Technologies 

For More Information Write 10 No. 317 

TRI'S RE­
SEARCHERS 
SOLVE METAL 
WEAR 
PROBLEMS 
Brochure describes how 
TRI {Theoretical Research 
Institute}, General Magna­

plate's research subsidiary. helps engineers/designers by 
developing new. yet cosr-effective and practical ways to 
enhance metal surfaces. TRJ is at me technological fore­
front of tribology and metallurgy seeking solutions to 

performance and wear problems of metal parts. 

General Magnaplate Corp., 
1331 Route 1 , Linden. NJ 07036; 

Tel: 908-862-6200; Fax: 908-862-6110. 

For More Information Write In No. 320 

PC-CAM 
ACCURATELY 
READS CAD 
FILES 
SURFCAM delivers a line 
of PC-based CAM systttns 

with high-end 3D surhce 
design , model and NC 
machining. plus complete 
CAD/CAM translators. 
including NURBS. For 
DOS, Windows and 
Windows NT. 

Surfware Incorporated 

For More Information Write In No. 312 

RECORD DATA 
WITH ANY PC 
Today's mosr advanced 
recording systems are not 
paper cbarr recorders. 
They're paperless. PC-based 
da£a acquisition sysrcms 
from Dataq [nsuu-meots. 
We've replaced traditional 
insrrumenrs in a variery of 
applications with low-cosr 
and flexible alternatives that 
have saved OUf customers 

thousands in paper costs alone. Factor in the productivity 
gains of computer-based analysis and you have a solution 
you can't afford to ignore. 

DATAQ Instruments Inc. 
Tel: 800-553-9006; Fax: 216-666-5434 

For More Information Write In No. 315 

DC MOTOR 
CONTROLS 
New 52p catalog allows 
you to select optimum 
conrrol for sub-sub-frac­
tional to 10 horsepower 
DC motors · Machine 
Tools ' MotOrized Ma­
ch inery • Positioning · 
Conveyors · AC[U3roCS • 

Packaging Machinery · 
Exercise Equipment · XY 

Tables ' Elevators/leYders • TheatricaUStage. Powr Ups 
can customize these conuols ror 0lIC( requirements. POWR 
UPS CORP, One Raned Road, Shirley, NY 11967, ToU­
free 1-800-333-POWR or FAX 516-345-3106. 

Powr UpS Corporation 

For More Information Write 10 No. 318 

MANUAL & 
MOTORIZED 
POSITIONING 
SYSTEMS 
Daedal ' s new 300-page 
catalog provides specifica­
tions for cross ro ller and 
ball slides; center and side 
drive cross roller tables; 
closed and open frame 
motorized Clbles; rail tables; 
manual and motorized 

rolaI)' [abies; djgi(3.i micrometer Stages; single and muJti­
axis motion controUers; and half-srep, microstepping. and 
servo motor drives; and optical positioners and hardware. 

Daedal Div., Parker Hannifin Corp. 
Tel: 800-245-6903; Fax: 412·744-7626. 

For More Information Write 10 No. 321 
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PRESSURE 
TRANSDUC­
ERSITRANS­
MITTERS 
Taber pressure transduc· 
ers/transmincrs arc out­
lind in a new brochure. 
They are available in low 

."'!!! and high models in a vari-
L-_____ _ ---l ery of pressure ranges . 

Differential transducers 
provide high differenti,.1 

overlo,.d pressure and high Une pressure capabiliry. 
Oceanographic mnsducers are completdy submersible, 
highly accurate pressure sensors. For more information 
conraa: John Pinder. Td: 800-333-5300. 

Taber Industries 
For More Information Write In No. 322 

S: 
.. - ' .... ... 

POLYMERS 
& ACRYLIC 
MONOMERS 
A new, 12-page four-<olor 
brochure tidd "Engineer­
ing Polymers and Acrylic 
Monomers. ' Includd are 
polymers and monomers 
family of produas, includ­
ing Rilsan. II and 12 
polyimides; Rilsan powder 
coatings, Pebax. mermo-

plastic dastomer resins, Plaramid. and Plamerm. hot 
melt adhesives; Plati lon. hOI melt film, and acrylic 
monomers. Produa description, background, and a sam­
pling of applications are also provided. 

Elf Atochem North America, Inc. 

For More Information Write In No. 325 

Find out bow Darum lnc. 
Network Time Servers and 
Board Level Timing 
Modules can be used ro 
syncbronize: your network 
and worksrations to Global 
Posirioning System, GPS, 
satellires and lRJG Time 
Code. TCP/lP and Novell 
Nerware™ networks can 
be synchronized ro within 
1-10 milliseconds. YME, 
YXI, PC, SUN S Bus™, 

QBusTM workstations can be synchronized to within 
1 microsecond. Tel: 800-348-0648 or 408-578-'1161; 
Fax: 408-578-'1165. 

Datum Inc. - Bancomm Division 

For More Information Write In No. 328 

TRANSMIS­
SIVEIREFLEC­
TIVE WORK­
STATION 
Increase rhroughpur and 
quality levels for both color 
and B&W film imagery 
with gordon'S free-Hand­
ing, digilizing work con-
sole. Gordon's exclusive 
PLANNAR light source 

features: 3200 K quartz halogen lighting, ±5% llamess of 
field (no hor spors) and a de power supply. 

gordon instruments 
Tel: ~333-2672 

For More Information Write In No. 331 

NASA Tech Briefs, December 1994 

Free LiteraturefTo Advertise call (800) 944-NASA 

B92CATALOG 
RELEASE 
The lalCsI catalog from 
W.M. Bag. I nc., coincides 
with Berg's silver anniver­
sary. Founded in 1967, 
Berg has grown to become 
a recognized induscciaJ 
leader of miniature preci­
sion mechanical compo­
ncnrs. A significant num­
ber of new ilems are addd 

as well as expanding previous produa lines. Featuring 
50,000 standard componenrs, 80% of which we are able 
ro sh.ip from stock within 24 hours. Available in m=ic 
vasion roo: M92. Td: 51&.596-1700; Fax: 51&.599-3274. 

W.M. Berg 

For More Information Write In No. 323 

STAINLESS 
PORTABLE 
PRESSURE 
VESSELS 
Brochure describes applica­
tions and specs. High puri­
ty, sterile, or luzardous liq­
uids Slored , dispensed . 
mixed . or processed in 
ASME certified vessels. 
Sizes 10 1 00 gallons. Mod-
ifications include mi~ers, 

heaters, jackets, more:! Also designs for feed systems. 
blenders, reactors, fermente", etc. T d : 414-251-9300; 
Fax: 414-251-7387. 

Pope Scientific, Inc. 

For More Information Write In No. 326 

GAS PLASMA 
DISPLAYS 
This new 4C 24-pagc cara­
log describes Cherry's Gas 
Plasma Displays. It high­
lighrs Cherry's PIasmodor'" 
Full Field Dot Matrix 

Displays, Smart Interface 
Controllers, DCOC Con­
verters, Segmented (Nu­
meric and Alphanumeric), 
and Bar Graph Displays. 

Typical applications include: equipmenr insrrumenration 
(medical, home, office), amusement (arcade/game systems, 

lonery terminals), proccss control lnsrrumencui,on. and 
orher markets (vending machines, ATM, poinr-of­
sale terminals). T d: 708-662-9200; Fax: 708-662-3566. 

Cherry Electrical Products 
Write In No. 329 For Immediate Need or 369 For Future Need 

NEW 1995-96 
COLE­
PARME~ 
INSTRUMENTS 
CATALOG 
The new, free 1995-96 
Cole-Parmer instruments 
catalog contains over 1700 
full -color pages a.nd fea­
lures more lhan 40 ,000 

products covering scienrific inStruments, equipment, and 
supplies. The catalog includes a detaild 1O-pagc product 
index and table of contents, informative introductory 
pages for many of the catalog sections, "HOI Tips," and 
an 8-page section of late.breaking products. Co ntact 
Cole- Parmer Inscrumenr Company- in lhe USA or 
Canada, call toll-free 1-800-323-4340. 

For More Information Write in No. 332 

&.page color brochure of 
Aernspaa: Componenrs for 
Motion Control. Brochure 
feacures photos, features, 
specs and applications on 
electromagnetic clutches, 
bn.kes and solenoids. 
Produas are MiI-spec'd for 
aerospace and militllry 
applications as wdl as for 
commercial and busi.ness 
aircralt. 

Electroid Company 

For More Information Write In No. 3 24 

COLOR 
PRINTER FOR 
SCIENTIFIC 
APPLICATIONS 
Breakthrough digital image 
technology color primer, 
rhe PICTROGRAPHY. 
3000 provides color accu­
racy and image clarity dra­
matically bener than dye­
sublimation ptimers. l.aser­

precise, one-pass pborographic process diminares band­
ing, registration problems. Prinrs in under 2 min., paper 
or transparency. Superior color gamut, gradations as 
smooth as on-screen, for color-critical, data-intensive 
images. For a /Tee sample, call 1-800-317-2484. 

Itochu Technology Inc. 
For More Information Write In No. 3 2 7 

STANDARD 
AND CUSTOM 
MOLDED 

~ RUBBER 
PRODUCTS 
An Elastomer Selection 
Guide summarizing the 
physical properties of rhe 
most commonly used 
materials in the molding, 
casring. extruding, and die­

cut fubrication of parts is included in mis package of . 
materials from AME. Also includd are clara sbeets on 
the company's line of O-Rings, switch seals (boors), self­
sealing F..steners, and electrically conductive parrs. 

AME Corporation 

For More Information Write In No. 330 

TESTING & 
INSPECTION 
INSTRUMENTS 
FOR PAINT, 
COATINGS, 
ADHESIVES & 
PRINTING INKS 

• 1200 PAGES ' PAINT TESTING INSTRUMENTS 
• CORROSION CONTROL GAGES · COATING 
INSPECllON GAGES ' FRIenON & WEAR TESTERS 
• lABORATORY INSTRUMFNfS & EQUlPMFNT 
Packed wilh hundreds of new product descriptions, 
insrrutaions, specification references and prices. Includes 
21 new Gardner Machines for Washability, Friction and 
Wear Testing. Please call 1-800-762-2478. 

Paul N. Gardner Company, Inc. 
For More Information Write In No. 333 
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• 

Elecrronic markaplacc: for finding 
=hnology partners and informa­
cion about 
- Inventions 

• R<=rch 
• Company NaxIsICapabilities 
• Technology Business News 
• Commerce: Business My 
TRP funding provides subsidiud 
aa:as 10 small high recbnoIogy com­
panies and university and f.daaI lab 
technology trans&r offices. Address: 

One Waclaka, 1235 Wesdakes Drive, Sui~ 210. Berwyn. 
PA 19312. Td: 610-251-8000 or 800-529-KEDS. 

Knowledge Express Data 
Systems, L.C. 

For More Information Wrill: In No. 334 

INFRACAM PALM-SIZE 
INFRARED FPA CAMERA 

lnframeuics [w/r"CAM fearures higb resolution IR intag­
ing. small size, low power requirements and interchange­
able lenses. This 256 x 256 platinum silicide focal plane 
"""y (FPA) cunera is a completdy scif·Qmtained package 
weighing only 3 pounds complete. [nfrllCAM opera~ 
for rwO hours or more on a standard. commercially avail­
able camcorder battery. Send for our product li~rarure. 

Tel: 508-670-5555; Fax: 508-667-2702. 

Inframetrics Inc. 
For More Information Write In No. 337 

3.1 MHz 
SYNTHESIZED 
FUNCTION 
GENERATOR 
The DS335 combines the 
higb accuracy and flOe res­
olution (1 .. Hz) of direct 
digital synthesis at an af­
fOrdable price:. Sine. square. 
triangle. ramp and white 

I noise waveforms are gener-
ated up to 3.1 M Hz. The DS335 is also remarkably 
clean. with spurious components less than -65 dBc, and 

/perfOrms linearllog frequency sweeps as well as frequency 
shift keying. The computer interface option includes 
both GPffi (IEEE-488) and RS-232. Tel: 408-744-9040. 
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Stanford Research Systems 
For More Information Write In No. 340 

10- TO 30-
CHANNEL 
PORTABLE 
RECORDER 
Astro-Med'. new ~­
nel field recorder with 
internal battel}', built-in 
bright m onitor, 1.44 
MBrte floppy disk. drive, 
1.2 MByte RAM per chan­
nel, and \aser-quality print 

re.olution i. described in an ill ustrated 10-page 
brochure. The unit, c:aIIed the Dash 10, offen a host of 
outstanding capabilities that malLe it today's most 
advanced portable recorder. T d: 1-800-343-4039. Fax: 
401-822-2430. 

Astro-Med, Inc. 
For More Information Write In No. 343 

Free LiteraturefTo Advertise call (800) 944-NASA 

REAL-TIME 
SIMULATION 
The SCRAMN~tTW_LX 

NmIJorlt, a real-time com­
munications 'YXtem based 
on a replicated sband­
memory concept, is opti-
mized for the higb-speed 
transfer of data between 
computers that are all solv­
ing portions of tbe same 
real-time problem. Request 

your free catalog. Synran Corp., Td: 513-252-5601 or 
800-252-5601; Fax: 513-258-2729. 

Systran Corp. 

For More Information Write In No. 335 

ULTRASONIC 
THICKNESS 
GAUGE 
The easy to use T-Mike E is 
engineered to fit comfotr­
ably in the hand · and 
designed for a wide range of 
measurement applications. 
Features include: II oz. 
with batteries; water resis­
tant case and keypad; amber 
colored aircraft style display 

to reduce eye strain; automatic caJibracion with auto 
probe zero; and enended battery life. Stressrel Corp., 225 
Technology Circle, Scotts Valley, CA 95066. Tel: 408-
438-6300; Fax: 408-436-7917. 

Stresstel Corp. 
For More Information Write In No. 338 

PROGRAMMA­
BLEMOTION 
CONTROLLERS 
FREE! New 1995 catalog is 
128 pages aDd includes 
complete speeifications on 
PC, VME. and STD bus 
motion controllers and 
packaged controllers with 
RS232/422. Also describes 
sofrwore including DLLs, 
DOEs. VBX co nrrols for 

Visual Basic, and tools fOr autoruning and translating G­
eode. HPGL or AutoCAD 61es into motion. Catalog con­
tains a 20-page technical rekrence dc:scribing closed-loop 
systems, motion programming and many aarnple appli­
cations. Td: 1-800-377-6329 or Fax: 1-408-746-2315. 

Galil Motion Control Inc. 
For More Information Write In No. 341 

PRODUCTS 
FOR TOOLING 
AND MANU­
FACTURING 
This FREE catalog pro­
vides infOnnation on more 
than 1800 components 
ncMod in tooling and man­
ufacturing. Data covers 
dimensions, product pbo­
tographs, prices and appli­

cations. The full line covers a wide sdca:ion of standardiu:d 
tooling components fOr jigs and finutts and a compk:te line 
of set-up and work clamping tools. It includes spring. ball 
and hand remoable plungers, nuts, bolts, washers, and 
knobs. Td: 513-298-9994; Fax: 513-298-3715. 

Northwestern Tools, Inc 
For More Information Write In No. 344 

ELEMENTAL 
ANALYSIS 
This brocbure dcscriba the 
MAS I 000 instrummc, which 
perfOuns danouaI analysis, 
depth profiling and chan­
neling in crystals. In most 
cases, the analysis is no~ 
srructive and quantitative. 
This brocbure describes the 
capabilities of standard RBS 
analysis, PIXE, and other 

analytical teeIhniqua related to oxygen and hydrogen pr<>­
filing. National Electrostatics Corp., 7540 Graber Road, 
P.O. Box 620310. Middleron. WI 53562-0310. Td: 608-
831-7600; Fax: 608-256-4103; Email: nec@wdU£ca.us 

National Electrostatics Corp. 

For More Information Write In No. 336 

.., -- FILM 
INDICATES 
STRESS 
DISTRIBUTION 
p~ enables you 10 

quickly and inapensivdy 
determine compression 
magnitude and distribution 

~ between contact surfaces. 
... _ Microcapsules within the 

film burst at specific pres­
sure kvds causing an instanCllleoUS color change. and pro­
ducing a permanent "topographical" intage of pressure vari­
acion. p~ is a valuable aid in QC and R&D for 
such applications as laminating presses, nip impressions. 
and bolted joints. Td: 800-755-2201; Fax: 201-884-1699. 

Sensor Products Inc. 
For More Information W rill: In No. 339 

EMCOR FEAT­
URES EMVRFI 
ENCLOSURES 
FOR ALL TYPES 
OF REQUIRE­
MENTS 
Emcor Products offers rwo 
lines of modular enclosures 
to control emissions: T he 
FCC Level Seties is used in 

commercial and industrial requirements and the TEM­
PEST-style series is used when higber levels of attenua­
tion are required Both have been ~ted to MIL-STD-
285 at a cc:rtified test facility. Emcor ProduCts, 1600 4th 
Avenue NW. Rochester. MN 55901. Tel: 507-289-3371. 

Emcor Products 
For More Information Write In No. 342 . 

CUSTOM 
MOLDED FOAM 
Polyetbelene, EVA and 
Polyurethane fOams, among 
o,hers. can be molded to 
create unique OEM parts 
or finished products. These 
custom designed products 
are being used in medical, 
sports and recreation. com­
purer petipheral and aes­
thetic packaging applica­

tions. Fabric, film or narural finishes available. Call fOr 
free sample card llnd b rochure. Flatech. Inc.. New 
Hope. MN. Tel: 800-285-6660. 

Flextech, Inc. 

For More Information Write In No. 345 
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HIGH REL 
HYBRID DC-DC 
CONVERTERS 
This new 32p catalog de­
scribes a full line of hybrid 
and discrete DC-DC con­
verters for Space. Military 
and lndusuial application; 
wide range of DC input 
voltages. output from 3 
VDC. low output ripple. to 
3 kilovol ts. multiple out­

puts. full EMI filterslother systems type circuitry. Rad 
Hard versions specified. custom variations available. T eJ: 
1-800-333-POWR; Fax: 516-345-3106. 

Modular Devices Inc. 
One Roned Road· Shirley. NY 11967. 

For More Information Write In No. 346 

INTERPOW­
ERTM EXPORT 
DESIGNER'S 
REFERENCE 
CATALOG 
New 224 page Reference 
Catalog #8 helps in design­
ing primary power circuics 
of internat ional produc£s, 
Designer's Reference section 
shows world plug/-socket 

pancrns, voltages and frequencies, international safety 
agencies and important srandards pubHshed by IEC, UL 
and CSA. Tel: 515-673-5000; Fax: 515-673-5100. 

W<2f2
PANE L C COMPONENTS 
CORPORATION 

For More Information Write In No. 3 4 9 

WAVE/COM­
PRESSION 
SPRINGS 
JUSt updated. Catalog 
#WS-93 contains IiEW 
stock sizes of wave/com­
pression springs available 
from stock. including 
spring design formulas. 
materials guide and typical 

applications. T he describes the many advantages 
of Smalley's exclusive edgewinding manufacturing 
process. Smalley springs. available from 3/8" to 84" in 
diameter. are produced by circle-coiling /lat wire to exaCt 
specifications involving no dies or special tooling 
~. Tel: 708-537-7600; Fax: 708-537-7698. 

Smalley Steel Ring Co. 
For More Information Write In No. 352 

" HANDS-ON" ADVANCED 
COMPOSITE WORKSHOPS­
SINCE 1983 

The brochure describes 13 
different cchands~on" work­
shops in advanced composite 
materials technology. These 
workshops cover fabrication, 
repair, manufacturing, tool­

ing. bluep rint read ing. adhesive bondi ng. ultrason ic 
inspection of composites, and 4 engineering workshops. 
Emphasis is placed on prep reg carbon and aramid fiber 
materials and processes, utilizing vacuum bagging and 
high-temperature curing methods in the oven and auto­
clave. Three workshops are Canadian DOT approved. 
REFRESHER WORKSHOPS OFFERED. For a free 
brochure. call 1-800-638-8441; Fax: 702-827-6599. 

Abaris Training Resources 
For More Information Write In No. 3 5 5 
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T he 1994 REM COR'" 
Catalog describes the new 
line of water Chillers and 
Recircularors. The easy to 

read tables and graphs 
make applications and 
Chiller identification sim­
ple and convenient. Send 
for the complete Chiller 
Catalog today. Remcor 
Products Company. 500 
Regency Drive. G lendale 
Heights. IL 60139. Tel: 
708-980-6900; Fax: 708-
980-85 11. 

Remcor Products Company 

For More Information Write In No. 347 

NEW 
MSC/NASTRAN 
BROCHURE 
12-page brochure details 
latest features of lead ing 
FEA software. used world­
wide to oprimize and pre­
dict behavior of complex 
designs from aerospace and 
autOmotive to medical and 
consumer goods. Analysis 
types include static, normal 

modes. buckling, dynamic response. heat transfer. nonlin­
ear, acoustic, and aeroelastic, using both h- and p-e1e­
mems. Open architecture works with all modeHng/CAD 
systems. MacNeal-Schwendler Corp., Los Angeles. CA. 
Te!: 800-642-7437. ext. 500. 

MacNeal-Schwendler Corp. 
For More Information Write In No. 350 

NON-STOP 
FROM PROIE® 
TO ANALYSIS & 
OPTIMIZATION 
COSMOS/M ENG I­
NEER makes it easy and 
affordable to include analy­

sis and Optimization on every design itinerary. lcs seamless 
interface to ProlE fully integrates the design. preprocess­
ing and postptocessing featu res of ProlE with the analy­
sis and optimization power of COSMOS/M: statics, 
buckling, frequency. heat transfer. optimization, nonlin­
ear, advanced dynamics, a super fast solver and two 
meshing capabilities. Starting at $6500! Call 310-452-
2158 (west) or 412-635-5100 (east). 

COSMOS/M 

For More Information Write In No. 353 

EQUIPMENT 
HOUSING 
HARDWARE 
Small quantities/immediate 
shipment. Design Stand­
ards offers an international 
selection of opera tiona l 
hardware for control and 
access of equipment and 
mach ine ry. Ou r knobs. 
handles. levers. handwheels, 
spring pl ungers. levelers 

and wheels possess superior production. functional and 
aesthetic qualities. Design Standards: a division of Rogan 
Corporarion. 3455 Woodhead Dr .• Northbrook. IL 
60062. Tel: 800-388-5656; Fax: 708-509-1705. 

Design Standards 
For More Information Write In No. 356 

GPS­
SYNCHRO­
NIZED TIMING 
PRODUCTS 
TrueTime's Precision 
Timing Products catalog 
features GPS-Synchronized 
C locks in rackmo un t, 
portable, and board-level 
configu rations. Includ es 
illustrations and product 

specifi cations for our complete line of Synch ronized 
Clocks. Time Code ProductS. and Remote Displays to fit 
a variery of time and frequency applications. 

TrueTime, Inc. 
For More Information Write In No. 348 

NEW 
AUTOMATED 
DISTILLATION 
SYSTEM 
Au toco l is auto mated, 
packed column still with 
Cost-saving applications for 
solvent recovery, concen­
tration of wastes, and small 
scale batch production. 
With 15 theoretical plates 

for powerful fractionation of componenrs, AU[Qcol can 
automatically purify and recover individual solvents 
from complex mixtures. Tel: 414-251-9300; Fax: 414-
25 1-7387. 

Pope Scientific, Inc. 

For More Information Write In N o. 351 

PRECISION 
STRIPIWIRE 
Elgiloy® is a combination 
strip and wire mill. We 
process a variery of alloys 
including Inconel®. Has­

tetlo>,",. Monel'". MP35N". 
Titanium and Stain less. 
Our sales and engineering 
staff are quaHfied to handle 
your custom materia l re­
quirements, and our on site 
testing lab assures you of 

prompt deliveries. Tel: 708-695-1900; Fax: 708-695-0169. 

Elgiloy® Limited Partnership 

For More Information Write In No. 354 

FLEXIBLE 
BORESCOPES 
Visua l inspections can be 
made easy with the use 
of a flexib le borescope. 
Machida. Inc.'s new bro­
chu re deta ils their co m­
plete line of qualiry flexible 
borescopes designed fo r 
various industrial inspec­
tions. Also highlighted are 
specialized turbine inspec­

,ion kits. blending borescopes. scopes with channels and 
working tools, video systems. light sources and borescope 
accessories. Tel: 800-431-5420. 

Machida, Inc. 

For More Information Write In No. 357 
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OXYGEN 
ANALYZERS 
A full-color brochur< 
introduces a complete line 
of oxygen analyzers for me 
labor-nory or process line. 
They are ideally suited for 
monitoring me oxygen lev­
els in all types of gas 
Streams. Trace oxygen lev­
els from ppb to 100% 21e 
accurately determined by 

[hese ruggedly construcced instruments. No periodic 
m.incen:mce or speci.1 operacor skills are required. 
Intrinsically-sa.fe and buttry-operated models are a.lso 
available. 

Illinois Instruments Inc. 
For More Information Write In o. 358 

ELECTRO­
MAGNETIC 
DESIGN 
SOFTWARE 
The legendary Vector 
Fields sui .. of software, 
including the TOSCA, 
ELEKTRA and OPERA 

IF VECTOR FIElDS packages, combines classical 
floi[t dement techniques 
wim user friendly interac­

tive graphics for high accuracy 20 and 3D simulation 
a.nd design of all rypes of electromagnetic equipment. 

Vector Fields Inc. 
1700 North Farnsworth Avenue 

Aurora, IL 60505 
Tel : 708-851-1734 Fax: 708-851 -2106 

For More Information Write In No. 309 

_._--­
--~.---_..-.-.. .. -'-

FREE CATA­
LOG OF TOOL­
ING COMPO­
NENTS 
New reference catalog of 
over 18,000 items offers a 
full range of tooling com­
ponents and equipment. 
Items include ha.ndwbeels, 
handles, knobs, spring & 

ball plungers, pads, clamps, set up accessories, 
locating devices, cutting tools, springs, mread inserts, a.nd 
metric items. All items are in stock for same day ship­
ment with no minimum order requirement. Reid Tool 
Supply Company, 2265 Black Creek Rd., Muskegon, 
MI 49444. Tel: 1-800-253-1421; Fax: 1-800-438-1145. 

Reid Tool Supply Company 

For More Information Write In No. 363 

TECLAB 
ESDWORK­
STATION 
CATALOG 
Kalamazoo T ecbnical Fur­
nitUre's 8-page 4/color 
brochure details me T edab 
line of stade protective 
workbenches, workstation 
systems, and ESD con­
[rolled workstation acces­

sories. Included are color options, product specifications, 
a.nd various levels of ESD protection available. T eclab 
also offers a Free Pla.nning a.nd Design Service. T eclab, 
me 'professional's bench: Tel: 1-800-832-5227. Fax: 
616-372-6116. 

Kalamazoo Technical Furniture 
For More Information Write In No. 366 

Free LiteraturefTo Advertise call (800) 944-NASA 

ULTRA-HARD 
MATERIALS 
FABRICATION 
Insaco's brochuce describes 
me CUStom ma.ouf.acture of 
components in sapphire, 
ruby, qua.nz. ceramics of all 

•• types including glass­
ceramics, alumina, zirco­
nia, carbides. a.nd nitrides. 
The company routinely 

fabricates mest materials for applications in optics, chem­
istry, vacuum, bearings, decuonics, nuclear. space and 
medicine. Tolerances are measured in millionms of a.n 
inch wim surface finishes in angstroms and flatness <0 

fractions of a waveleng<h. Tel: 800-959-0264; Fax: 800-
959-0267. 

Insaco, Inc. 
For More Information Write In No. 359 

The Capar<ery is a high-reliabili­
ry double layer capaci<or used as 
a sta.ndby power source in mem­
ory back-up and bridge-power 
applications. " has virtually 
unlimi[ed cycle life a.nd over 20x 
the capacitance density of con­
ventional capacitors. With a 
Permselective valve, pa[tO[ed by 
Evans, 33 Eastern Avc:., East 
Providence, Rl 02914-2107, 
Tel: 401-434-5600; Fax: 401-
434-6908. 

Evans 

For More Information Write In No. 361 

WASHERS 
AND SPACERS 
NEW FOR ' 951 Boker's 
free 32-page Catalog 95 
offers 12,000 non-sta.ndud 
sizes with no tooling 
charges. Ourside diameters 
of 0.080' to 2.631', a wide 
variety of inside diameters 
and micknesses, a.nd 2,000 
material variations crcatc 
millions of possibilities. 

Matetials include low carbon, cold rolled strip a.nd sheer 
Steel; five rypes of spring steel; stainless steel; aluminum; 
brass; copper; nickel silver; a.nd such nonmetallic marerials 
as Delrin~, Teflon~, Myl~, and nylon. Merric sizes 
also. Tel: 1-800-927-4377; Fax: 612-729-8910. 

Boker's Inc. 
For More Information Write In No. 364 

THERMO­
COUPLES, 
MAKE YOUR 
OWN 
The HOTSPOT allows 
thermocouple wire <0 be 
formed into freestanding 
junctions, or welded [0 

metal surfaces. It provides 
a simple means of fabri­
cating thermocouples 
·when needed a.nd where 

needed.· Brochure a.nd specification shee[ available. 
Address: 7300 Norm Crescent Blvd., Pennsauken, NJ 
08110. Tel: 609-662-7272; Fax: 609-662-7862. 

DCC Corp. 

For More Information Write In No. 367 

CO<ClI:' .-nc ---
• --
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MAGNETIC 
SHIELDING 
MATERIAL 
REFERENCE 
Material guide features 
CO-NETIC AA alloy mat 
shields DC [0 100 kHz 
EMI fields. Brochure 
includes complete ma.gnetic 
a.nd physical da", for speci-
fications, application nores 

for shield design a.nd fabrication memods. Eight page ca[­
a10g MG-5 is in metric a.nd English units a.nd offers cross­
refecence <0 miliwy a.nd commercial specifications. Tel: 
708-766-7800; Fax: 708-766-2813. 

Magnetic Shield Corporation 
Perfection Mica Company 

For More Information Write In No. 360 

FREE DSP 
CATALOG 
BittWare has the widest 
range of a.nalog a.nd digital 
110 available for your 
ground breaking DSP appli­
cations. Call us today for a 
catalog full of our heavy-
dury ADSP 210xO-farnily 

............ _~ of floating point DSP a.nd 
110 products, along wi[h 
our compl .. e s .. of devel­

opment tools. BittWare Research Systems, 33 North 
Main St., Concord, NH 03301, 800-848-0436; Fax: 
603-226-6667. 

BittWare Research Systems 

For More Information Write In No. 362 

DATA ACQUI­
SITION HARD­
WARE AND 
SOFTWARE 
Strawberry Tree offers 
powerful, accurate and 
easy-W-UR data acquisition 
hardware and software. 
New 1995 Caralog high­
lights the DATAshuttle 
family of portable, parallel 
POrt AID units, our full 

line of plug-in boards and our WorkBench software for 
Windows, DOS and Macincosh. Stnwberry Tree, 
Sunnyvale, CA. Please call 800-736-8810. 

Strawberry Tree 

For More Information Write In No. 365 

OPTOELEC­
TRONICS 
DATABOOK 
The new Optoelectronics 
Darabook from Adva.nced 
Photonix fearures data on 
a wide range of products 
a.nd capabilities. Included 
are over 28 pages of new 
products and expanded 
lines. such as Linear 
Arrays, Filter Detectors, 

High Speed Photodiodes a.nd Derector Hybrids. Also 
highlighted is a Die Library to address application specif­
ic OEM requirements. 1240 Avenida Acaso, Camarillo, 
CA 93012. Tel: 805-987-0146; Fax: 805-484-9935. 

Advanced Photonix Inc. 
For More Information Write In No. 368 
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TOLL FREE ASSISTANCE FOR YOUR 
PRESSURE AND FLOW CONTROL NEEDS 
-------------------

APP Servo Valve Controller 
Automate Your Custom Pressure 
And Flow Control ications 

." .. .. 
Features: 

• Compact, easy to install and operate 
• Completely electric operation 
• Vacuum to 60,000 PSI 
• Easy to retrofit in place of other valves 
• Single and Multiple valve controllers 
• High Temperature version available 
• Explosion-proof version available 

Available in: Analog control, Self-contained 
digital control, or PC-based computer control 

• Custom control systems available 

-------------------Write In No. 390 

-------------------APP Valves are available in a wide 
variety of sizes and 
styles 
• 2-Way and 3-Way 
• High and Low Temperature 
• Explosion Proof 
• High Pressure 
• High Vacuum 
• Metering 
• On-Off 

-----------------_ .. Write In No. 391 

r-----------------------
Automated Pressure Control System 
Automate Your Custom High Pressure 

Applications 

"8 
Features : 

• Generates pressures up to 60,000 PSI 
• Uses a variety of pressurizing fluids 
• Can do multiple-slope pressure-ramps 
• Automatic fluid refill for large volumes 
• Full manual-override control 
• Multiple generator systems available for 

continuous flow or multiple axes 
• Multiple pressure-outlet ports available 
• Windows-based control software 
• Internal torque limits 
• Explosion-proof version available 
• Custom control software available 

-----------------------~ Write In No. 392 

p-----------------------APP Corporate Philosophy 
At Advanced Pressure Products we take 
pride in helping our customers ~ 
Problems. We sell Solutions, not just 
valves and pressure generators. We take 
the time to listen, analyze the problem, and 
then help you with the most Appropriate 
solution . On this page is a sampling of 
some of our capabilities. Please feel free 
to call us toll free and experience the AJ:..E: 
Advantage for yourself. 

~----------------------. Write In No. 393 

APP Custom Control Systems 
A Complete Solution To Your Flow 
And Pressure Control Needs 
Features: 

• Custom designed to Your specifications 
• On-off, metering, solenoid, position-controlled and 

servo-controlled valves 
• Pressure generation systems 
• Flow meters, pressure gauges, and other components 
• Control your existing components 
• Custom software to bring together entire system 
• From small desktop applications to complete 

automated laboratory or process control needs 

r--------------------APP Position Controlled Valves 
Automate Your Custom Gas And 
Fluid Metering Applications 

Features: 
• Your analog voltage is quickly translated into 

position of the metering valve 
• Allows easy remote control 
• Compact, easy to install and operate 
• Completely electric operation 
• Vacuum to 60,000 PSI 
• Easy to retrofit in place of other valves 
• Single and Multiple valve controllers 
• High Temperature version available 
• Explosion-proof version available 
• Cost-effective valve-automation from your existing 

D/A output board 

--------------------~ Write In No. 394 

p--------------------
APP Automated Pressure Gauge 
Testing And Calibration System 

Automate Your Pressure Gauge 
Testing and Calibration 

• • • . '~".s .; ~ ... 
" t · I ~. --.;~ • • . ~ 

- 1(" .
" t 1 .1 • . II ~. . ( 

• Generates pressures up to 60,000 PSI 
• Uses a variety of pressurizing fluids 
• Can do multiple-slope pressure-ramps 
• Automatic fluid refill for large volumes 
• Full manual-override control 
• Multiple generator systems available for 

continuous flow or multiple axes 
• Multiple pressure-outlet ports available 
• Windows-based control software 
• Internal torque limits 
• Explosion-proof version available 
• Custom control software available 

---------------------Write In No. 396 



So your job requires you to analyze 
data, to make sense of numbers. But 
what if you're no expert? What if you 
barely understand statistics? Simple. 
You get your hands on STATGRAPHICS 
Plus for Windows. And then you get 
praised to new heights for your 
spectacular reports and analyses. 

Intuitive Design 
It's as simple as this: STATGRAPlllCS 
Plus for Windows is the easiest-to­
learn, easiest-to-use PC-based 
statistical analysis package you can 
buy. It has the smartest screens 
you've ever seen, with menus that 
guide you through even the most 

complex analyses. Whether or not 
you ever took a statistics course, 
you'll find yourself mastering every­
thing from regression analysis to 
ANOV A. And you can also choose 
from four optional add-on modules 
that make specialized tasks a breeze: 
Quality Control, Experimental 
Design, Time Series, and Multivariate 
Statistics. 

Loaded with Features 
There's more, too. Like the incredible, 
reach-for-your-sunglasses graphics, 
designed to be so interactive that 
they practically read your mind. 
And our revolutionary new StatFolio 

feature, which lets you automatically 
store and re-run an entire analysis 
without worrying about writing 
macros or any complex commands. 
And our Dynamic Data Exchange 
(DDE) link to your favorite Windows 
spreadsheet program eliminates the 
need to import or export files. 

Call Today 
You get the idea. Now call us and 
get the details. Because no matter 
how much, or how little, you know 
about data analysis, STATGRAPlllCS 
Plus for Windows is the smart way 
to get the job done. 

STATGRAPHICS® Plus 
800-592-0050, ext. 450 

In Maryland: 301-984-5123 • Outside the U.S.A: 301-984-5412 • Fax: 301-984-5094 

Manugistics, Inc., 2115 E. Jefferson St., Rockville, MD 20852. STATGRAPHICS is a registered trademark of Statistical Graphics Corporation. Windows is a 
trademark of Microsoft Corporation. STATGRAPHICS Plus for Windows runs on 386·, 486-, and Pentium·based systems with at least 4 MB of RAM and a 
graphics adapter. Authorized international dealers: Australia (03) 602-5088, Canada (416) 369-1630, France (01) 47 78 7800, Germany (0212) 339099, (069) 800530, 
Hong Kong 851-5688, Italy (02) 29404830, Korea (02) 222-3400, Malaysia (03) 717-0077, Mexico (525) 286-3290, Netherlands (03402) 66336, Poland (012) 215911 , 
(609) 497-9104, Singapore 254-5245, Spain (01) 372-8335, Sweden (031) 453740, Taiwan (02) 788·6777, United Kingdom (071) 436-9481 . 

For More Information Write In No. 506 



New on the Market 

The new Video Therm 88 portable 
infrared imaging system from lSI 
Group Inc., Albuquerque, M, uses 
Stationary Image Display technol­
ogy to permit fixed viewing of an 
object w ithout panning. With its AC 
power supply, the lightweight cam­
era is readily transportable, virtually 
maintenance free, and can be oper­
ated continuously. Its high-resolu­
tion image is enhanced using a re­
designed video amplifier and op­
erator-selected recursive filters that 
improve the signal-to-noise ratio . 
For More Information Write In No. 709 

The MAX I/OTM, a network port 
server card from Computer Mod­
ules Inc., Santa Clara, CA, features 
four 16550-compatible seria l ports 
and four para llel ports on a single 
ISA slot (all ports can share one 
interrupt) and software drivers com­
patible with DOS, Windows, or 
Novell . Designed to improve con-

Advanced Micro Controls Inc. , 
Terryville, CT, has introduced the 
DuraCoder*, a user-programmable 
resolver-based encoder that can 
serve as a direct replacement for 
incremental or absolute optical en­
coders in industrial applications. The 
device is plug-compatible with stan­
dard connections to faci litate field 
replacement and can produce out­
puts in either 1-20 mA analog volt­
age or in digita l pulses for com· 
puter-based interfaces. 
For More Information Write I n No. 715 

Yaskawa Electric America Inc. 
Northbrook, IL, has unveiled th 
PROGIC-8, a compact multiaxi 
motion controller that integrate 
motion and sequence control. Th 
PROGIC-8 controls up to eight axe 
and features a built-in programmabl 
logic controller (PLC) for auxilia 
sequencing. Sequence programs fo 
the PLC motion programs, and con 
trol parameters can be loaded, ed 
ited, and saved on a PC or laptop. 
For More Information Write In No.7 

nectivity for Pentium-based multi- ~iiiiiiiiiiiiiiiiiiiiiiiiiiiiii""iiiiiii~ 
user computing systems, the card I 
offers flexible addressing options for 
both ser ial and parallel ports. 
For More I nformation Write I'n No. 700 

A wiring system from Lutze Inc. , 
Charlotte, NC offers a 35% reduc­
tion in cabinet space and up to an 
80% decrease in assembly time. 
The LSCTM system replaces the basic 
back panel with an aluminum frame 
comprising mounting rails, support 
rails, and mounting brackets. As­
sembled like a kit, the frame inte­
grates wire management and elimi· 
nates wire-ways. The design allows 
heat to be dispersed away from the 
components, gives wires the space 
to hang loose inside the mounting 
brackets, and permits access to trace 
and remove wires for inspection 
and replacement. 
For More Infonnation Write In No. 702 
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SCM Products Inc., Islandia, NY, 
has released the Keyboard/MousE 
Quad Switch, a PC add-on that al· 
lows users to control up to four pc­
with just one keyboard and mouse 
The switch features internal memo~ 
and intelligence so that program­
may run undisturbed while switch, 
ing from one PC to another. It reo 
tains several keyboard LED setting! 
(cap-, scroll-, and number-lock) fo 
each PC, and interfaces to any stan 
dard keyboard input. 
For More Information Write In No. 71 / 

A two-terminal solid-state switct 
from Smith Research & Technolog) 
Inc., Colorado Springs, CO, close1 
when alternating current through I 
hole in the case exceeds a presEl 
value. Controlling either AC or DC 
loads without external power, thE 
switch functions from below 10 HJ 
to high audio, with sensitivity in 
creasing with frequency. Contact cha 
ter is prevented by internal hysteresi 
For More Information Write In No. 70~ 

New on the Market 

The ET-DSO family of low-cost, 
high-performance, PC-based digi­
tal storage oscilloscopes (DSOs) 

SimplyVoice for DOS. voice recog­
nition software that provides com­
mand and control via voice for all 
popular software applications, is 
available from Interactive Products 
Inc., Eugene, OR. The package op­
erates as a highly reliable, speaker­
dependent, word (or short phrase) 
isolated system requiring just one 
training pass per command. It can 
contain up to 150words in an active 
vocabulary while hundreds of addi­
tional vocabularies can be · swapped 
in" by voice command. 
For More Information Write In No. 713 

from Emulation Technology Inc., r------------\ 
Santa Clara, CA, can isolate analog 
events at any ti me interval. The DSOs 
provide plug-and-play operation in 
PC environments and bandwidths 
rangi ng from 20-100 M Hz in two­
orfour-channel configurations. Fea­
tu res incl ude PC-based analysis of 
the DSO data, extensive triggering 
capabilities, and portability. 
For More Information Write In No. 708 

The PhoneDucer, 1-420 current 
loop monitor from Elwood Corp., 
Oak Creek, WI, measures the cur­
rent level in 4-20 mA loops via 
internal modem over standard 
phone lines. RequiringnoACpower 
or batteries, the unit includes signal 
conditioning and measurement cir­

Finite element analysis (FEA) soft­
ware for piping and vessel engineers 
has been released by COADE Engi­
neering Software Inc., Houston, TX. 
The easy-to-use FE/Pipe is designed 
to eliminate errors associated with 
current pipe engineering methods 
such as WRC 107, WRC 297, and 
hand calculations . Priced under 
$4000, the program enables engi­
neers with no prior FEA experience 
to generate results in less than day. 
For More Information Write In No. 711 

cu itry with temperature compensa- \------------..... 
tion . Designed to poll remote in- AromatCorp., New Providence, NJ. 
struments, it measures current to an has announced the Soft-ON/OFF 
accuracy of 0.1 % Fu ll Span with photoMOSrelaycombiningfeatures 
0.01 milliamp resolution. of electromechanical relays and 
For More Information Write In No. 703 solid-state relays, as well as relay-

1-------------1 protection circuits known as "arc 
A novel mechanized socket wrench 
from DynamicAerospace ToolsCo., 
Bou lder, CO, fits directly onto any 
hex. nut from any angle and regard­
less of its position . The time-saving 
tool employs a set of high-grade 
steel clutches to lock onto a hex 
tube nut during torque operations 
and then instantly release it to allow 
remova l of the tool from the tubing. 
Operation requires only fitt ing the 
socket on the nut and pressing a 
button-the tool automatically re­
sets to a preselected value for the 
next installation. 
For More Information Write I n No. 714 
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suppressors" and "snubbers." Inter­
nal enhancements to the company' s 
standard photoMOS relay MOSFET 
circuitry extends relay rise and fall 
times. thereby "clamping" the tran­
sients and preventing possible dam­
age to the relay or surrounding cir­
cuit components. 
For More Information Write In No. 718 

Two new greases from Planned Prod­
ucts, Santa Cruz, CA, combine silver 
or carbon with chemically inert. ther­
mallystable, and nonflammablesili­
cone lubricants to protect assem­
blies from wear and environmental 
hazard while providing electrical and 
thermal conductivity. Both formu­
lations cling at high operating tem­
peraturesandcanbeappliedtoseals, 
O-rings, gears, bearings, spines and 
lead screws. The silver grease can be 
used on substation switches, c ircu it 
breakers, and knifeblade switches. 
For More Infonnation Write In No. 701 

s OLIO STATE IS OLR BLSI\ESS 

Our Solid State Relays 
Are Solid In Every Way 

25 years of solid state relay experience-eommerciallindustrial expe­
rience since 1968. All of our products contain that know-how. Our 
price/performance ratios are better than ever. Here is an example: 

The C-t5 ac solid state relays are truly valued engineered, 
employing back-to-back SCRs with a zero crossing tum on 
circuit. They also provide transient free switching of AC 
loads and very low EM! and noise generation. This series 
of solid state relays has versions rated at to and 25 amps rms 
at 250 V rms. These units are packaged in the familiar 
industry standard configuration. 

~TELEDYNE 
ELECTRONIC TECHNOLOGIES 
SOLI 0 STAT ERE LA Y S 

Home Office, 12964 Panama Street, Los Angeles, CA 90066-6534 
Telepbone: 310-577-3825 • FAX: 310-574-2015 

OVERSEAS: GERMANY: (0611) 7636-143; ENGLAND: (081) 571-9596; 
BELGIUM: (02) 717-52-52; JAPAN: (03) 3797-6956. 

For More Information Write in No. 428 

ELECTRO 
Intuitive 
windows-based 
software to 
test designs 
and reduce 
prototyplng . 

2D from $3500.· 
3D from $9500'-
·DOS or UNIX; 
static or eddy current; 
yearly lease; 
purchase optional. 

coli today for a free demo and booklet: 

MagNetS 
Infolytlca Corporation: 
celebrating 15 years of excellence 
phone: (514) 849-8752 FAX: 849-4239 

For More Information Write In No. 429 95 
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CLOSE 
THE GAP! 

"They' re 
Deucedly 
Clever" 

INFLATED 

OVERCOME TROUBLESOME DESIGN PROBLEMS 

~ WEATHER ~ * HEAT/COLD 

,*WATER 

~NOISE 

n LIGHT/DARK 

»») (( PRESSURE/ 
VACUUM 

!CHEMICALS 

.~CONTAMINANTS 

.E- RADIATION 

Inflatable seals in a wide range of sizes and configurations 
are used anywhere a positi ve seal is needed between oppos· 
ing surfaces. It 's the innovative solution for many difficult ap· 
plications. Design assistance available. 

JfK~~~,~~~!!!,~~!~~~!"~~N 
368 MARTINEL DRIVE· KENT, OH 44240-4368 USA 
(216) 673·8410. FAX (216) 673·8242 

For More Information Write in No. 431 

New on the Market 

Autometric Inc. , Alexandria, VA, has 
re leased WarpWM software to speed 
the geometric transformation of 
images and other 20 data arrays. 
Warp lt is a C-ca ll able subroutine 
l ibrary employi ng a highly opti­
mized Nth-order polynomial warp. 
It allows the user to apply first order 
transformations such as rotate, scale, 
and translate, as we ll as higher or­
der warps to introduce curves. 
For More Information Write In No. 71 0 

TheMacNea l-SchwendlerCorp ., Los 
Angeles, CA, has released a W in­
dows version of MSC/NASTRAN, its 
finite element analysis software with 
integrated modeling and postpro­
cess ing. It includes statics, normal 
modes, an d buck li ng analysis. 
Graphics features include dynamic 
rotation, contour and X-Y plots, and 
beam diagrams. Modeling features 
include automatic and mapped 
meshing, material and element prop­
erty libraries, and CAD interfaces. 
For More Information Write In No. 712 

A removable mass storage system 
the size of a matchbook has been 
announced by SunDisk Corp., 
Burlingame, CA. CompactFlash ™ is I-T-h-e-M-K-2-0-0-0- D- C- --D- C- c- o- n-v-e-r-te-r-l 

the first produd toemploySunDisk's from Interpoint Corp., Redmond, 
32Mbitflashtechnologyandsingle WA, provides 80 W/ in3 of usable 
chipATAcontrolier. Weighing just D ' d t I" t power. eSlgne 0 e Imina e or 
half an ounce and operating on a reduce the need fo r external com­
single supply voltage of 3.3 or 5 V, ponents, the device offers up to 200 
the system provides full PCMClA- W of output power in an industry 
ATA functionality, yet is one-fourth standard half-sized case (2.4 X 2.28 
the volume of standard PCMClA 

X 0.45 in). Its innovative design 
Type II cards (36 X 43 X 3.3 mm). employs internal filter networks fo r 
For More Infonnation Write In No. 717 
1--------------1 stable operation of all rated loading 

EG&G Flow Technology, Phoenix, 
AZ, has introduced the Smartflo™ 
Seriesofturbineflowmeters for mass 
or volumetric liquid flow measure­
ment applications requiring accu­
racy, wide flow ranges, and fast 
response. Smartflo features inte­
grally-mounted, microprocessor­
based "smart" electronics that per­
form all temperature compensation 
functions internally to improve the 
meter's range and accuracy. 
For More Infonnation Write In No. 707 

Elgar Corp., San Diego, CA, has 
introduced the SmartWave™ AC 
power source thatdelivers 5250 VA 
with a power density of 1.35 VNin3 

fo r ATE and power line disturbance 
simulation. The unit provides three 
independent arbitrary waveform 
generators and transformerless and 
direct-coupled amplifiers to permit 
users to create, ed it, and generate 
complex waveforms w ith high DC 
content. The SmartWave also can 
create phase-controlled sub-cycle or 
mu lti-cycle drop-outs, spikes, sags, 
surges, and frequency excursions. 
For More Information Write In No. 719 

conditions w ith no external capaci­
tors. Low no ise level eliminates the 
need fo r external filters while oper­
ating efficiencies up to 90% reduce 
heat sink requirements. 
For More Information Write In No. 720 

A direct drive rotary table intro­
duced by New England Affiliated 
Technologies, Lawrence, MA, fea­
turesspeedsfrom less than 1 o/secto 
1,000o/sec, load capacity of 500 lb. 
axial and 1 DO ft-Ibtorsional, ±O.OOl ° 
repeatability, ±0.005° accuracy, and 
unlimited rotation. A crossed roller 
bearing supports high loads while 
minimizing vertical and radial 
runout. Direct mounting of the mo­
tor rotor to the user's mounting sur­
face maximizes the unit's high out­
puttorque capabi I ities and increases 
velocities and accelerations. 
For More Information Write In No. 704 
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New on the Market 

The new VideoTherm 88 portable 
infrared imaging system from 151 
Group Inc., Albuquerque, NM, uses 
Stationary Image Display techno l­
ogy to permit fixed viewing of an 
object without panning. W ith itsAC 
power supply, the lightweight cam­
era is readily transportable, virtually 

ma intenance free, and can beoper- Advanced Micro Contro ls Inc., 
aled continuously. lIs high-resolu- Terryv ille, CT, has introduced the 
tion image is enhanced using a re- DuraCoder®, a user-programmable 
designed video ampli fier and op- resolver-based encoder that can 
erator-selected recursive filters that serve as a direct repl acement for 
improve the signal-to-noise ratio. incremental or absolute optica l en-
For More Information Write In No. 709 

I---'_~'""-____ ~~~~~-j coders in industrial applications. The 

The MAX I/OTM, a network port 
server card from Computer Mod­
ules Inc. , Santa Clara, CA, features 
four 16550-compatible serial ports 
and four parall el ports on a sing le 
ISA slot (a ll ports can share one 
interrupt) and software drivers com­
patibl e w ith DOS, Windows, or 
Novell. Designed to improve con­

device is plug-compatible w ith stan­
dard connections to faci li tate fi eld 
replacement and ca n produce out­
puts in ei ther 1-20 mA ana log vo lt­
age or in digi tal pu lses for com­
puter-based interfaces. 
For More Information Write In No. 715 

Yaskawa Electric America Inc., 
Northbrook, IL, has unvei led the 
PROG IC-8, a compact multiax is 
motion controller that integrates 
motion and sequence control. The 
PROGIC-8 controls up to eight axes 
and features a built-in programmable 
logic controller (PLC) for auxiliary 
sequencing. Sequence programs for 
the PLC, motion programs, and con­
trol parameters ca n be loaded, ed­
ited, and saved on a PC or laptop. 
For More Information Write In No. 706 

nect ivity for Pentium-based multi- ~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiji;i_iiiiiiiiiiii_ 
user computing systems, the ca rd I 
offers flexible addressing options for 
both seria l and para llel ports. 
For More Information Write I·n No. 700 

A wiring system from Lutze Inc., 
Charlotte, NC, offers a 35% reduc­
tion in cabinet space and up to an 
80% decrease in assembly time. 
The LSC'M system replaces the basic 
back panel wi th an aluminum frame 
comprising mounting rai ls, support 
rails, and mounti ng brackets. As­
sembled like a kit, the frame inte­
grates wire management and elim i­
nates wire-ways. The design allows 
heat to be dispersed away from the 
components, gives wires the space 
to hang loose inside the mounting 
brackels, and permits access to trace 
and remove wi res for inspection 
and replacement. 
For More Information Write In No. 702 
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SCM Products Inc., Islandia, NY, 
has released the Keyboard/Mouse 
Quad Switch, a PC add-on that al­
lows users to control up to four pes 
with just one keyboard and mouse. 
Theswitch features interna l memory 
and intelligence so that programs 
may run undisturbed wh ile switch­
ing from one PC to another. It re­
tains several keyboard LED settings 
(cap-, scro ll-, and number- lock) for 
each PC, and interfaces to any stan­
dard keyboard input. 
For More Information Write In No. 716 

A two-terminal solid-state switch 
from Smith Research & Techno logy 
Inc., Co lorado Springs, CO, closes 
when alternating current through a 
hole in the case exceeds a preset 
va lue. Contro lling either AC or DC 
loads w ithout externa l power, the 
switch functions from below 10 Hz 
to high audio, w ith sensitivity in, 
creasing w ith frequency. Contact chat­
ter is prevented by internal hysteresis. 
For More Information Write In No. 705 

NEW FOR OEMs! FLEXIBLE 
NONCONTACT POSITION SENSORS 

Let us customize our SMU-9000 inductive position 
sensors to your requirements. We can adapt sensor 
size (we offer the world's smallest), packaging, and 
more. We combine this flexibility with outstanding 
performance: superior resolution, thermal stability, 
submersibility, etc. Call for assistance and a quote. 

800-552-6267 
Kaman Instrumentation, 1500 Garden of the Gods Rd. 
Colorado Springs , Colorado 80907 
Phone 719-599-1132,Fax 719-599-1823 

KAMAN 

SONEX. 
400% 

BETTER. 

So unique, so advanced, so effective, 
SONEX is 400% better than other noise 
control products. Find out why. 
Send for your free brochure. 

FREE BROCHURE! 

13- illbruck 
Minneapolis, Minnesota 

1-800-662-0032 
(612) 520·3620 

For More Information Write in No. 433 97 



High Resolution 
' S-line Recording 
of FrtlR & Video 
RS·343 

875·LlNE 
VIDEO 

SOURCE 

87MINE 
VIDEO 

VIDEO RECORDER 

VIDEO CASSETIE 

1111 ......... -1 875·LlNE VIDEO 
MONITOR 

RS·170 VIDEO 

UPSCAN 
SCAN CONVERTER 

RS·343 VIDEO 

Improved Horizontal Resolution 
Merlin Scan Converter Systems translate 875-line video to 525-line 
format for standard, low-cost video equipment. The difference be­
tween 875-line and 525-line rate recording 
provides better a image by improving hori­
zontal resolution. Available in 120VAC and 
in 120VAC and 28VDC configurations. 

Merlin 
MERLIN ENGINEERING WORKS 

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

For More Inform ation Wr it e In No. 434 

Make sure the air 
filter does justice to 
your O.E.M. design 

98 

Specify Universal, and get air filters custom designed to: 
· Meet your specs precisely 
· Keep your product clean 
· Be easily maintained 
· Withstand serious abuse 

... air filters custom manufactured with a wide choice of 
media, to close tolerances, under strict quality control, 
by people who value their· reputation. 
Phone or Fax now while you're thinking about it, for a free 
sample fil ter and technical data. Call 1-800-541-3478 or 
618-271-7300, or Fax 618-271-8808. 

On spec. . . on time . .. every time 

Universal air filter 
company 

IDI 3400 Missouri Avenue P.O. Box 853 
East St. Louis , Illinois 62203 

For More Information Write In No. 435 

New Literature 

A guide to temperature and liquid 
level probes for cryogenic applica­
t ions has been pub lished by Scien­
tific Instruments Inc., West Palm 
Beach, FL. The field-tested probes 
feature rugged assemblies, quick 
time response, intrinsic safety, and 
multimedia use. 
For More Information Write In No. 721 

~ CRYOGENIC TEMPERATURE &. 
~ L1QUlD LEVEL PROBE ASSEMBLI ES 

r-------------------~ 
Products designed to make video 
technology easier to capture, trans­
fer, and manage are described in 
literature from Toshiba Video Com­
munica tions and Information Sys­
tems, Buffalo Grove, IL. Entitled " Im­
age TransferTechnology," the gUide 
features microminiature cameras, 
high-performance monitors, studio­
qua li ty VCRs, and high-resolution 
printers. An easy-to-read product 
selection chart also is provided. 
For More Information Write In No. 724 

A 120-page catalog from De-Sta-Co, 
Troy, MI, provides technical informa­
tion on a wide range of clamps. 
Featured products include new 
heavy-duty toggle c lamps, Toggle 
Lock Plus clamps, and hydrau li c 
devices. The publication illustrates 
verti ca l and horizontal hold-down 
action c lamps and straight-line, 
latch, and squeeze action c lamps. 
For More Information Write In No. 722 

A thermoelectric cooling systems 
design guide has been published by 
Marlow Industries Inc., Dallas, TX . 
The 20-page booklet addresses ther­
moelectric theory, estimating heat 
loads, se lecting one- or two-stage 
thermoelectric coolers, power sup­
pl y requirements, and mounting 
methods. Applications include in­
frared detectors, !I ir-to-ai r exchang­
ers, charge-coupled devices, liquid 
exchangers, and high-speed inte­
grated ci rcu its. 
For More Information Write In No. 726 

A new plastic coupling fo r extreme 
temperatures is described in a bro-
chure from Colder Products Com- I ~~~~~~~~~~~~~-I 
pany, St. Paul , MN. The HGC-35 f­
quick disconnect couplings, made 
from plastic polysulfone resin, ca n 
handle temperatures from -40 to 
138 °C, repeated autoclaving, boil ­
ing water, strong oxidants such as 
bleach, and other chemica ls. They 
are avail able in panel mount, in 
line, elbow, and pipe thread con­
figu rat ions to fit 3/8", 1/2", and 3/4" 
hose barbs. 
For More Information Write In No. 723 

FutureVision, Buchanan, GA, has 
published Space Industria l iza tion: 
A Guide to Government Informa­
tion, a book let listing 439 related 
documents i sued by the US gov­
ernment since the late 1970s . Sub­
jects include launch vehicles and 
services, remote sensing, commer­
cial space policy, space nuclea r 
power, and the activi ti es of fo reign 
space programs. 
For More Information Write In No. 725 

M iles' Polymers Division, Pittsburgh, 
PA, has released a brochure detail ­
ing the uses and benefi ts of Tex in 
and Desmopan thermoplastic poly­
urethanes, which bridge the gap 
between rubber and plastic. The 
materia ls provide the process ing 
effic iencies typi ca l of thermop las­
tics, whether injection molded, ex­
truded, or blow-mo lded. Perfo r­
mance ben~fits include high abra­
sion resistance and tensile strength, 
fl exibility over a w ide temperature 
range, and elastici ty over the entire 
hardness range. 
For More Information Write In No. 727 
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MAR KETP LAC E To Advertise - Call (212) 490-3999 

AVAMERICAN 
VARISEAL 

Low Friction Seals 
for Low and High Pressures 

• Low friction, chemically inert 
Turcon- seal compounds 

• Vacuum to 30000+ psi 
• -350 to t575°F 
• Standard, metric and custom sizes 

For free product literature 
and technical support call: 

1-800-466-1727 
FAX: 303-469-4874 

A_oI_'~ 

For More Infonnation Write In No_ 575 

direct/Y in 
hanging file 

_ ...... =..-:1 drawers with 
unique "'L1:-!1A'~'- 1 
hangers. 

Perfect for any 
multiple page 
document! 

1i.==~l:1 
Just side it hough 1he in 1he nLJ:-nMo'U 

RlE-BAR 9...pports 300 page documents 
and occepts standard folder labels. 

$3.99 Ipock of 6 + $1.50 s&h 
10 packs /S35.EfJ + 56.50 s&h. CA odd 7.5"10 tax 

Send check 01' money OI'der to: 
FileDirecf! 
P.O. Box 2093 
Del Mar, CA 92014 
(800) 845-3227 

in USA. 

" TisSim 
" For nonlinear simulation and control 

- '-'1-

• Fully inlegrated design, 
simulation, & display program 

• Inluitive block diagram 
inlerface 

• DOE, DLL, and MalLablt 

compatibility 

)/ 

-j.j 

Companion products art 

milablelot 

linearization Mel anaJysis 
C oode genetation 
Neu!aI neIWof1(s 

Real-time siooIaIion 
Daaacqlisition 

Westront, MA(tIS86 

508l392-()100 TEl 5081692-3102 fAX 

For More Infonnation Write In No. 581 
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RUGGED, HIGH PERFORMANCE AND 
LIGHT WEiGHF SYSTEM WITH 
COLOR m LCD VGA DlPLAY 

ST-35OOI.CD STANDARD FEAlURES INCLUDE: 
• 14 SlOT PASSIVE BACK PlANE, ISA/EISA/PCl 
• 300WATT UO/22OY AC 50400HZ POWER SUPPlY 
• 80486DX2-ll6 OR PENTIUM 60/66/90 CPU CARD 
• 10.4" m COlOR DISPlAY, 640X480X256 COlORS 
• SHOCK ISOLATED DRIVE CAGE TO MOUNT ONE 3.5" AND 

lWO 5.25" HALF HEIGHT DRIVES 
• 2 SERIAL AND 1 PARALLEL PORTS, MS OOS 6.22 
AVAILABlE IN VARIOUS AND CUSTOM CONAGURATIONS. 
FOR FURTHER DETAILS CONTACT: 

IBI SYSTEMS INC., 6842 NW 20 AVE 
FT. LAUDERDALE, FL 33309 

305-978-9225 FAX: 305-978-9226 

For More Infonnation Write In No. 576 

SCSI 
That Goes the Distance 

I 
7875 Convoy Court, San Diego. 0192111 

(619) 560-7266 Fax: 619-560-8929 

For More Infonnation Write In No. 579 

, 
.... Ofi"e.-. \..i\)fa~" 
f~- ep· F~uring 

e.O",pOt' over 50,000 
Off.The-Sheif Inch & 

Metric, Commercial & Precision 
SmaU Drtve Components 

2101 Jericho Turnpike. Box 5416 
New Hyde Pork. NY 11042-5416 

For More Infonnatlon Write In No. 582 

Best Value in the World 
for 

POL YIMlDE & FR4 
1 to 5 DAY TURN 

110 12l.ayen 

PRINTED CIRCUIT PROTOTYPES .. . . 
LAYERS 1 2 3&' 5&6 7&8 

15 $233 $292 $639 $787 $935 
SOUIoJ1E 30 264 330 n. 891 1058 .... 

UP 60 311 S89 853 1049 1137 
!Q 90 358 448 -1207 1434 

120 385 ... 1044 1311 1559 
• 5 PIECES x 1.34 • 5 DAY PRICES ABOVE 
• 10 PIECES x 1.67 • Ul USTED 

, .. : 

• coo 
10% 

FOR MORE INFORMATION C 

Ken Bahl • 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
_11«4O!I)735·7131 FAX (4O!I)135·14O!I Modc:m(408)135·9842 

For More Infonnation Write In No. 577 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
FrE*! 130 page product catalog from Rolyn. 
world's largest supplier of "Off-the-Shelf" optiCS. 
24-hour delivery of simple or compound lenses. 
filters. prisms. mirrors. beamsplitters . reticles, 
objectives. eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle. Covina, CA 91722-2199. (818)915- 5707. 
FAX (818)915-1379 

For More Infonnation Write In No. 580 

Our C-programmable miniature controllers are ideal as the 
brains for control applications, data acquisition, and test and 
nneasurement. Features include digital 110 to 400 lines, ADCS, 
OACS, relays, solenoid drivers, RS2321RS485, battery-backed 
RAM, clock, watchdog, LCOS, keypads, enclosures and more. 
Use our simple, yet powerful, Dynamic C'" development 
system ($195 integrated editor, compiler and debugger) for 
quick project completion! 
24·Hour Autofax 1n4 Picasso Ave. 
916.753.0618. Call Davr.;, CA 95616 
from ,.."FAX. 916]57.3737 "'iI ••• ., 
Request catalog 18. 916.753.5141 FAX . 

For More Infonnation Write In No. 583 
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TIRE OF GmlNG 

Rely on Integrated Solutions 
You can be confident of your results with KELVIN. rES's new 
20 axi-symmetrical thennal analysis program conveniently 
works in conjunction with current IES programs. So you can 
add proven accuracy to KELVIN's slate of advanced features 
for heat transfer analysis. 

Rely on Proven Software 
KELVIN like all IES programs is based on the Boundary 
Element Method (BEM), renowned for its powerful solution 
algorithms. The results are easy-to-learn, easy-to-use programs 
that shorten design cycles, reduce prototyping and save 
you money. 

Rely on a Proven Company 
Integrated Engineering Software has been providing design 
engineers with software packages for over ten years. Our 
established development team understands the importance of 
finding the answers to your problems as quickly and effortlessly 
as possible. For this very reason, all of our programs are fully 

integrated around a co venient user interface, time-saving 
geometry transfer and II analysis capabilities. 

Discover how rES can give accurate results for your thennal 
analysis applications faster. Better. Easier. W ith rES software 
you can stop worrying a ut getring burnt - and let your 
competition be the one to get scorched. 

Contact US today for a 30 Day No-Charge Evaluation. 

IN EGRAT E D 
ENOl EERINO SOFTWARE 
Tel: (204 632-5636 Fax: (204) 633-7780 
email: inintegrated.mb.ca 

For More WrIte In No. 653 



continued from page 14 

CLIPS: A "Clip-On" Expert 
Systems Program 

If limitations Qn a slight variation on the 
adage) are the parents of invention, then 
NASA's computing conditions provided 
ground for innovation. Gary Riley, a com­
puter engineer in the Software 
Technology Branch at NASA's Johnson 
Space Center, said that NASA computer 
hardware, because of the lengthy flight 
certification process, often was "not up to 
date." In the early 1980s, when NASA 
Johnson needed to build complex expert 
systems to solve problems that required 
human-like expertise, "We had comput­
ers that were not supported by the ven­
dors anymore, so we couldn't expect 
them to develop programs that required 
complex interfaces," Riley said. So his 
team was forced to devise its own solu­
tion-the C-Language Integrated 
Production System (CLIPS). 

Understanding CLIPS and its success 
lies in understanding how it solved or cir­
cumvented a number of problems NASA 
and other organizations faced at the time 
it was devised. One limitation for Riley 
was the cost of high-end, expert-system 
software, which could run $40,000-
50,000, with long-term licensing fees. 

Another problem was that, in the early 
1980s, LISP was the language of expert 
systems but was not appropriate for 
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NASA. According to Riley, LISP has a 
"garbage-collecting" feature that auto­
matically begins processing in the middle 
of program operation. Although this fea­
ture is convenient for accounting for 
material in your system, "it can be trou­
ble if you're in the middle of monitoring 
an engine when it comes on," he said. 

So Riley's team set about writing their 
expert system interface program in C­
the most common language in the scien­
tific community. They wrote the program 
to be integrated into various applications 
environments, and to achieve portability 
they developed the "portable kernel" 
concept. "The basic core of CLIPS," 
Riley said, "is set up like a DOS prompt 
that will work on any machine-PC, 
Mac, or the Cray supercomputer." To 
increase versatility, CLIPS has access 
functions that allow it to be embedded 
within other programs so that an expert 
system can be called up as a subroutine, 
or other information in CLIPS can be 
accessed. Innovative at the time, this 
feature has since been integrated 
throughout the industry. 

A unique feature of CLIPS is the,avail­
ability of its source code, enabling other 
programmers to use the program as a 
foundation to build up their own func­
tionalities. "This makes it easy to add 
other things to the program-several 
companies have made modifications to it 
and sold it as a product," Riley said. "It's 
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become a resource." 
CLIPS has been used extensively both 

within and outside NASA. Riley's branch 
at Johnson has used it to monitor sys­
tems that read and comment on teleme­
try data. That center also employed it in 
Intelligent Computer Training for flight 
controllers. 

Other applications include a dairy herd 
management program that analyzes milk 
production at various dairies. The CLIPS 
part of the program draws up recom­
mendations for the user-perhaps to 
provide a clean, dry environment for the 
udders, limit fly population, or provide 
more ventilation. Further, Excellerator II, 
from INTERSOLV, Inc., employs CLIPS 
in its planning, analysis, and design pro­
gram that helps organizations foster a 
manageable, predictable, and repeatable 
development process building on current 
strengths. And MathSoft Inc. used it in 
SmartMath, which provides an intelligent 
interface between the user's problem 
and the company's Mathcad technical 
calculation program. SmartMath reviews 
the user input and devises a problem­
solving strategy by writing a new set of 
Mathcad equations.D 

For more information about the tech­
nologies described above, contact the 
technology transfer officer at the NASA 
Field Center that sponsored the research 
(see page 20). 
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Extensive technical documentation 
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Integrate with data acquisition products 
30 Day money back guarantee 

POSITIONING TABLES 

• 18" XY table only $799 
Use with any size 23 motor 
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Maxwell's simulation matches 
the measured force vs. stroke 
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This outstanding accuracy 
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prototyping. 
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When you take a closer look, the closer look at the 
WindoGraf 980 recorder shows you more and more. 

Look Now: Our monitor provides a valuable real-time ~~---,-< New WindoGraf 9S0 recorder! 
signal display -horizontal or vertical format up to 200 mmls. So now 
you can minimize paper usage by performing trace setup and 
monitoring without running the chart. Look Later: Capture signals to 
removable PCMClA hard drives with more than 100 Mbyte capacity; 
record data continuously for one week. 

Look Selectively: Gould offers a wide range of plug-in signal 
conditioners that isolate the signal characteristics you want. Look and 
Analyze: Our optional software makes it easy to review and analyze 
WindoGraf 980 recorder signals on a standard PC under 
the Microso Windows'" operating system. 

WindoGraf 980 recorder. Look no further. 
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