


The Programmer's 
Choice for 
Instrumentation 

Introducing lab Wmdows®/CVI 
for Wmdows and Sun 

Constructing an instrumentation system? Whether 
it's data acquisition, process monitoring, or auto
mated test, you'll have to integrate your system 

hardware and software, on time and under budget. 
Welcome to LabWindows/CVI - the software tools to take 
your system from blueprint to reality. 

Industry-Standard Foundation 
LabWindows/CVI is based on industry standards - so it's 
flexible enough for any job. Program in C. Run under 
Windows or UNIX. Acquire data and control your 
instruments using the standard NI-488.2'", NI-VXI'", and 
NI-DAQ® driver software. Simplify instrument control 
with the 300+ drivers in the growing LabWindows GPIB, 
VXI, and RS-232 instrument libraries. 

ware architecture. You can integrate external DLLs, 
object modules, or libraries into your LabWindows/CVI 
programs. Or, use the DDE or TCP/IP libraries to 
communicate with other applications and computers. 
And, you can run all of your programs created with 
LabWindows for DOS. 

Interactive Programming Tools 
LabWindows/CVI combines the productivity of inter
active code generation with the speed and flexibility of 
ANSI C programming. Whether you are a casual 
developer or a professional software engineer, you'll 
assemble instrumentation systems faster, easier, and 
more effectively with LabWindows/CVI. 

Open Software Architecture ~r. NATIONAL 
LabWindows/CVI is built on an open SOft- . INSTRUMENTS® 

~ The Software is tbe Instrument ® 

Ca ll now for a 
FREE brochure! 
(800) 433-3488 
(U.s. and Canada) 
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From parallel 860s, to 386, 486, Pentiums and Alphas ... 

NDpTM Fortran and CIC++ 
Drive Them All! 

Microway's industry-leading 
32-bit Fortran produces the 

highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 
NDP Fortran was used to port 
industry standards like SRAC's 
COSMOS/M to the 486 and is 
required to use Aspen Tech's ASPEN 
PLUS, IBM's OSL, and Fluid Dynamics' 
FIDAP. The compiler uses advanced numeric optimizations 
and instruction scheduling which favor fast numerics and 
RISC devices. 

NDP Fortran, CIC++, Pascal 
and our new Fortran 90 
for the 386, 486, 
Pentium, and 860 run 
under either Extended 
OOS, OS/2, NT, UNIX 
Y.3/4, SOLARlS, or 
COHERENT. 

The extended OOS 

Micro 
Way 

NDPC-IJ6If 

Micro 
/Nay 

compilers feature GREX, Microway's proprietary device
independent graphics library. To run large applications on 
OOS, our VCPI-based, demand paged virtual memory is 
superior to all alternatives. We also offer DPMI support for 
the OS/2 and the Windows OOS Prompt Box. The OS/2 
compilers include support for OS/2's 32-bitgraphics engine. 

Microway's NDP Fortran 90 is a full implementation of the 
ANSI Fortran 90, which includes the entire array syntax 
notation, dynamic memory allocation, module definitions, 
and a complete library of intrinsics. Call for your free demo 
disk and white paper. 

If you plan to use a 386, 486, 860 or Pentium and require 
portability across operating systems, numeric speed, 

precision and superior technical support, then NDP Fortran, 
C I C++ or Pascal is the only solution. 

QuadPute~.860 •• • 256 Megaflops 
The 200 megaflops of Microway's QuadPuter-860 are optimally 
harnessed using NDP Fortran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer . 

GIGACUBE ™ 
Microway can build 
you a customized one 
gigaflop NFS compu
tational server using 
five QuadPuters® 
running in one of our 
industrial grade Towers 
for under $50K. We 
also configure less 
expensive 486 work
stations. All feature 
indus trial grade Ameri
can power supplies 
based on Todd cores 
and flow-through 
filtered cooling. 

To learn why more government research labs, universities and 
engineers worldwide specify "Microway" call our Technical 
Support Department. 

Please call for your copy of our white paper "Pentium Code Generation " 
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An Engineer's Spreadsheet 
Under Windows? 
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DADiSP combines more than 500 functions for displaying and 
analyzing your type of data with the power and flexibility of a 
spreadsheet. Construct sophisticated data analysis in windows, 
in seconds, at a new level of price/performance. 

Now Data Analysis is as 
easy as pushing a button. 
No more fumbling with business software. And no need to 
learn a new programming language. Justpoint and click 
and DADiSP displays your results immediately. Load 
a new data series, matrix, signal or image, and all 
cells update automatically. 

Extended features tackle your 
toughest Data Analysis problems. 
With DADiSP, you can build an endless number of new work
sheets and even your own custom menus. And DADiSPIDDE 
let's you run external software-IEEE 488 drivers, data 
acquisition software, even your own analysis prograw;. 

Call today: 1·800·777· 5151 
for your Free DADiSP Trial Kit. DADiSP is available for SUN, 
HP, IBM, NeXT, DEC, Concurrent, and Silicon Graphics work 
DS p stations, and of course, IBM PC compatibles. 

Corporation 

One Kendall Square Cambridge, MA 02139 
Phone 617·577· 1133, FAX 617-577-8211 
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QuikVuTJI

// DAS software 
adds a new dimension 
to TEAC's 100 Series DAT 
data recorders 

MORE CHOICES, GREATER CAPABILI'IY, 
LESS COST. Now you can choose single or 
double speed, 2 to 16 channels with a 
maximum frequency response from DC to 
20 kHz, at prices as low as $1175 per OAT 
channel·. The SIN ratio of the TEAC 100 
Series recorder is greater than 78 dB, 
coupled with a maximum 10 phase 
differential between channels. Record 
times run up to 3 hours. 

There's a full range of dedicated annotation 
features including time code, ID, tape 
counter, recorder conditions and voice 
memo. Control options including GPm, 
direct digital control with digital download, 
and wired remote control unit. 

If that's not enough, there's tape compat· 
ibility across most of the 100 Series recorder 
family; 3.072 MbiWsec. biphase or 2.0 
MbiWsec. NRZL serial digital recording; 
and a built-in microphone and speaker. 
Plus optional Mil-Std-1553 reconVplayback 
or PCM interfaces. 

Suitable for either lab or field use, the 100 
Series OAT data recorder weighs as little as 
13 pounds; is rugged; and can operate on 
AC or DC power with optional battery backup. 

Take a quick look at TEAC's QuikVu'" II 
and the 1 00 Series recorders and you 'Il 
know why we're still #1 in small format 
data recorders. 

~I"C\llk·"U'~~.ll o.IUf\: and pn..t~\~II:;I.."\.1.lr·l..h.ln'Ct" \\IEI,,)Ut n(1(k-tO 
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Introducing QuikVu'" II, a single disk, 300KB data acquisition program you can 
learn to operate in less than 1 hour. Now you can manage your data with user
friendly prompts and English commands. Before, during and after recording. 
QuikVu'" II is compatible with most TEAC 100 Serie OAT data recorders. 

For More Information Write In No. 660 

TEAC. 
INFORMATION PRODUCTS DIVI ION 

7733 Telegraph Road, MomebeUo, CA 90640 
West 2 13-726-0303 Ext. 6 1 l1,sr 508-683·8322 

e 1993 TEAC America, Inc. 



New Speed. New Price. 
New LABTECH@NOTEBOOK! 

=I IABllCItNOlfBOOK lIunTlIlI1' 
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Jsteam Temp. 
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Interface Point 

Range 

Thcnnocouple Type 

Temperature Range 

NOTEBOOK at 1 MHz? YES! 
Exceptional ease-of-use has made LABTECH's data 
acquisition software an industry standard for over 
13 years. And now, we've radically re-engineered 
NOTEBOOK with a 100% true Windows look-and
feeL We've proven once again that LABTECH 

NOTEBOOK automatically supports over sao 
popular data acquisition I/O boards and boxes, 
through the magic of LABTECH's new Universal 
Driver. No other data acquiSition software is this 
open or offers device support this extensive. Period. 

stands as the undisputed 
leader in open-systems data 
acquisition applications 
software that, above all, is 
intuitive and easy to use. 

Start collecting data right 
away, with a few simple 
mouse clicks using dynamic 
dialog boxes, icon bars, and 
intelligent drag-and-drop 
features. 

LABTECH 

What's New in Version 8 
• High-speed data streaming (fo 1 MHz!) 

with Data Translation, Keithley, UEI, and more· 
• Open-system Universal Driver (over 500 devices!) 
• Global parameter changes across icons 
• Object drawing package (With animation!) 
• Hierarchical icon grouping (You asked for it!) 
• Drill-down layer navigation (Multiple views!) · 
• Remote network monitoring (and control!) 
• Extensive, Windows-style on-line help 
• Multimedia support· (It talks!) 
• Bit-map image support· __ .and more! 

With an installed base of 
over 30,000 copies, 
NOTEBOOK is the original 
and still the best PC-based 
software for laboratory and 
test data acquiSition, 
analysis and controL 

Call now to order or get 
your free evaluation copy! 

NOTEBOOK ~ $495 
NOTEBOOKpro $~ $995 

,---------------, 
I Call now to Order! I 

400 Research Dr. Wilmington MA 01887 · USA· FAX (508) 658-9972 I 1-800-899-1612 X 5804 I 
LABTECH is a rtgisurtd trademark of Laix)rotory Technologies Corporation. Windows Is a trademark. ofMlcroso{t Corporatioll 
• These (tatum art available in NOTEBOOKpro. L ______________ .J 

For More Information Write In No. 652 





FEATURES 
12 Mission Accomplished 

TECHNICAL SECTION 
22 Special Focus: 
~I Robotics/Automation 
~. 22 Advanced Teleoperator Control System 
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(continued on page 8) 

Johnson Space Center engineers have designed a pressure
assisted compound seal for use on frequently opened hatches. Two 
elastomeric rings provide redundancy and are retained positively 
so that they are not pulled out when the hatch is opened. The seal 
makes contact with the hatch well before the hatch starts to squeeze 
the rings, which extends the distance over which the seal becomes 
engaged and provides stronger sealing action. See the tech brief 
on page 80. 

Photo courtesy Johnson Space Center 
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To Backup 50 GB, Two Heads 
Are Better Than One. 

Single: 
Drives can 
operate in
dependently. 

Cascade: 
Data automatically writes 
to the second tape when 
the first tape is full . 

Mirroring: 
Writes the same data 
to both tapes 
simultaneously. 

Striping: 
Writes data to two tapes at 
once, in alternate blocks, 
doubling capacity and speed. 

> Write-Mirrored BOT 10.2 COMP > Wri te-Mirrored BOT 10.2 f'''''1Ir'''_ 
25.480 MB Rer',ainin9 1100 KB/5 00.3 % ECC • 480 MB ReMaining 1100 1(8/5 00.3 % 

8 -
____ ~==~ .. ~~~~==========----I C~ASW5 1 

Introducing the dual drive 
CY-8505 with the Advanced SCSI 
Processor. 

Working independently, each 
drive can store up to 25 GB, at 
speeds of Up to 90 MB per minute. 
So it's perfect for unattended backup. 

But performance really hits the 
ceiling when the drives work together. 

Four selectable recording modes, 
plus offline copy and verify, give you 
the flexibility to write 50 GB of data 
any way you need to . 

Consider it a data storage 
management tool, a solution that will 
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 produc
tivity on every level. 

Each tape drive offers the most 
advanced in data recording technol
ogy. Our hardware data compression 

TRUE COMPATIBILITY WITH ----------
Alliant Convergent DEC Unibus IBM S/38 NeXT Pertec STC 
Alpha Micro DataGeneral GouldiEncore ICl Novell PICK Stratus 
Altos DEC SCSI HP Intergraph OS/2 Plexus Sun 
Apollo DEC BI·Bus IBM AS!400 Macintosh PS/2 Prime Texas 
Arix DEC DSSI IBM Mainframe McDonnell Parallel Port Pyramid Instruments 
AT&T DEC HSC IBM RISC! Douglas PC 3861ix Sequent Unisys 
Basic-4 DEC Q-Bus 6000 Motorola PC MS·DQS Silicon Ultimate 
Concurrent DEC TUfTA81 IBMRT NCR PC Xenix/Unix Graphics Wang-and more 

Rock Landing Corporate Center ' 11846 Rock Landing · Newport News, VA 23606 · Fax: (804) 873-8836 

option is the fastest available. And 
it's switch-selectable, so you can read 
and write uncompressed data for 
compatibility with other sites. Add 
accelerated file access to locate a single 
file in an average of 85 seconds. And 
we even offer a data encryption option 
that lets you control access to 
sensitive data. 

All this, and the proven reliability 
and price performance of 8mm 
helical scan tape storage. 

We back this turnkey solution 
with a two year warranty that in
cludes responSive service and 
technical support from our in-house 
engineering group. 

If you need a data storage 
solution that means business , call 
today for more information at: 

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

CYBERNETICS 
For lIoN InfonnIItIon wrtt. In No. 578 



Contents (continued) 

74 Mechanics 

o 74 

74 

Automatically Locking/Unlocking Orthotic 
Knee Joint 
Estimating Sinusoidal Pressure Waves in a 
Pump Volute 

77 Analyzing Acoustic Propagation in a Pump 
Diffuser and Volute 

78 Viewport Wiper 
80 Pressure Seal for Frequently Opened Hatch 
80 Safety Hamess for Work Under Suspended 

Load 
82 Modular Cooling Components 

84 Machinery 
JIc.. 84 Partly Loading a Disengaged Ball Bearing 
~ To Reduce Wear 

88 Fabrication Technology 
~ 88 uE" Heating Head IE! 89 Tank Made of Connected Cooling Fins 

90 Mathematics and Information 

tj Sciences 
90 Subband and Transform Compression of 

Video Signals 

91 Life Sciences 

~ 91 
Regenerable Iodine Water-Disinfection 
System 

DEPARTMENTS 
New Product Ideas ...................................... 18 

NASA Technology Transfer Services ••••••• .20 

New on the Market ...................................... 96 
New Literature •.•••••••.•.••••••••••••••••••••••••••••••••• 98 
Advertisers Index ...................................... 101 

A control software system for an experimental seven-degree-of
freedom telerobot developed at the Jet Propulsion Laboratory max
imizes performance through the use of multiple control modules, 
each of which provides parameter-driven control of specific ro
bot functions. The software, which runs in the Ada language on mul
tiple 68020 processors, enables simultaneous force control, tra
jectory generation, and collision avoidance. For more information 
seepage 30. 

Photo courtesy the Jet Propulsion Laboratory 
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On the cOlier: 
PC X display server software from Hummingbird Communications 
Ltd., developed with help from Lewis Research Center, permits 
PC users to access applications across a network regardless of 
operating system or hardware platform. Les Farkas, a computer 
engineer at Lewis, demonstrates how the PC X display can be 
used to view simultaneously a 30 graphics application, a 20 plot 
of high-speed data, a network application such as NCSA Mosaic, 
and MS Windows. Tum to Mission Accomplished, page 12. 

Photo courtesy Hummingbird Communications Ltd. 
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SCIENCE/ SCOPE® 

The most comprehensive information system ever created to look at Earth will collect vital data 
from numerous Earth-monitoring systems, provide it to scientists worldwide, and store it in archival 
centers . This system, called NASA's Earth Observing System Data and Information System (EOSDIS) 
Core System, is the "heart" of NASA's international research program, Mission to Planet Earth. 
Designed and developed by Hughes Aircraft Company, the Core System calls for a computer-based 
application of information technology that processes, stores, and retrieves massive amounts of data 
from EOS space platforms and other existing scientific and technical database . The goal is to have an 
information system in place that will make data readily accessible so that it can be maximized in 
gaining a better understanding of our planet. 

DirecTv subscribers will receive 70 to 90 additional channels of programming when the second 
DirecTv direct broadcast satellite (DBS) is launched. A General Dynamics Atlas rocket will lift a 
second high-power Hughes-built HS 601 satellite into orbit in the summer of 1994. With two satellites, 
DirecTv will offer 150 channels of news, sports, movies, and specialty television programming 
directly to households equipped with low-cost, 18-inch receiver antennas. The second satellite marks 
an important milestone in this revolutionary digital distribution system, by providing more than 
100 million television households in the United States and Canada with immediate access to a 
variety of entertainment and information services. 

Aircraft pilots will be able to read their gauges more easily. even in sharp sunlight, with an advanced 
cockpit display. Developed by Hughes for military airborne applications, this compact, lightweight, 
multi-function cockpit display unit offers improved performance and reliability. The new display 
incorporates a cathode ray tube display and electronics elements in a single package weighing less 
than 14 pounds. Compatible with Hughes ' AN/AAQ-168 helicopter night vision systems, this high 
resolution display has a maximum brightness and can be read easily in all conditions . 

An in-flight. duty free shopping program is now available for passengers aboard Northwest 
Airlines ' 747 aircraft. As an extension of Hughes' interactive video system, called Worldlink™ by 
Northwest, passengers have access to view the complete Inflight Duty Free Shop selection of 
products through an individual screen and control unit at each seat. Passengers are able to place 
orders from the comfort of their seats and select their preferred method of payment - cash when 
the flight attendant delivers the order or credit card, using a built-in magnetic card reader. With 
the wide variety of entertainment, business, communications, and tourist information offered by 
Worldlink, passengers have control over their in-flight experience. 

Four major airports in the Ukraine may be completely modernized. with advanced technology and 
systems built by Hughes. The plan, which would focus on airports at Kiev, Odessa, Lviv, and 
Symferopol, is designed to automate these airports through electronic data interchange. Its 
objective is to integrate aircraft operations, passenger handling, air traffic control, security, and 
administration into one highly efficient unit. Using computer technology can dramatically enhance 
an airport's efficiency and ervice, and help it increase revenues and adhere to more stringent 
regulations. 

For more Intormation wnte to: P.O. Box 80032, Los Angeles, CA 90080-0032 

HUGHE-S 
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NEW LINK 
BETWEEN 

COMPUTER 
GRAPHICS 

& VIDEO 
THE LA T EST ADD ITI ON T O 

THE RGB SPECTRUM F AM ILY OF 
VIDEO SCAN CONVERTERS 

RGBIVIDEOLINK® 
1500 SERIES 

CONVERTS H I GH SCAN RATE 
I MAGES FROM COMPUTERS , 

RADAR , OR FliR SENSORS TO 
VIDEO FO R MA T FOR RE C ORDING , 

TRANS M ISSION , PROJECTIO N 
A N D T EL ECONFERENCING 

Adjustment free auto-locking 
to all workstations and PCs 

Flicker-free, broadcast quality 
NTSC RS-170A or PAL 
composite video, S-Video 
and RGB outputs 

Optional RGB 31 .5 kHz 
for video projection 

Optional graphics/video overlay 

Full 24-bit color processing; 
over 16 million colors 

Models from $9,495.00 

Made in the USA 

GSA Contract #GS03F2032A 

SPECTRUM® 

950 Marina Village Parkway Alameda, CA 94501 
Tel: (51 0) 814-7000 Fax: (510) 814-7026 

For More Information Write In No. 401 
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He knows the value of a reliable system. 
So does Kollmorgen Inland Motor. 

When you are in lower Earth orbit, the reliability of the systems 

around you is paramount. Kollmorgen Inland Motor offers 

space rated motion control hardware that meets your needs. 

At Kollmorgen Inland Motor reliability is a critical design feature 

of your space rated motion control components. In every phase from 

design concept through manufacture and testing we carefully control 

our processes to ensure your motion control system performs to 

stringent standards. 

Our experience in providing space qualified motors spans more 

than 30 years. We have provided hardware for space vehicles, ground stations, shuttles, telescopes, and 

satellites. Our impressive participation list includes Apollo, Gemini, Skylab, Titan, the Explorer Platform, 

Centaur, Global Positioning System (GPS) and many others. We meet your complete motion control 

needs by offering DC torque motors, brushless motors, motor drive and control electronics, and electro

mechanical actuators. 

Our responsive engineering and manufacturing teams will work with you to quickly deliver proto

types tailored to your specific system requirements. We ate skilled in the proper selection of materials 

as well as design and testing to meet stringent military and NASA standards. Our manufacturing 

facility and quality assurance system complies with MIL-Q-9858 and we can provide special docu

mentation when required. Superior product support both before and after product delivery 

enables you to use our motion control systems in the most critical of applications with 

complete confidence. 

For space rated motion control systems he can rely on. Kollmorgen Inland Motor. 

KOLLMORGEN 

Inland Motor 
501 First Street, Radford, VA 24141 800.753.6686 TeV703 .731.4193 Fax 
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A 
major barrier to constructing an information 
highway, whether within organizations or 
among computer users across the globe, 

is finding a seamless means to interconnect user 
groups. The problem is particularly critical for large 
organizations seeking to network heterogeneous 
hardware and software used for a wide variety of 
computerized tasks. 

'/indow 

Through the technology transfer process, many of the systems, 

methods, and products pioneered by NASA are reapplied in the pri

vate sector, obviating duplicate research and making a broad range 

of new products and services available to the public. 

Consider the example of NASA's Lewis Re
search Center, which conducts research in such 
diverse fields as aeropropulsion, space power and 
communications, electric propulsion, and micrograv
ity. "We have all kinds of systems: Sun, SGI, IBM, 
DEC, HP, Convex, and Concurrent, as well as the 
Lewis Information Management System-MS
Windows-based office automation software," said 
Lewis computer engineer Les Farkas. 

The search for a means to interconnect all of the 
Lewis platforms and programs started five years 
ago, when Farkas began evaluating the X Window 
System, a network graphics protocol for connecting 
minicomputers, mainframes, supercomputers, and 
workstations. Essential to networking at Lewis , 
according to Farkas, was tying in Lewis' roughly 
5000 PC desktop computers to the UNIX communi
ty. The solution was found in X display server soft
ware for PCs from Hummingbird Communications 
Ltd., Ontario, Canada. 

Alrcran_ views 
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Two Money Saving Deals 
For First-Time Customers* 

Deals may vary each month, so phone Algor right away for details! 

# 1: Power Starter Pak 
Includes Everything Shown Here: 

Linear Stress 

Linear Stress, Vibration and Natural Frequency Analysis with ViziCad Plus. The most popular and widely used finite ele
ment analysis processors. Complete with Algor's powerful modeling and post-processing software. 

Hexagen Automatic 3-0, 8-Node "Brick" Solid Mesh Generator. The world's first fully-automatic, 8-node "brick" solid 
mesh generator. Works from a surface mesh for total control of mesh density and model accuracy. Develop solid models 
faster and perform more design iterations in less time. 

Supergen Automatic 2-D Mesh Generator. Create triangular, quadrilateral, or mixed meshes with the touch of a button. 
You have complete control of the mesh density in all parts of your model. 

Supersurf NURBS Surface and Solid Modeler. Quickly build solid or surface models. Supersurf automatically generates 
sophisticated 3-D NURBS surfaces and, with Hexagen, develops 8-node "brick" meshes for solid models. 

Beam Design Editor. Faster, easier creation of models that include beams and trusses. Perfect for modeling towers, bridges 
and other specialized designs. 

#2: Power Master Pak 
Includes Everything Shown in Package Number 1, PLUS: 

en 
CD 
Q 

Accupak Nonlinear Stress and Vibration Analysis . Adds nonlinear material 
and large deformation analyses. 

EAGLE Design Optimization Control System. Algor's unique and powerful 
engineering software control environment. Adds sensitivity analysis, design 
optimization and complete concurrent engineering capabilities. Also includes 
the Concurrent Engineering Handbook. The "must-have" EAGLE compan
ion for concurrent engineering and design optimization. Provides real-world 
examples in written form and on disk. 

• If you are or have ever been an Algor customer, we have special deals for you, too. 
Call today and ask for your account manager. 

Add-Ons 
In -Steady-state and transient heat 

transfer 
In >- -Nonlinear heat transfer 

I 

-Steady-state and transient fluid flow 

ca -Composite materials 
C 

<t - Electrostatics 

-ASME, CAD-based piping analysis 
with code checking 

- -Kinematics and rigid-body dynamics 

When the Engineering 
Has to be Righe M 

Chosen by more than 10,000 engineers 
in over 60 countries. 

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 
Copyright@ 1993 Algor, Inc. TM Trademark of Algor, Inc. 
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"There's no way we could mandate 
that everyone at Lewis have the same 
machine---nor would we want to," said 
Farkas. "It all depends on the kind of 
work a person does. X provides the least 
common denominator-basically, your 
computer is your network." 

The X Window System is a windowing 
environment born of two university re
search projects in the earty 1980s. Pro
ject W at Stanford and Project Athena at 
the Massachusetts Institute of Techno
logy, with funding from Digital Equipment 
Corp. and IBM, developed an indepen
dent graphics protocol to provide interop
erability between the universities' dispar
ate computing platforms. Designed to work 
under any operating system, X permits 
graphics generated in one system to be 
displayed on another network workstation. 

On the commercial market just six 
years, X display server software for PCs 
permits access to all X Window System 
applications regardless of operating sys
tem, hardware platform, or network pro
tocol. The user can interact with several 

X applications simultaneously in separ
ate windows on the PC screen---running 
applications in UNIX, VMS, AIX, Solaris, 
Ultrix, and other X Window System hosts 
concurrently with local PC applications 
based on DOS, MS-Windows, or Win
dows NT operating systems. The physi
cal locations of the applications remain 
transparent. 

PC X servers offer a means to distrib
ute the processing power of UNIX, for ex
ample, without incurring the expense and 
leaming time associated with switching to 
UNIX. Applications such as CAD/CAM 
that normally would require a costly RISC
based workstation can be viewed on an 
inexpensive PC while they are running on 
powerful workstations. PC X provides 
similar windows onto databases, map
ping and geographical information sys
tems, visualization and simulation, struc
tural analysis, electronic publishing, sys
tem administration and network manage
ment, office automation, E-mail, process 
control, transaction processing, spread
sheets, mathematics, and statistics. 

:.---- Up to 64 Mbyte Image Memory 
,...------ On-Board DSP 

50 MHZ A-D 

Call or fax 
for specifications! 

Image Processing Products for Research cmd Industry 

NASA ADVICE HELPS PRODUCT HUM 

Founded in 1984 as an engineering 
consulting company, Hummingbird launch
ed its first PC X server software package 
in September 1989. Currently, Humming
bird's eXceed line of PC X server soft
ware includes versions for MS-Windows, 
Windows NT, DOS, and OS/2. In addition 
to the X servers, Hummingbird offers X 
development toolkits that include porting 
and programming tools. 

NASA Lewis was one of Humming
bird's earliest customers and served as 
product reviewer. "In the earty stages, the 
products were still embryonic," recalled 
Jan Adamek, Hummingbird senior vice 
president. "The Lewis people had a lot of 
experience and knew what they wanted. 

"NASA suggested we dramatically 
improve the cut-and-paste feature. We 
knew it was important, but the way we 
had it-and the way our competitors still 
have it-was to send cut sections to an 
intermediate clipboard. NASA advised us 
to reduce the steps, so now you just 
select the text from one file and copy it to 

4MEG VIDEO™ Model 12 
- 50MHz to 2MHz Sampling & Display Rate 
- RS-170, CCIR Capture & Display 
- Non-Standard Area & Line Scan Interface 
- Analog & Digital Inputs 
- 64, 16, or 4 MByte Configurable Memory 
- 12 MIPS Programmable Image Accelerator 

SILICON VIDEO® MUJrM 

- 40MHz to 2MHz Sampling & Display Rate 
- 8000 to 8 Pixels per Line 
- Composite Sync or H, V, Pixel Clock 
- 6 Input Video Multiplexer 
- 4 or 1 MByte Configurable Memory 

VERSATILE SOFTWARE 
- Menu Driven Processing & Analysis 
- "C" Object Code for DOS & Windows 
- Extensive Image Processing Library 
- Programmable Video Formats 
- Unlimited Applications: 

Medicallmaging Machine Vision 
Image Analysis Document Imaging 
Motion Capture Quality Inspection 

EPIX' products are designed cmd mcmufactured in the United States of America. 
EPIX. Inc.- 381 Lexington Drive, Buffalo Grove. IL 60089 USA -7084651818 Fax/ 7084651919 o Copyright 1 QQ4 EPIX. Inc. 
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WE'VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 

BUT ONLY SLIGHTLY. 

It give you more advanced 

math capability than ever before. It 

lets you tackle harder problems and 

solve even tougher equations. In short, 

it's the most powerful, most advanced 

version of Mathcad ever released. 

And that's no exaggeration. More 

powerful than preadsheets or calculators, 

easier than programming languages, new 

Mathcad PLUS 5.0 gives engineers, cientists 

and educators more tool to do calculation 

with greater speed and ease. 

You get more functionality for compu ting 

derivatives and integrals, differential equations, advanced 

vector and matrix operations, stati tical functions, curve 

fitting, and fast Fourier and wavelet transforms. You can 

choose from a wider range of symbolic capabilitie', and 

-
• UIIIot- ............... -,,~- ......... ~--- ... • 

~ =~~·~·---=-~I~.f.'~::::I· ,...._ ...... ........, \"\1 
II' ,.,.,_. __ ...... -", .. (~I) n. ........ a , • .......: ..... . _._ .D) 

Mathcad PLUS 5.0's on-screen worksheet lets 
you easily combine equations, text and graphics. 

graph in 2-D and 3-D 

polar, contour and para-

metric plots. MathSoft' 

Electronic Books, based 

on the most popular ref-

erence books, let you 

instantly cut and paste 

hundreds of formulas into your work. And with Mathcad 

PLUS Function Pack you can add even more remarkable 

calculating power in specific dis-

ciplin~s like signal processing, data 

analysi , statistics and graphics. 

Plus, like its Mathtad predeces-

sors, it's as ea yand intuitive as using a 

scratchpad. Simply enter equations in 

real math notation anywhere on Mathcad 

PLUS 5.0's on-screen work heet. Add text 

and graphics. Change variables and instantly 

update your work. Mathcad PLUS 5.0 calculates 

answers quickly and accurately, then prints your 

results in impressive, presentation-quality documents. 

So try Mathcad PLUS 5.0 today, and tomorrow 

you'll be ten time more productive. Well, maybe we're 

exaggerating again . But only slightly. Mathcad PLUS 5.0 

is priced at just $29922~ To order, or to receive even more 

information , ca ll 1-800-967-5075. Or mail or fax the 

coupon below (Fax: 716-873-0906). 

i-FREEMATHCAD-"LUS-s.oiNFORMATION-Kii-; 
: For m,'rc infonnation on Mathcad PLU 5.0, mail or fax this coupon. : , , , 
: 'hm< a45a4 : , 
, ~----------------------~ 
: Ct~mrany , , 
: ~A~~'----------------------, , 
, ~----------------------~ , , , 
, ~------~--------------~ 
: Sf.He ZiP , 
, =-------~~------------~ ~ ~~r~· ____ __ P.!',:n! ____________ _ 

MathSoft, Inc. P.O. Box 1018, C-unbndge, MA 02142·1519 U A ' Phon<: 1·800-967·5075 ' Fax: 716-873-0906 ' Math..'X>ft Eu",pe, P.O. Box 58, LlVm~ton, UK EH54 7AE 
Phon<: +44.506.460373 ' Fa., +44.506.460374" 1994 M.th..'X>ft, Inc. TM.nd ® 'lJ.on,i'y n",nurourer', tr..Jcma,k or 'eglStm-J trnJem.1rk '"'['<Ctlveiy. -Deale, price may vary. 
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MORITEX MACHINE 
MICRO LENSES another-two steps instead of five," explained Adamek. 

• High C ontrast! 

Moritex - a market leader 
in Machine Vision Optics 
and Fiber Optic 
Illumination Systems is 
proud to announce its 
range of small lightweight 
Machine Micro Lenses 
(MML) designed 
specifically for Machine 
Vision Applications. 
MML's are available in a 
wide range of optical and 
illumination configurations 
which provides you with 

Hummingbird's latest release, available this month, is eXceed 

4 for MS-Windows, based on a high-performance 32-bit X seN

er designed for use with high-speed microprocessors such as 

the Intel 80486 and Pentium. The new version eases installation 

and administration by integrating X seNer and TCP/IP (transmis

sion control productlintemet protoco~ network software-a sin

gle copy can be installed and updated on a file seNer. It is also 

the first PC X seNer to include a scripting language, called 

eXceed BASIC, which allows network managers to easily design 

programs for managing large populations of PCs. 
Low Distortion 

• Compact 
Release 4 also features eXceed/Xpress, a licensed version of 

Tektronix' Serial Xpress, the fastest dial-up technology available. 

The specialized X compression technique allows PC and laptop 

users to remotely access UNIX and X Window System applica

tions and hosts via standard telephone lines with a modem or 

RS-232 serial connections. Another feature called Xtrace seNes 
as a client debugger, allowing the user to view in symbolic lan

guage all the traffic between the PC and other platforms and 

quickly pinpoint where the problem lies. 0 

• Lightweight 
• C-Mount 
• Coaxial/Off-axis 

Illumination 

the design flexibility and 
ease of integration for 

• Range of Worki 
Distances 

your particular Machine 
Vision System. 

• Variety of Optical 
Magnifications 
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Call 800·548·7039 
@;;.Ofoflr m,;~information 

6440 Lusk Blvd. Suite 
San Diego, CA 92121 
TEL: 619/453-7905 

u . S . A. INCORPORATED FAX: 619/453-7907 

For more information about the technology described in this 
article, contact Lorraine Neal, Public Relations Officer, Hum
mingbird Communications Ltd., 2900 John Street, Unit 4, 
Markham, Ontario, Canada L3R 5G3. Tel: 905-470-1203, Fax: 
905-470-1207. 

We focus on imaging, so you can focus on quality 

For More Information Write In No. 423 

SigmaPlat· 
is now on Window, 

The product scientists 
use more than any 
other to prepare their 
graphs for publication. 

Truly designed for scientists 
Unlike business graphics packages, 
SigmaPlot was designed by scientists 
specifically for publication and pre

sentation. SigmaPlot's 
numerous scientific options 
such as error bars, regression 
lines, full transform lan9,llage, 

and non-linear curve fitting are 'up
front" and easy to find, not obscured 
by business-oriented options. 

Now on Windows 
Cut and paste or embed graph objects 
directly into your word processor to 
save time and file importing frustra
tion. View multiple graphics pages 
and data worksheets simultaneously. 
Invoke commands quickly from the 
new toolbar and toolbox. 

Customize your graphs 
SigmaPlot offers you the flexibility 
and control to customize your 
graphs down to the last detail. You 
can choose from a full range of plot 
types, technical axis scales, symbol 
sizes, and even modify details 
down to error bar cap size and tick 
mark length. 

Join over 45,000 scientists who have 
used Si~aPlot to help publish 
papers ill hundreds of technical 
journals. 

~ 
Call for a free 

brochure: 
800-874-1888 

2591 Kerner Blvd., San Rafael, CA 94901 
415-453-6700 FAX 415-453-7769 

In Europe: Jande! Scientific, Schimmelbuschstrasse 25, 40699 Erkrath, Germany 02104/36098 02104/33110 (FAX) For international dealers call: Australia 2958 2688 
Belgium 010611628, Canada 519 7671061, France 146 972165, Italy 027 202 1937, Japan 3 3590 2311, Switzerland 617121616, Taiwan 2 785 3202, UK 582 502 388 

01993, Jande! Corp. AU companies and/or product names are trademarks of their respective companies. 
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In 1he World Of HyQrid . 
Microelectronics, Bigger Is Better. 

When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 

But when you're looking for small, lightweight 
lUl.l_~~ hybrids in large quantities, 

you need the capabilities of 
a big, powerful company. 
A company that can handle 
Raytheon currently produces over 
400,000 high-reliability hybrid 
assembUes a year, Including MCMs, 
as well as MIBs (Multilayer Inter
connect Boards, SEM-A through fl . 

high-reliability and high-volume at the same time. 
Raytheon is the largest manufacturer of high

reliability hybrids in the world. OUr fully-integrated, 
MU..-SID-1772 certified facility is dedicated to the design, 
production and testing of hybrid microelectronics, and 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 
than Class 100,000. 

For More Information Write In No. 608 

We use high-precision robotic assembly, automated 
100% wire bond pull testing, automatic parametric test
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau
tiful. But when you're selecting a company you can rely 
on to supply you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi
nitely better. 
To learn more about our high-reliability hybrids, call 
or write for technical support and applications assis
tance. Raytheon Company, Quincy Operations Divi
sion, 465 Centre Street, Quincy, MA 02169. 
(617) 984-4104. FAX: (617) 984-4199. 

Raytheon 
WE THRIVE ON CHALLENGES 



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 applica
tions. 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 innova
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 20). 
NASA's patent-licensing program 
to encourage commercial develop
ment is described on page 20. 

Multiple-Segment 
Climbing Robots painting on towers and other structures. Im

itating a successful natural design, these 
robots look and move line caterpillars. 
(See page 26) 

Autozero Unit 
AIl eight -channel signal processor - an 

autozero unit - suppresses the de com
ponent of an analog voltage signal that 
varies with time in a complicated way, 
without introducing phase shift into the 
ac component. This autozero unit would 
be installed in an instrumentation system 
between a signal source and data
acquisition equipment. 

Multiple -segment climbing robots are 
being developed to perform such tasks as 
inspection, sandblasting, welding, and 

18 

FOR AUTOMATED VISION OEMs, 
LIFE BEGINS AT ... 

I 
IMAGING 
IMAGING 
IMAGING 
IMAGING 
Technology Inc. 

Series 150/40 
lithe industry's vision processor" 

Modular 40 MHz pipeline processors 
Plug-on 40 MHz DSPs for high-speed image analysis 
Expandable parallel pipelines defined by software 
Real-time, true-color processing 
Extensive vision application software tools 

Unrestricted choice of image sensors 
• VMEbus, ISNEISA, and S-bus compatible 
• In OEM quantities, single-board configurations 

start at less than $7,500 

Call (800) 333-3035 
for additional detai Is! 

For More Information Write In No. 403 

(See page 43) 

SyntheSiS of a 
Precursor of Silicon Nitride 

A method of producing highly pure, 
easily sinterable silicon nitride involves 
the thermal decomposition of silicon 
diimide[Si(NH)21 prepared by the am
monolisys of Si(SCN)4 in CH3CN and 
purified by the complete extraction of by
product NH4SCN by the use of ammonia 
at a temperature and pressure above its 
critical point. This new procedure emerged 
in the context of trying to devise a more 
efficient way to extract the chloride by
product. 
(See page 66) 

Monolithic Three-Stage 
32-GHz Power Amplifier 

A three -stage monolithic integrated
circuit power amplifier, which operates at 
frequencies around 32 GHz, is designed 
for use aboard a communication satellite 
and is also suitable for terrestrial applica
tions in which moderate power and high 
efficiency are needed. The power am
plifier is compact and offers state of the 
art performance. 
(See page 38) 

Advanced Teleoperator 
Control System 

A proposed teleoperator control sys
tem would incorporate several advanced 
features to improve coordination be
tween the remote robotic manipulator 
and the human operator at the control 
manipulator. The system is designed 
with consideration of the human operator 
in the control look by use of a two-part 
mathematical model of the dynamics 
involved in the operator's generation of 
control commands in response to visual 
and kinematic stimuli. 
(See page 22) 
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HOW YOU CAN BENEFIT 
FROM NASA'. 

TECHNOLOGY 
TRANSFER 
SERVICES 

I f you're a regular reader of TECH BRIEFS, then you're already makIng use of one of lhe 
low- and no-<:ost servIceS provIded by NASA's Technology Transfer Program. But a 

TECH BRIEFS subscriptoon represents only a fractoon of lhe technocallnformation and appIl
catoonslenglneenng seMCeS offered by thIS Program. In fact, when all of lhe COfr4l(lnents of 
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Special Focus: 
Robotics/Automation 

:: Advanced Teleoperator Control System 
The system would provide better coordination between the operator and the remote manipulator, 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed teleoperator control sys
tem would incorporate several advanced 
features to improve coordination between 
the remote robotic manipulator (slave arm) 
and the human operator at the control 
manipulator (master arm). The system is 
designed to make the operator's manual 
control robust in the presence of (1) such 
nonlinearities as saturation of actuators 
and delays in the propagation of feedfor
ward and feedback control signals and (2) 
errors made by the operator in reacting to 
visual and force feedback. The system is 
also designed to support high-perform
ance teleoperation while reducing the op
erator's control burden by (1) enabling the 
control subsystem at the slave arm to per
form automatically such control tasks as 
compliance and force control (for op
timization of interactions between the slave 
arm and the objects in its environment) 
and (2) imparting desirable dynamiC prop
erties to the master and slave arms for 
the operator's ease and comfort. 

The system is designed with consider
ation of the human operator in the control 
loop, by use of a two-part mathematical 
model of the dynamics involved in the oper
ator's generation of control commands, in 
response to visual and kinesthetic stimuli. 
One part of this model represents the 
dynamics of the physiological mechanisms 
by which the operator intentionally applies 
force to the master arm in response to the 
discrepancy between the current and goal 
positions displayed on a video screen and 
to the error between the actual and 
desired force as perceived via force feed
back. The other part of the model repre
sents the generation of the displacement 
of the master arm as a result of the human 
intentional force applied to the human and 
master arms combined in a parallel struc
ture. This model provides the means to 
take account of human control errors in 
the design to provide greater robustness. 

The control system would actively mod
ify the dynamics of the master and slave 
arms to obtain the desired dynamic char
acteristics. For this purpose, the design 
incorporates the concept of generalized 
impedance (see figure), which is a transfer
function-matrix representation of the rela
tionship between position error and con
tact-force error in Cartesian space. The 
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The Concept of Generalized Impedance is essential to the design of the advanced tele
operator control system. The control system would strive to maintain the desired generalized 
impedances of the master and slave arms. 

desired dynamic characteristics would be 
expressed in terms of generalized im
pedances, and the control subsystem of 
each arm would strive to impose those 
characteristics on the motion of the arm. 

To achieve proper coordination between 
the operator and the manipulator in this 
scheme in which they share control tasks, 
force feedback is reformulated in the de
sign to consist of a combination of slave
arm position and force errors. As used 
here, "position error" means the discrepancy 
between the position command generated 
by the master arm and the actual position 
of the slave arm, and "force error" means the 
discrepancy between the desired force 
specified in the generalized impedance 
and the actual force sensed by the slave 
arm. Position and force errors are relevant to 
the coordination problem as follows: When 
the slave arm performs with automatic 
force control within the framewor1< of gen
eralized impedance, the direct feedback, to 
the operator, of force sensed by the slave 
arm may confuse the operator in the effort 
to evaluate a position command, because 
the operator then feels what the slave arm 
feels without understanding the control 

action performed by the slave arm. The 
operator could continuously extend the 
position error without noticing it. The re
formulated force-feedback scheme of the 
system would solve this problem by pro
viding the operator with a kinesthetic indi
cation of position error. 

The system has been tested by com
puter simulation. The results of the simu
lation indicate that the system provides 
superior performance in terms of error profiles 
and task-completion time in the presence of 
human control errors that vary over a wide 
range. The system is even able to maintain 
stability under large signal-propagation 
delays. Therefore, it appears that the sys
tem would be highly robust in the pres
ence of nonlinearities and incorrect human 
commands in both position and rate 
modes of control. 

This work was done by Sukhan Lee of 
Caltech and Hahk Sung Lee of the 
University of Southern California for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 33 on the 
TSP Request Card. 
NPO-18814 
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-0 Serpentine Robot Arm Contains Electromagnetic Actuators 
The arm can be configured flexibly to avoid obstacles. 

Goddard Space Flight Center, Greenbelt, Maryland 

Many identical modules can be as
sembled into a flexible robot arm that can be 
configured in serpent like fashion to manip
ulate objects while avoiding obstacles. 
Each module includes integral electro
magnetic actuators that can be energized 
selectively to produce a variety of motions, 
stationary configurations, and combina
tions thereof. 

Figure 1 shows three modules at the an
chored end of the arm. Each module in
cludes a top plate connected to a base 
plate by a ball joint. Both plates are made 
of iron or other highly magnetically perme
able metal, and the base plate holds a 
peripheral array of electromagnets. The un
derside of the top plate is beveled. When 
the top plate is at the limit of its tilt with 
respect to the base plate, it can nutate 
about the base plate, its axis describing a 
cone about the axis base plate. 

A permanent magnet shaped like a 
washer provides a magnetic flux that 
clamps the rim of the top plate to the pole 
piece of one of the electromagnets when 
none of the electromagnets is energized: 
this provides for the stationary configuration 
of the affected part of the robot arm. The 
relative angular position of the top and 
base plates is measured by a ring array of 
capacitive position sensors placed just 
inside the ring array of electromagnets. 

An electronic controller supplies elec
trical current selectively to the electro
magnet coils in response to commands 
and to the second angular position (see 
Figure 2). For example, the plate can be 
made to nutate continuously by energizing 
the coils in series in groups of three such 
that the electromagnet(s) on one side of 
the present point of minimum gap inter
act(s) with the permanent magnet to attract 
the rim, while those on the other side repel 
the rim. This effect provides torque to con
tinue the nutation. Thus, the system func
tions as a permanent-magnet motor in 
which the top plate is the rotor and the 
base plate is the stator, except that the 
motion is nutation instead of the more com
mon rotation about a single axis. 

This work was done by Israel A. Moya 
and Philip A. Studer 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-13161. 
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Figure 1. 
Identical 
Modules con
taining elec
tromagnetic 
actuators are 
assembled 
into a ser
pentlike robot 
arm. Each top 
plate can be 
made to 
nutate about 
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in a com
manded tilt 
position by 
selectively 
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Figure 2. The Electronic Controller energizes electromagnet coils in groups of three to produce 
the commanded nutation. 
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I) Multiple-Segment Climbing Robots 
These robots look and move like caterpillars. 

Goddard Space Flight Center; Greenbelt, Maryland 

Multiple-segment climbing robots are 
being developed to perform such tasks as 
inspection, sandblasting, welding, and 
painting on towers and other structures. 
Imitating a successful natural design, these 
robots look and move like caterpillars. 

Figure 1 shows a 20-segment robot 
moving along an angled structural mem
ber. Each segment includes a foot, which 
grips the member with a suction cup, 
electromagnet, mechanical actuator, or 
other device that is energized on com
mand by a control system. Each segment 
contains a compliant joint made of seg
ments of cable and retainers; the joint 

Fixture for 
Attachment to 

Adjacent Segment 

MULTIPLE-SEGMENT 
CLIMBING ROIIOT 

holds the segment together, yet allows 
enough twisting and bending to accom
modate caterpillarlike motion. 

Each segment contains a set of pneu
matic, electric, or hydraulic actuators that 
are mounted to effect lengthwise expan
sion or contraction of the segment. For 
example, to bend the segment away from 
the structural member as it approaches a 
bolthead or other obstacle, the actuators 
on the side farthest from the structural 
member are contracted, and/or those on 
the side nearest the member are ex
panded. The following is an example of 
straight walking: In one step, all the seg-

Fixture for 
Attachment to 
AdJacenl Segment 

Figure 1. The Mul
tiple-Segment Ro
bot grips the struc
tural member and 
moves along it like 
a caterpillar. 

PARTIAL DETAIL OF ONE SEOMENT. 
SHOWINO ACTUATORS AND 

COMPLIANT JOINT 

ments except one grip the member, while 
the actuators in the lone nongripping mem
ber are expanded or contracted to move 
its foot faward. In the next step, the process 
is repeated except that the segment that 
moves forward is the one immediately 
behind the one that moved before. Thus, a 
wave of forward motion propagates along 
the robot, in a manner reminiscent of a 
worm or caterpillar. 

A video camera mounted on one of the 
segments can be rotated to the desired 
viewing angle. This camera can be used in 
remote inspection of a structure, to view 
the motion of the robot and/or provide 
video feedback for control of the motion, 
and/or to guide the operation of a head 
that is mounted on the foremost segment 
with motorized actuators. The head per
forms the sandblasting, welding, painting, 
or other special task assigned to the robot. 

Figure 2 is a block diagram of a dis
tributed control system that would be 
used in an advanced caterpillar robot. 
Each segment would contain a program
mable logic device (PLD), which would 
receive commands from a control com
puter, perform the local, low-level control 
computations, and interact with the ac
tuators and sensors (if any) of the seg
ment. A controller/communicator module 
on the robot would handle communica
tions between the segments and the control 
computer. A fiber-optic, radio, infrared, 
or wire communication link could be used. 

This work was done by James Kerley, 
Edward May, and Wayne Eklund of God
dard Space Flight Center. For further 
information, write in 45 on the TSP Re
quest 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- 73442. 

Controllers In Segments 
of the Robot 

Figure 2. The 
Control System of 
an advanced mUlti
ple-segment robot 
would be modular 
and distributed. 
Low-level control 
logic would reside 
in each segment. 
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0. Adaptive Impedance Control of Redundant Manipulators 
Knowledge of complicated dynamical models and inverse kinematic transformations is unnecessary. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved method of controlling the 
mechanical impedance of the end effector 
of a redundant robotic manipulator is 
based on adaptive-control theory. A con
trol system according to this method (see 
figure) is developed by considering the 
end-effector-impedance-control problem 
separately from the redundancy-resolu
tion problem. Thus, the control system 
consists of two subsystems: (1) an adap
tive impedance controller that generates 
the force-control inputs in the Cartesian 
space of the end effector to provide the 
desired end-effector-impedance charac
teristics, and (2) a subsystem that imple
ments an algorithm that maps these force
control inputs into torques to be applied to 
the joints of the manipulator. 

The Cartesian-space impedance con
troller is developed according to the 
model-reference adaptive-control approach, 
and does not depend on knowledge of 
the complicated dynamical model of the 
robot or values of the parameters of the 
robot, payload, or environment. Further-

more, the impedance controller can be 
implemented without calculating the in
verse kinematic transformation of the 
robot. As a result, the method is very gen
eral and is computationally efficient. 

The impedance-control problem has a 
unique solution even if the manipulator 
has redundant degrees of freedom. Re
dundancy becomes an issue in that it in
troduces indeterminacy into the problem of 
how to map the force-control inputs into 
the jOint torques. As in some manipulator
control methods described previously in 
NASA Tech Briefs, the redundancy is used 
in this method to improve the kinematic 
or dynamic performance of the manipulator. 
The redundancy is resolved, in a departure 
from conventional approaches, by con
structing a {force-control input} ~ Uoint
torque} map in such a way as to utilize 
the redundancy effectively. For example, 
this approach can be used to maximize 
manipulability, globally minimize kinetic 
energy, make the robot more compatible 
with a given task, and! or avoid obsta-

JOint 

cles in the workspace. 
The method has been tested by ap

plying it, in a computer simulation, to a 
planar four-degree-of-freedom manipula
tor like the one shown at the bottom of the 
figure. The results of the simulation show 
that accurate control of the mechanical 
impedance of the end effector and effec
tive utilization of redundancy can be 
achieved simultaneously by use of the 
method. The results also indicate that the 
method also has potential for the use of 
redundancy to improve the performance of 
such typical impedance-control tasks as 
deburring edges and accommodating 
transitions between unconstrained and 
constrained motions of end effectors. 

This work was done by Homayoun 
Seraji of Caltech and Richard D. 
Colbaugh and Kristin L. Glass of New 
Mexico State University for NASA's Jet 
Propulsion Laboratory. For further in
formation, write in 6 on the TSP Request 
Card. 
NPO-18606 
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Adaptive Impedance Control, in combination with a suitable mapping scheme, provides for improved performance of a redundant manipulator. 
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tj Maximizing Performance of a Telerobot With Minimal Software 
Software modules that control various behaviors are activated by sets of parameters. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The control software system of an ex
periroontal seven-degree-of-freedorn teierobot 
is designed to elicit maximum performance 
from a minimal, fixed-software computer at 
the remote robot site. The system includes 
multiple control modules, each of which 
provides parameter-driven control of a 
specified aspect of the behavior of the tele
robot. The software system runs in the 
Ada language on multiple 68020 proc
essors or potentially on a single central 
processing unit. Conceived for use in outer 
space, the system may also prove useful in 
underwater construction and inspection, in 
handling of materials in nuclear facilities, 
and in cleaning up hazardous materials. 

This control software system makes sev
eral unique behaviors available simul
taneously. These behaviors include force 
control, generation of trajectories, and 
avoiding collisions. An important part of 
the system is a command interpreter, 
which is essentially a robot language that 
has limited branching capability but en
ables concurrent control from several con
trol modules. The permutations of the con
trol-module behaviors are then available 

to the local site (the control station). The 
fixed software system can thus provide a 
wide range of controlled robotic behavior. 

Each module communicates with the 
rest of the system through shared memory 
(see figure) . The modules operate asyn
chronously, except that one of them -
the dispatcher module - coordinates the 
interactions among the other modules by 
modifying command and state parameters 
in the shared memory. The dispatcher 
module transitions the system between 
commands in a command sequence and 
into reflex commands. The other modules 
and their functions include the following: 

The executive module places new task 
commands from the local site into com
mand queues at the remote site and 
retums status signals and data to the local 
site. 

• The monitor modules monitor the sta
tuses of execution of tasks and indicates 
to the dispatcher when an event (e.g., 
reaching a limiting force or position) has 
occurred. 
• The sensor modules process the out
puts of such sensors as angle resolvers, 

The Hitachi KP-M1 is the black and white 
camera of choice for hundreds of machine vision and 
other imaging applications. Why? Its 2/3" CCO provides 
410,000 pixels of information. The camera also features 
gamma correction, AGC, electronic shutter, restart/reset, 
internal/external sync and field/frame integration. The 
KP-M1 is designed to withstand high vibration and shock 
and is available in a square pixel version as well. Call for 
a demonstration. 

===Hitachi Denshi America, Ud.=== 
.. New York 516-921-7200 .. Atlanta 404-242-3636 .. Chicago 708-250-8050 
.. Los Angeles 310-328-61 16 .. Dallas 81 7-488-4528 .. Canada 416-299-5900 

30 For More Information Write In No. 439 

potentiometers, force and torque sen
sors, proximity sensors, and vision sub
systems. Sensor modules generate such 
data as distances to joint limits and dis
tances to collisions between objects based 
upon geometric models. 
• The control modules generate task-level 
control signals according to the para
metric specification of the task and sensory 
data. 
• The fusion module combines the com
mands from the various control modules 
according to the parametric specification 
of the task. 
• The task-to-joint map module maps the 
task-space command of the fusion mod
ule to the actuator space of the robotic 
manipulator. 
• The device-drivers module communi
cates with the system hardware, sending 
and receiving commands and indica
tions of status. It also performs hard
ware-specific computations. 

This work was done by Paul G. 
Backes, Mark K. Long, and Robert D . 
Steele of Ca/tech for NASA's Jet Pro
pulsion Laboratory. For further infor
mation, write in 84 on the TSP Request 
Card. NPO-18745 

1 
Control Station 1 

LOCAL SITE -------- -- --REMOTE SITE 

Commands Status 

r--
I Executive Module I 

Dispatcher Module I 
~ I Monitor Modules I 
~ I Sensor Modules I 
! 

! I Control Modules I 
I Fusion Module I 

• .1 Task-to-Joint 

I I Map Module 

• -I Device-Drivers I ----- Module 

Semi-Independent Modules Communicate 
through a shared memory. The executive mod
ule receives commands from the local site con
trol station and returns status Signals from the 
remote site to the local site . 
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fj Dual-Arm Generalized Compliant Motion With Shared Control 
A unified control scheme provides for cooperative dual-arm tasks. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The Dual-Arm Generalized Compliant 
Motion (DAGCM) primitive is a computer 
program that implements an improved 
unified control scheme for two manipula
tor arms cooperating in a task in which 
they both grasp the same object. The 
DAGCM primitive provides capabilities for 
autonomous, teleoperation, and shared con
trol of two robot arms. It unifies co
operative dual-arm control with multi-sen
sor-based task control and makes the 
complete task-control capability available 
to a higher-level task-planning computer 
system via a large set of input parameters 
that are used to describe the desired force 
and position trajectories to be followed by 
the manipulator arms. Some of the con
cepts on which the DAGCM primitive are 
based were discussed in "A Generalized
Compliant-Motion Primitive" (NPO-18134), 
NASA Tech Briefs, Vol. 17, NO.9 (Sept
ember, 1993), page 132. 

Two or more arms holding an object 
can apply both forces that cause the ob
ject to move and forces that build up with
in the object but do not cause it to move: 
the former are called "extemal" or "move" 
forces, while the latter are called "intemal" or 
"squeeze" forces. The DAGCM primitive 
decomposes the forces sensed at the 
wrists of the two manipulators into move 
and squeeze forces, which it then controls 
separately. The desired contact interaction 
between the held object and its environ
ment is specified via contact-farce-con
trol parameters in the move subspace; the 
desired intemal forces in the held object 
are specified via force-control parameters in 
the squeeze subspace. 

The DAGCM primitive uses the gener-
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alized-compliant-motion concept to control 
the motion of the held object on the basis 
of a specified trajectory of the object in 
Cartesian coordinates, the control of the 
move forces from the move/ squeeze 
decomposition, and the outputs of sever
al sensors in addition to the force sensors 
on the wrists. As explained in more detail in 
the mentioned prior article in NASA Tech 
Briefs, the generalized-compliant-motion 
concept provides for (among other 
things) multiple-sensor-based control for 
execution of tasks. The sensors can be 
either real (e.g., force and torque sensors) 
or virtual (e.g., a computed distance to 
collision). Each sensor is provided an indi
vidual task space for control, and the 
resulting motion commanded by each sen
sor is merged in the common coordinate 
frame in which the actual position of the 
held object is measured (see figure). 

One of the outstanding features of the 
DAGCM primitive is that it can implement 
shared control, which merges teleoperation 
and autonomous control in real time during 
the execution of a task. Shared control can 

Coordinale 
Frame 

The Dual-Arm 
Generalized 
Compliant 
Motion 
Primitive imple
ments a unified 
control scheme, 
shown here 
schematically, 
for two manipu
lator arms 
grasping and 
moving the 
same object. 

take any of several forms. One of them is 
compliant teleoperation, in which an oper
ator controls the motion of the object (e.g., 
by use of a single hand controller) and the 
autonomous control subsystem controls 
the move and squeeze forces. Another form 
of shared control is partitioned shared con
trol, in which some degrees of freedom in 
the task space are controlled by the oper
ator with a hand controller, while the other 
degrees of freedom are controlled by the 
autonomous system. In the DAGCM prim
itive, shared control is specified via input 
parameters. 

This work was done by Paul G. Backes 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, write 
in 106 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 20]. Refer to NPO-18738. 
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MA1IAB graphics enhance understanding of neural network behavior. Tbis plot compares training rates for standard backpropagation (whit., 108 steps) 
and the fast Levenberg-Marquardt algorithm (blue, 5 steps). Each trace iUustrates the number of steps from initial conditions to the minimum error. 
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Electronic Components 
and Circuits 

Partial-Thickness Grooves in a VBl Memory Device 
Bias magnetic fields can be tailored to match those needed elsewhere in the device. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Grooves through part of the thickness 
of the magnetic gamet storage layer of a 
vertical-Bloch-line (VBL) memory device 
can be used to confine magnetic bubble 
and stripe domains in the desired stor
age areas. The VBL-memory concept was 
described in ''Vertical-Bloch-une Memory" 
(NPO-18467), NASA Tech Briefs, Vol. 17, 
No.6 (June 1993), page 42. It is desirable 
to use partial-thickness grooves (as dis
tinguished from total-thickness grooves) in 
that the depths and widths of the grooves 
and the widths of the storage areas be
tween them can be chosen to tailor the 
ranges of the bias magnetic fields in those 
areas to match the ranges of bias fields 
needed elsewhere in the device. 

Figure 1 shows the layout of partial
thickness grooves intended to confine mag
netic bubbles in a major-line storage area 
and magnetic stripes in adjacent minor
loop storage areas of an experimental 
VBL device. The grooves were defined by 
implantation of 8O-keV Na+ ions through a 
mask in a magnetic gamet layer of com
position (yBiGdHoCah(FeGeSi)5012 that 
was deposited to a thickness of 2.26 iJm 
on a substrate of Gd3Ga50 12. The minor
loop grooves were etched to a depth of 10 
percent of thickness of the gamet layer; a 
second masked implantation and etch 
were performed in the major-line grooves 
to increase the depth to 20 percent. 

The magnetic-field responses - that is, 
the structures of the magnetic domains 
- in the device were measured and 
simulated at various applied (bias) mag
netic fields to determine the stability mar
gins and thus the ranges of these fields. 
The simulations were based on the 
assumption that a uniform, unichiral stripe 
domain can be represented by a se
quence of wall points, the motion of which 
is governed by the Landau-Lifschitz
Gilbert equation, subject to the applied 
field(s), demagnetizing field(s), and wall 
pressure, and subject to a linear mobility 
that is, in tum, subject to coercivity and wall 
saturation velocity. 

The measured and simulated domain 
structures were found to agree substan
tially. Figure 2 shows simulated domain 
structures in a minor-loop groove. A bub
ble domain is placed in the groove at a 
bias field of 190 Oe, which is less than the 
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bubble collapse field . The bias field is 
decreased in steps, and the bubble do
main grows into a stable stripe domain. 
Eventually, the stripe domain runs out of 
the groove as the field decreases to 173 
Oe. Thus, the range of bias fields that 
yield stable confinement is about 10 per
cent of the nominal value, the high-field 
stability limit is characterized by the reces
sion of the domains into elongated dumb
bells and eventually bubbles, and the 

low-field stability limit is characterized by 
the runout of the stripe domain from the 
groove. 

The minor-loop stability margins of this 
device match those of the major line more 
closely than do those of prior VBL de
vices. However, deeper partial-thickness 
grooves may be needed to obtain a better 
match. Finally, the simulations show that 
magnetostriction, treated as an effective 
magnetic field, induces shifts in the stability 

range of bias fields. However, measure
ment data indicate that magnetostatic 
effects predominate over magnetostric
tive effects. 

This work was done by Romney R. 
Katti, Jiin-Chuan Wu, and Henry L. 
Stadler of Caltech for NASA's Jet Pro
pulsion Laboratory. For further infor
mation, write in 50 on the TSP Request 
Card. 
NPO-18749 

Monolithic Three-Stage 32-GHz Power Amplifier 
Moderate power and relatively high efficiency are achieved in a small package. 
Lewis Research Center, Cleveland, Ohio 

Figure 1 shows a three-stage monoli
thic integrated-circuit power amplifier that 
operates at frequencies around 32 GHz. 
It is designed for use aboard a commu
nication satellite and is also suitable for 
terrestrial applications in which moder
ate power and high efficiency are need
ed. At 32 GHz, its efficiency can be as 
high as 30.1 percent, with output power 
of 180 mW and gain of 23 dB. The effi
ciency of the best previous multistage 

amplifier operating at nearby frequencies 
(in the Ka band) was only 18 percent. 

The dimensions of the amplifier are only 
2.38 by 1.04 by 0.10 mm. Each stage of 
amplification includes an PJGaAs/lnGaAs/ 
GaAs heterostructure field-effect transis
tor (HFET). The widths of the gates in the 
three transistors are 50 ~m, 100 ~m, and 
250 ~m, respectively, and all three gates 
are 0.20 ~m long. The drain- and gate
bias circuits are integrated onto the circuit 

Power. 

5 minute plots 

chip. The input and output circuits are 
matched to 50 n. 

Each transistor (see Figure 2) includes 
a doped heterojunction that consists of a 
layer of AIGaAs 400 A thick and a layer 
of InO.2Gao.8As 120 A thick. These lay
ers, doped at 2 x1Q18 cm-3, are grown 
on a buffer layer of undoped GaAs. A 
heavily doped contact layer of GaAs is 
grown on top of the AIGaAs layer. One 
of the advantages of this structure is that 

Now, with a new low price, the 
HP DesignJet 200 monochrome 
inkjet plotter is more a.ffi>rdable 
than ever. 

It's true. For about the price of the aver
age pen plotter, the HP DesignJet 200 
gives you crisp, 300-dpi, D-size plots in 
under five minutes. 

Of course, HP's proven ~et technology 
means more than just fast plotting. It 
means no more pen-related problems. 
No more skipped lines. No more pen 
clogging. And our smooth, quiet writing 
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it can be grown easily by molecular-beam 
epitaxy. It offers high transconductance, 
high maximum current, and reasonably 
high breakdown voltage while offering 
state-of-the-art performance at frequen
cies around 32 GHz. 

This work was done by Paul Saunier 
and Hua-Quen Tserng of Texas Instru
ments and Edward Haugland of Lewis 
Research Center. For further infonnation, 
write in 47 on the TSP Request Card. 
LEW-15525 

A 
300 A , 

A 

400 A , 
120A 

A 

Figure 1. The Monolithic Three-Stage 
32-GHz Power Amplifier is compact and 
offers 

Figure 2 . The Structure of the 
Transistor in each stage of the amplifier 
provides for ease of fabrication and relia
bility of gate access. 

'To the people. 

system makes the HP DesignJet 200 
ideal for any office environment And 
with the addition oflegs, the DesignJet 
200 converts from a desktop to a free
standing plotter. 

NASA Tech Briefs. May 1994 

So get the plotter that saves you as 
much time as it does money. Call 
1-800-851-ll70, Ext 7720 for the loca
tion of your local HP demo dealer.' 

$2,995* 
Flidl HEWLETT® 
~~ PACKARD 

*E-slze..-J pri<Od "'just $3,996. Sugaosted us. list prices. 
PrIce does not Include oplionaIlep and bin. Plot iJna8es courtesy 
of AulDdesk, Inc. t in Canada. call 1·800-387·3867, Ext. 7720. 
CI994l1ewlell' Padaln! ComPlU'1)' 1'£12402 
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Making a D-Latch Sensitive to ex Particles 
The sensitized D-Iatch is used to study single-event upsets. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A standard complementary metal 
oxide/semiconductor (CMOS) D-Iatch in
tegrated circuit can be modified to in
crease its susceptibility to single-event 
upsets (SEU's) (changes in logic state) 
caused by impacts of energetic 0: parti
cles. The modified D-Iatch is suitable for 
use in relatively inexpensive bench-scale 
SEU tests of itself and of related inte
grated circuits like static random-access 
memories. 

The modification is what makes bench
scale testing possible. Typical unmodi
fied D-Iatches are designed to be rela
tively invulnerable to SEU, even in the 
presence of cosmic rays. Heretofore, to 
measure the relatively low SEU sensitivi
ties of these circuits, it has been nec
essary to expose them to heavy ions in 
high-energy particle accelerators. In the 
bench test, the modified, sensitized latch 
is exposed to 0: particles from a 4 .6-~Ci 
241Am source. 

As shown in Figure 1, the modification 
consists in disconnecting the pullup metal 
oxide/semiconductor field-effect transistor 
(MOSFET) from the main supply potential 
VOO and connecting it to Voff' which is a 
variable offset potential. If the amount of 
charge that the ionization trail left by an 
energetic ion deposits in a sensitive junc
tion exceeds a critical charge, Qc' then a 
SEU occurs. The critical charge can be 
decreased and the sensitivity to SEU 
correspondingly increased by lowering 
Voff ' The measurements of the SEU rate 
as a function of Voff (see Figure 2) can be 
extrapolated to estimate the SEU rate and 
other measures of upsettability at Voff = 
VOO = 5 V (the normal supply voltage). 

This work was done by Martin G. 
Buehler, Brent R. Blaes, and Robert H. 
Nixon of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, write in 79 on the TSP Request Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
(MiS 79-23) 
Jet Propulsion Laboratory 
4800 Oak Grove Orive 
Pasadena, CA 91109 

Refer to NPO-18614, volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 
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o n- Well Diode (Zero Bias) 

• n- Well Diode (Reverse Bias) 

Original Modified 
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• p Subdiode (Reverse Bias) 

Figure 1. This D-Latch is made more sensitive to (J. particles by disconnecting the pullup 
MOSFET from VOO and connecting it to Yo,,, which is less than VOO The diodes marked as 
solid squares are most susceptible to SEU because they sit on a p-doped substrate, where 
plasma tracks induced by a particles are not truncated. 
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Figure 2. The Upset Rate of the D-Latch was measured at various levels of Voff during 
exposure to a 241Am source of a particles. The data were taken at 5-mV intervals. Error bars 
represent 10 samples with 10-second exposure times. 
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The Critical Cell Of The 
RF Attenuator Has Become 

The Whole Attenuator 

THE FIRST SELF-CONTAINED, 
ULTRAMINIATURE 
SWITCHABLE ATTENUATOR! 

Teledyne Relays' 
new AlSO Attenua
tor Relay* is spe
cificallyengineered 
to provide a her
metically sealed 
electro-mechanical 

relay that can attenuate RF signals without 
additional external components. 

Our new self-contained switch
able attenuator provides high isolation 
between control and signal paths, stable 
attenuation vs. temperature, excellent phase 

'!'llenl pending 

linearity vs. frequency and outstanding 
intermodulation performance. The AlSO 
Attenuator Relay is designed for use in 50 
olun systems over the frequency range from 
dc to 30Hz. The unit is less than .050 
cubic inches in volume, occupies less than 
0.200 square inches of board space and 
weighs less than O.ll ounces. The thin-film 
matched attenuator pad is integrated into 
the unit's mechanical switching circuit. 

The AlSO Attenuator Relay is 
housed in Teledyne Relays' extended 
Centigfidl® hermetically sealed package. 
The two rows of connecting leads are 
0.200" apart and the leads are spaced 0.150" 
center -to-center. It also features internal 
welded construction and uni-frame design 

for high motor magnetic efficiency and 
exceptional mechanical ruggedness. 
Its gold-plated precious metal contacts 
assure low contact circuit losses and 
reliable switching. 

The AlSO is the only RF Atten
uator of its kind. For price, delivery and 
technical information, call 1-800-284-7007 
or FAX us at 1-213-779-9161. 

..,....TELEDYNE RELAYS 
Innovations In Switching Technology 

HOME OFFICE, 12525 Daphne Avenue, Hawthorne, CA 90250 ' Telephone 213-777-0077 • FAX 213-779-9161 
u.s. REGIONAL SALFS OFFICES: EASTERN, 201·299-7667: CENTRAL, 708-529·1060. 

OVERSEAS: GERMANY, 01149-61117636-147: ENGLAND, (081) 571·9596: BELGIUM, (02) 673-99-88: JAPAN, (3) 3797~9S6 
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Three Magnetic Direct-Current Sensors 
Unidirectional and bidirectional versions have been demonstrated. 
Lewis Research Center, Cleveland, Ohio 

The figure illustrates three circuits that 
sense direct currents magnetically, via 
transformer coupling, rather than via di
rect electrical contact. In each of these 
circuits as in some magnetic direct-cur
rent-sensing circuits described in previ
ous articles in NASA Tech Briefs, (1) the 
current to be measured flows in a sin
gle- or few-turn primary winding on a 
toroidal transformer core and (2) the trans
former effect is maintained (equivalently, 
the adverse effects of saturation of the 
core are overcome) by periodically ap
plying, to the secondary winding, a volt
age sufficient to reset the magnetic flux 
in the core to reverse saturation. Reverse 
saturation means saturation at a polarity 
opposite that of the magnetic flux gen
erated by the current to be measured. 

The simplest of the three circuits, shown 
at the top of the figure, measures current 
in one direction only. The reset pulses 
are initiated by applying a 1-kHz clock 
signal or an on-demand control signal to 
the flip-flop. Each reset pulse is termi
nated when the comparator determines 
that the voltage across the sensing 
resistor, vmcs ' rises above a preset 
value (in this case, 6 V), signifying the 
onset of reverse saturation. Allowing 
sufficient time for the reset-pulse tran
sients to decay and before forward sat
uration is reached, vmcs is sampled for 
10 I-ls to obtain a measure of the primary 
current to be measured (vmcs is propor
tional to this current before saturation is 
reached). 

Two circuits like the one shown above 
can be combined into a circuit that meas
ures current in either direction, as shown 
in the middle of the figure. In this case, 
the current flows in opposite senses in 
the primary transformer windings of the 
two component circuits, and the voltages 

. across the two sensing resistors (vmcs1 
and vmcs2) are combined via a compa
rator to obtain a single output voltage, 
v mcs' proportional in both magnitude and 
sign to the current to be measured. 

The circuit shown at the bottom of the 
figure contains a single transformer core 
but includes two flux-reset drivers and 
two sensing resistors and can measure 
current in either direction. In this circuit, 
the 1-ms operating cycle is divided into 
equal intervals, and the various functions 
are initiated by use of a 10-kHz clock and 
a 10-output sequencer. The reset pulses 
are initiated at the beginnings of alter
nate half cycles. Each reset pulse is ter
minated when the appropriate voltage 
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These Three Direct-Current-Measuring Circuits are based on magnetic (transformer) 
coupling , with periodic reset of magnetic flux to reverse saturation. In comparison with 
other magnetic current-sensing circuits, these offer greater reliability and lower power 
consumption . 

(vmcs 1 or vmcs2) rises above 6 V, 
indicating saturation. The voltage across 
each sensing resistor (vmcs1 or vmcs2) is 
sampled at a designated nonsaturation 
time during its respective reset cycle. 

These circuits are examples of a class 
of magnetic current-measuring circuits 
that consume little power. Tests have 
shown that in comparison with Hail-ef
fect magnetic current sensors, these cir
cuits are about equally accurate but are 

more stable under changes in tempera
ture. Overall, these circuits are more de
pendable than other magnetic current
sensing circuits are. 

This work was done by Craig C. 
Sullender and David A. Stagg of Rock
well International Corp. for Lewis Re
search Center. For further information, 
write in 10 or! the TSP Request Card. 
LEW-15173 
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Autozero Unit 
This circuit suppresses the dc component of an 
analog signal without introducing phase shift. 
Lang/ey Research Center, Hampton, Virginia 

An 8-channel signal processor - an 
autozero unit - suppresses the dc com
ponent of an analog voltage signal that 
varies with time in a complicated way, 
without introducing phase shift into the 
ac component. This autozero unit would 
be installed in an instrumentation system 
between a signal source and data-acqui
sition equipment. 

Typically, unwanted dc voltage is re
moved by capacitively coupling the signal 
from one circuit to another. However, 
capacitive coupling blocks both desired 
and undesired dc voltage, and intro
duces phase shift, frequently complicat
ing time-domain analysis of signal data 
and making such analysis impractical. 
Upon command, the autozero unit re
moves the dc component that exists in 
the signal at the time of the command, 
but passes the ac and dc components of 
the ensuing signal. An autozero com
mand can be initiated from the front 
panel of the autozero unit or remotely 
from an external source. 

The autozero unit has an accurate 
fixed gain of 1 and passes input signals in 
the range of ± 10 V at frequencies of 0 to 
50 kHz. To improve suppression resolu
tion, a maximum dc suppression of 3.0 
Vor 0.3 V is selected with a front-panel 
switch for each channel. The autozero 
function can be disabled on all channels 
simultaneously with a front-panel switch, 
thereby allowing data signals to pass 
unaffected through the autozero unit. 
Other features include high impedance, 
differential inputs to match various signal 
sources, a front-panel selector switch to 
enable monitoring of the output of any 
channel, and front-panel light-emitting 
diodes to provide a visual indication of the 
operational status of the autozero unit. 

At the core of the dc-suppression proc
ess of the autozero unit is a digitally im
plemented sample-and-hold circuit (see 
figure), which samples and stores the dc 
voltage level to be subtracted from the 
incoming signal. Two high-quality, micro
circuit instrumentation amplifiers conform 
to excellent data-signal-throughput speci
fications. An autozero command to a tim
ing-and-control circuit within the autozero 
unit initiates the dc-suppression process. 
The timing-and-control circuit synchro
nizes sampling of the incoming signal 
and storage of the dc level with the 
operation of an enabling switch. A low
pass filter extracts the dc component 
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The Autozero 
Unit, shown here 
in simplified form, 
subtracts the dc 
component of the 
input signal , so 
that the output 
contains only the 
ac component. 

Input 
Ampl~ier 

Input >------t 

Enabling 
SwItch 

DIfference 
Amplifier 

Analog Inputs: 
• 12· or 16-blt AID 
• 8 DE or 16 SE channels, expandable up to 256 
• lOOK sample/s continuous throughput to PC 
• 512-location randomly programmable chan· 

nel/galn sequencing. 10 ~s/channel 
• Analog &: digital triggering 
• Many transducer option cards 
Analog Outputs: 
• Two 12·bit D/A converters 
Digital I/ O: 
• 24 programmable I/O lines, expandable to 192 
• Sixteen 100kHz dig~allnput lines 
Frequenq/ pulse 1/0: 
• five 16-bit programmable counter/timers, up 

to 7 MHz operation 
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from the complicated incoming analog 
signal. The digital sample-and-hold cir
cuit reads the extracted dc voltage level 
and stores it for long times. The enabling 
switch applies the stored dc voltage to 
the difference amplifier, which continually 

subtracts this dc voltage level from the 
incoming analog signal until another 
autozero command is issued. 

This work was done by William C. White 
of Wyle Laboratories for Langley 
Research Center. For further information, 

write in 24 on the TSP Request Card. 
Inquiries concerning rights for the 

commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center (see page 20]. 
Refer to LAR-14882. 

Improved Carbon Anodes for Rechargeable Lithium Cells 
Binder content can be chosen to maximize reversible lithium capacity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Carbon anodes for rechargeable lith
ium cells have been improved by 
choosing binder contents and fabrica
tion conditions to achieve maximum 
porosity, uniform loading, and maximum 
reversible lithium capacity. In addition, it 
has been demonstrated that stacking 
electrodes under pressure during 
assembly of cells increases the cyclabili
ty of lithium. Rechargeable, high-ener
gy-density lithium cells that contain 
these improved carbon anodes may find 
use in spacecraft, military, communica
tions, automotive, and other demanding 
applications. 

Because of its low equivalent weight, 
low voltage vs. Li, and stability toward 
electrolytes, carbon is being studied as 
an anode material alternative to Li in re
chargeable Li cells; as an anode materi
al, Li is somewhat disadvantageous in 
that it is highly reactive toward electro
lytes, and after repeated cycling, cells 
that contain lithium anodes become un
safe because lithium dendrites form, re
sulting in short-circuiting of the cells. 

The successful replacement of Li by C 
in these applications is not trivial. Al
though carbon powder can be compact
ed at high temperature and pressure, the 
sintering makes the electrode less por
ous, thereby reducing the achievable rates 
of charge and discharge and the capaci
ty for intercalation of Li. Consequently, a 
suitable composition and quantity of 
binder have been sought to enable the 
fabrication of carbon electrodes at low 
temperature; too much binder would result 
in smaller specific energy, charge-rate, dis
charge-rate, and intercalation capabili
ties, whereas insufficient binder would not 
hold the carbon particles together. 

The electrochemical intercalation of Li 
into carbon electrodes was studied in 
experiments by use of the following cell 
configuration: (-) Li/1.5M LiAsFB in 10 
percent EC + 90 percent 2-methyl tetra
hydrofuran/LixC (+). The fabrication of 
electrodes for these experiments began 
with mixing of graphite powder with a 0.5 
volume percent solution of ethylene pro
pylene diene monomer (EPDM) binder in 
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Figure 1. Electrochemical Intercalation and Deintercalation of Li in a graphite electrode of 
optimal binder content were measured in an electrochemical cell. 
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Figure 2. The Effect of Electrode-Stacking Pressure on the performance of a cell is illus
trated. The cell has a charge capacity of 1 A-h, and the composition of the carbon electrode 
is the optimal 0.5 weight percent EPDM binder with 99.5 weight percent graphite powder. 

cyclohexane until a uniform slurry was 
obtained. For ~ach electrode, the slurry 

was painted evenly on both sides of a 
nickel grid (which served as a mechan-
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ical support and current collector of the 
electrode) and was then evaporated to 
dryness. The electrodes were then 
pressed between stainless steel ~Iates 
at a pressure of about 450 Ib/in. (3.1 
MPa). The painting, drying, and pressing 
procedures were repeated until the 
desired loading was achieved. Typically, 
the carbon electrode material had cov
ered the nickel support to a thickness of 
10 to 15 mils (0.25 to 0.38 mm~ with a 
mass loading of 10 to 15 mg/cm . 

The electrodes that performed best in 
the electrochemical experiments had com
positions of 0.5 volume percent EPDM 
and 99.5 volume percent C. Li was inter
calated into carbon in two stages, ap
proaching the theoretical maximum Li 
content LiC6' As shown in Figure 1, this 

material exhibits high Li reversibility when 
the x in LixC is in the range from 0.0460 
to 0.1665; this range corresponds to the 
second stage of intercalation of Li in C. 

The cyclability of lithium was found to 
depend strongly on electrode-stacking 
pressure. This type of information is vital 
to the design of rechargeable Li cells be
cause the nature of the physical contain
ment of the anode determines the me
chanical pressure exerted on it. Figure 2 
illustrates selected performance charac
teristics of an electrode stacked at two 
different pressures, indicating that per
formance in the relatively tightly packed 
cell is superior at both the first and the 
second stages of intercalation. 

This work was done by Chen-Kuo 
Huang, Subbarao Surampudi, Alan Attia, 

Self-Sealing Cryogenic Fitting 

and Gerald Halpert of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 75 on the TSP Re
quest Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
(M/S 79-23) 

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Refer to NPO-18823, volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 

Coefficients of thermal expansion and shapes of components are chosen so 
that cooling causes tightening. 
John F. Kennedy Space Center, Florida 

A self-sealing fitting for cryogeniC tubes 
remains free of leakage from room tem
perature to liquid-helium temperature 
(about 300 K to 5 1<), even at an internal 
pressure as high as 2.7 MPa. The fitting 
comprises parts made of materials with 
different coefficients of thermal expan
sion to prevent leakage gaps from forming 
as the temperature decreases. 

In a conventional fitting that carries a 
hot fluid, prevention of leakage is not or
dinarily a problem; thermal expansion of 
the mating parts tends to tighten the seal. 
However, when the same fitting, tighten
ed at room temperature, carries a cold 
fluid, the parts of the fitting contract differ
entially, forming gaps. According to one 
analysis, if a gap increases 50 percent be
cause of a decrease in temperature, the 
rate of leakage will increase more than 
300 percent. Also of course, the rate of 
leakage is greater if the fluid is under high 
pressure. 

The present self-sealing fitting con
sists of a coupling nut, two flared tube 
ends, and a flared O-ring spacer (see fig
ure). The a-ring spacer is made of a metal 
(for example, copper) that has a coeffi
cient of thermal expansion greater than 
that of the material of the coupling nut 
and tube ends [for example, Invar (or 
equivalent) low-thermal-expansion alloy]. 
When the spacer contracts during cool
ing, it clamps the tube ends more tightly, 
thereby tightening the joint further. 

The values of the tube-end flare angle, 
the radii of the a-ring spacer, and the co-
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O-Ring Spacer 
(Typically. Copper) 

The O-Ring Spacer Contracts More than the tube ends do as the temperature decreases. 
This greater contraction seals the tube ends more tightly, preventing leakage. 

efficients of expansion of the two metals 
must be chosen within certain ranges in 
an interdependent way. The deSigners of 
the fitting have developed tables and plots 
that express the relationships among 
these variables. 

In a leak test, the fitting was filled with 
liquid helium at a pressure of 2.71 MPa 
and held in a vacuum chamber at a tem
perature between 4.5 and 6.9 K for 5 
hours. The vacuum gauges did not de
tect any leakage in the vacuum. In con
trast, a conventional fitting started to leak 
as its temperature decreased below 205 
K. At 77 K, it leaked 1.28xO-3 kg/min. 

This work was done by [jn Xiang Jia, Wen 
Lung Chow, and Davood Moslemian of 

Florida Atlantic University and Gary Lin 
and Greg Melton of Kennedy Space 
Center. For further information, write in 
81 on the TSP Request Card. 

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

Or. Davood Moslemian 
Atlantic University 
Department of Mechanical Engineering 
P.O. Box 3091 
Boca Raton, FL 33431-0991 
Refer to KSC-11599, volume and num

ber of this NASA Tech Briefs issue, and 
the page number. 
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Advanced p-MOSFET 
Ionizing-Radiation Dosimeter 
Threshold voltage would vary with dose, 

but not with temperature. 
NASA's Jet Propulsion Laboratory, Pasadena, Califomia 

Figure 1 illustrates a proposed circuit 
that would yield measurements indica
tive of the total dose of ionizing radiation. 
The conceptual design and operation of 
the circuit are based on measurement of 
the threshold gate voltage, Vr, of a p-

Figure 1. This Circuit 
Would Measure the Total 
Dose of ionizing radiation in 
terms of the shift in thresh
old gate voltage of the p
MOSFET. 
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doped-channel metal oxide/semiconduc
tor field-effect transistor (p-MOSFET): 
Vr changes as radiation-induced electric 
charge accumulates in the gate oxide. 

The p-MOSF8 would be connected 
into the feedback loop of an operational 
amplifier for measurement of its gate volt
age, VG (which sometimes does and 
sometimes does not equal Vr, depend
ing on other voltage and current condi
tions). Switch positions S1 through S4 
would be used to set the bias voltages 
and currents. The effect of accumulated 
radiation-induced charge would depend 
on bias conditions: the rate of change of 
Vr with the dose rate would be greatest 
- that is, the p-MOSFET would be most 
sensitive to radiation - in the "off" bias 
condition. Thus, the p-MOSFET would 
normally be exposed to radiation in the 
"off' condition. After exposure, Vr would 
be determined in the "measurement" 
(S1' S3) bias condition. Two switch set-
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tings would provide calibration bias condi
tions for determination of two radiation
damage coefficients and two temperature 
coefficients: the rates of change of thres
hold voltage and transconductance with 
radiation dose (a 60Co radiation source 
would be used in this calibration) and the 
rates of change of threshold voltage and 
transconductance with temperature. 

The structure of the p-MOSFET would 
be based on a virtual-ground principle 
to eliminate a current path along which 
accumulated radiation-induced charge 
would otherwise leak slowly from the gate 
region and thereby degrade the radia
tion measurement. For this purpose, the 
p-MOSFET would have an "edgeless" 
configuration, in which the source would 
surround the drain. In addition, all junc
tions except the drain would be held at 
zero bias voltage. The operational 
amplifier would hold the source at zero 
bias by providing a drain current of 10 = 
V1IR. Operation in the saturation region 
of the current-vs.-voltage characteristic 
would be ensured by connecting the 
source to the drain, and the drain voltage 
would thus be set at VG by the opera
tion.al amplifier. 

Dosimetry via the shift in th reshold 
voltage of a p-MOSFET is influenced by 
second-order changes of transconduc
tance and threshold voltage with tem
perature. It is necessary to compensate 
for or prevent these changes to deter
mine radiation doses accurately. In this 
circuit, the effect of variation in tempera
ture would be suppressed by setting the 
drain-current bias in the "measurement" 
condition at the temperature-independ
ent point indicated in Figure 2. With this 
bias setting, the charge in gate voltage 
indicative of the dose would depend on 
the dose but not on temperature. 

This work was done by Martin G. 
Buehler and Brent R. Blaes of Caltech 
for NASA's Jet Propulsion Labora
tory. For further information, write in 78 
on the TSP Request Card. 

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

William T. Callaghan, Manager 
Technology Commercialization 
(MiS 79-23) 
Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-18878, volume and 

number of this NASA Tech Briefs issue, 
and the page number. 
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Figure 2. The Drain 
Current Would Be 
Set at the tempera
tu re- i ndepe n dent 
pOint to increase 
accuracy in determi
nation of the radiation 
dose. 
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Electronic Systems 

Digital GPS-Signal Processor With P-Code/No-P-Code Option 
Size, power, and cost are reduced by exploiting commonality. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure illustrates the functional 

blocks of a digital signal processor for a 
Global Positioning System (GPS) receiv
er that can be set to operate in a "code" 
mode when the P code is known, or in a 
"codeless" mode when the P code is not 
known. (The P code is a pseudoran
dom-noise code, transmitted via phase 
modulation; knowledge of the P code is 
necessary to obtain full accuracy.) In the 
codeless mode, this processor performs 

full-quadrature processing, which results 
in a signal-to-noise ratio (SNR) 6 dB great
erthan the SNR's of processors that do 
not perform at full quadrature. 

The typical older GPS-signal proces
sor operates either in the code mode 
(only) or in the codeless mode (only) or 
else contains separate circuits for the two 
modes. In contrast, the design of this 
processor exploits the common 
aspects of code-mode and codeless-

mode processing, using mostly the 
same circuitry to perform operations in 
both modes. As a result, this processor 
is smaller, costs less, and can consume 
less power than a GPS-signal processor 
with separate circuitry for the two modes. 

The GPS signals are transmitted at 
two L-Band carrier frequencies called "L 1" 
and "L2," with P-code modulations called 
"P1" and "P2," respectively. This proces
sor is designed to perform full-quadra-
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Notes: 
1. fs = sampling rate = 20.456 MHz. 
2. One lag = 11fs ' 
3. A denotes code mode. 
4. B denotes codeless mode. 
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The Same Circuits Are Used to process signals in the code (A) and codeless (B) modes. 
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ture cross-correlation of the L 1 and L2 
signals, in the codeless mode. With prop
er selection of the inputs, almost all of 
the cross-correlation operations can be 
performed by circuitry developed previ
ously for full-quadrature code-mode proc
essing. These operations are counterrota
tion of the carrier-signal phasors, lagging 
of the L 1 signal with respect to the L2 
signal correlation, and accumulation. 

Three changes must be made in the 
previously developed circuitry to provide 
for operation in both modes. Two of these 
changes are the addition of a set of in
put -selecting switches and the addition 
of a delay line controlled by the tracking 
processor, which is the software that 
completes the tracking loops. The third 
major change consists of additions to the 
tracking-processor software for proces
sing correlation sums and computing 
phase and delay feedback. 

In the code mode, input consists of 
quadrature baseband samples of the 
L 1 and L2 signals at a sampling rate of 
20.456 MHz. In each channel, the input 
samples are first counterrotated in quad
rature on the basis of feedback supplied 

by the tracking processor, which down
converts the carrier frequency to zero 
when in lock. This operation involves 
complex multiplication, and for a given 
code channel, it produces two in-phase 
(I) components and two quadrature (Q) 
components, which are respectively add
ed. Each of the two resulting quadra
ture components is then sent into three 
branches, and in each branch it is mUl
tiplied by a lagged code-model sample 
generated on the basis of feedback sup
plied by the tracking processor. The three 
lagged code models are identical ex
cept for lag step's in units of the sam
pling period, (~0456) ~s. The three com
plex products are then accumulated over 
a correlation interval (e.g., 19 ms). This 
correlation process is carried out sepa
rately for each P channel and produces 
1 2 correlation sums (3 lags x 2 complex 
components x 2 P channels) in the com
bined P-channel output. The correlation 
sums are passed to the tracking proc
essor for analysis and computation of 
feedback. 

In the codeless mode, the L2 complex 
samples become the signal input for 

both the "P1" and "P2" channels, while 
the L 1 complex samples are injected 
where the code-model samples were in
jected in the code mode. The L 1 sam
ples are selected as substitute "code
model" input because the L 1 signal un
dergoes a smaller ionosphere delay than 
L2 does and therefore generally must 
be delayed relative to L2 before cross
correlation. In some cases, however, even 
more compensation for ionospnere de
lay is needed. The delay line controlled 
by the tracking processor satisfies the 
need for additional L 1 delay in these cases. 

In the codeless mode, two of the four 
output correlation sums are I compo
nents and two are Q components of the 
cross-correlation between L 1 and L2. 
The two I components and the two Q 
components are respectively added by 
the tracking processor. 

This work was done by J . Brooks 
Thomas and Jeffrey M. Srinivasan of CaJ
tech for NASA's Jet PropulSion Lab
oratory. For further information, write 
in 8 on the TSP Request Card. 
NPO-18831 

Versatile Dual-Channel Waveform Generator 
The use of commercial integrated circuits helps keep the cost low. 
Lewis Research Center, Cleveland, Ohio 

A programmable waveform generator 
synthesizes two independent waveforms 
simultaneously at frequencies up to 250 
MHz. The waveforms are programmed 
from a personal computer. The wave
forms can be in phase or out of phase 
with each other. 

The direct digital synthesizer has been 
used to generate in-phase and quadra
ture chirp signals to test a satellite com
munication system. It can also generate 
waveforms with amplitude, frequency, 
phase, and quadrature amplitude modu
lation, as well as bipolar phase-shift key
ing, quadrature phase-shift keying, and 
quadrature amplitude modulation. When 
used with a single-sideband modulator, 
the waveform generator can produce 
polyphase coding of GHz transmissions 
for application in modem stealth radio and 
radar systems. It can also serve as a gen
eral-purpose bench-top instrument, replac
ing separate pulse generators, sine-wave 
generators, and other function generators. 

To keep the cost relatively low (about 
$10,000 in 1991), the waveform genera
tor is designed to incorporate commer
cial very-large-scale integrated circuits of 
two types: a 250-MHz, 40-bit, multitap 
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This Waveform Generator synthesizes two different signals simultaneously, as the upper 
and lower waveforms (the I and Q baseband components of a chirp signal) on the oscillo
scope exemplify. The waveform generator is the module under the oscilloscope. 
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shift register and a 250-MHz, multichan
nel, 8-bit digital-to-analog converter. Two 
of the shift registers are used in each chan
nel, with taps set at every 8th bit. Data are 
loaded in parallel into the registers, 8 
bytes at a time every 32 nanoseconds, 
leaving 7 nanoseconds beyond the 
access time of a random-access memo
ry for delays and margin. The data bits 
are interleaved so that each byte 
appears in succession at the eight taps 
every time the register is clocked at 250 
MHz. 

The waveform generator contains 16 
kilobytes of internal memory per chan-

nel; this capacity can be expanded to 32 
kilobytes per channel. In each channel, a 
maximum output signal of ± 1 volt is fed 
into a 5O-ohm load. Although resolution is 
limited to 8-bit quantization (48 dB), pro
grammable attenuators in each channel 
make it possible to generate signals as 
small as -100 dBm in 10-dB steps. 
Operation is governed by BASIC source 
code that enables any user equipped with 
a suitable personal computer to specify 
waveforms. The user can also modify the 
source code to satisfy special needs. 

Other potential applications include the 
simulation of Doppler waveforms for ra-

dar, and of video signals for testing color 
displays and computer monitors. With 
the eventual substitution of gallium ar
senide integrated circuits for its present sil
icon integrated circuits, the instrument will 
be able to generate waveforms with 14-
bit precision and sample rates as high 
as 2 GHz. 

This work was done by Edward J. 
Staples, Sen Ue, and Michael Ching of 
Amerasia Technology, Inc., under the di
rection of James M. Budinger of Lewis 
Research Center. For further informa
tion, write in 51 on the TSP Request 
card. LEW-15527 

Suppression of Range Sidelobes in Spaceborne 
Rain-Mapping Radar 
Sidelobes are suppressed by at least 55 dB in the aircraft radar demonstration. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Adequate suppression of range side
lobes in a chirp pUlse-compression ra
dar system for spaceborne rain-rnapping 
application has been demonstrated in 
operation of an aircraft version of the 
system. The radar system, which oper
ates at a center frequency of 13.8 GHz, 
has been developed for operation aboard 
the NASA DC-8 aircraft to measure ver
tical rainfall-rate profiles and rain-cell 
dimensions. 

Pulse-compression radar is desirable 
for spaceborne rain-mapping applica
tions because it provides adequate 
range resolution and signal-to-noise ratio 
while using a relatively low peak trans
mitted power. To use these attributes of 
pulse compression to full advantages, it 
is necessary to suppress the pulse
compression sidelobes to a very low 
level. For the specific radar system, the 
sidelobes at middle to far range from the 
mainlobe response rnust be at least 55 
dB below the peak of the main lobe to 
enable the retrieval of rain signal from the 
surface clutter. A pulse-compression 
scheme must include a dedicated side
lobe-suppression feature to meet this 
requirement. 

In the pUlse-compression scheme used 
here, the chirp pulse signal prior to trans
missions is frequency-modulated in a lin
ear fashion with time, and is amplitude
weighted by a cosine-tapered, flat-topped 
waveform. The chirp signal is generated 
by a programmable digital frequency syn
thesizer. The return signal is cross-cor
related with the transmitted signal. 

Figure 1 shows the block diagram of 
the radar hardware. The transmitter pro
duces programmable chirp waveforms of 
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arbitrary pulse lengths and with a 4-MHz 
bandwidth centered about the 13.8-GHz 
carrier frequency. The chirp amplitude 
and frequency information are stored in 
lookup-table form in a 32 x 1,024-bit 
random-access memory. During trans
mission, the information is sent to the 
frequency synthesizer and the digitally
controlled attenuator at a rate of 6.7 MHz. 
The synthesizer generates a rectangular 
intermediate-frequency (IF) chirp at 70 
MHz. The IF chirp is then tapered to the 
desired pulse shape by the attenuator. 
The resulting chirp signal is upconverted 
to radio frequency by mixing with a 
13.73-GHz signal from an oscillator. This 
Signal is coupled into a waveguide, where 
it is again filtered and amplified with a 
solid-state amplifier to a level of +13 
dBm. The signal is amplified further by a 
traveling-wave-tube amplifier (TWTA) to 
a peak power level of 250 W (+54 dBm). 
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Figure 1. An 
Airborne Rain
Mapping Radar 
is based on 
pulse compres
sion and uses 
13.8-GHz carrier 
frequency. 
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Figure 2. The Mid-to-Far-Range Sidelobes 
are suppressed to below -55 dB, as re
quired to enable the retrieval of rain signal. 

The TWT A is operated in the nonsatu
rated mode to maintain the desired pulse
shape characteristics. The output signal 
of the TWT A is directed to the antenna 
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for transmission. 
The radar echo collected by the an

tenna is amplified by a low-noise am
plifier in the receiver. After amplification 
and filtering, the received signal is down
converted to an IF of 70 MHz, where it is 
again filtered and amplified to the proper 
level. The final stage of the receiver down
converts the signal to baseband, ampli
fies it, and digitizes it with a fast, 12-bit 
analog-to-digital (A/D) converter. The di
gital output is stored on a high-speed di
gital tape recorder for processing. Pulse 
compression is performed by the ground 
data processor, which cross-correlates 
the recorded data with a replica of the 
transmitted signal. 

Both the laboratory and ground-based 
field tests conducted with this system in 
1991 and 1992 have confirmed the re
quired range sidelobe suppression per
formance. To verify further the perform
ance in realistic setting, dedicated pulse 
compression tests were conducted in a 
number of science experiments during 
1992 and early 1993. In these flight tests, 
the radar aboard the NASA OC-8 aircraft 
collected the clear ocean (no rain) back
scatter measurements at nadir. During 
ground processing, several thousand of 
these backscatter chirps were com
pressed and averaged together to mini
mize the random noise variations. Figure 
2 shows a typical result from these flight 
tests. Each individual chirp has a pulse 
duration of 40 ~s and a bandwidth of 4 
MHz, and the cosine taper is applied 
during the first % and last % of the pulse 
duration. The mid-to-far sidelobes are 
clearly suppressed below -55 dB, as 
required. 

The same range sidelobe suppres-
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sion technique can be applied to other 
frequencies, and therefore, could also be 
useful in other radar systems in which low 
sidelobes at mid to far range are needed. 

This work was done by Eastwood 1m, 
William J. Wilson, Fuk K. Li, Alan B. 

Tanner, Stephen L. Durden, and Richard 
F. Denning of Caltech for NASA's Jet 
Propulsion Laboratory. For further in
formation, write in 87 on the TSP Re
quest Card. NPO-18515 

A Motion-Compensating Image-Compression Scheme 
Chrominance is used (in addition to luminance) in estimating motion. 
Lyndon B. Johnson Space Center, Houston, Texas 

A variable-rate digital coding scheme 
for the compression of color-video-im
age data is designed to deliver pictures 
of good quality at a moderate compressed
data rate of 1 to 2 bits per pixel, or of fair 
quality at a rate less than 1 bit per pixel. 
The scheme can, in principle, be imple
mented by use of commercially available 
application-specific integrated circuits. 
Thus far, it has been verified by use of 
computer simulations. 

This coding scheme (see figure) in
corporates elements of some prior coding 
schemes, including motion compensa
tion (MC) and the discrete cosine trans
form (OCT). Each image frame is divided 
into blocks of 8x8 pixels, and each block 
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is compared with the corresponding block 
in the previous frame. Blocks that exhibit 
little difference from the previous frame 
are considered stationary. The frame-to
frame displacement vector is estimated 
for each nonstationary (or moving) block. 
In this scheme, the displacement vector 
of each block is estimated from the lumi
nance signal and from the two com
ponents of the chrominance signal in
stead of from the luminance signal alone 
as in older schemes: this can be an advan
tage in that the additional chrominance
derived information can contribute to 
increased accuracy of the displacement 
vector where luminance is low and/or 
detailed color information is available. 

If the displacement vector of a moving 
block can be estimated accurately, ac
cording to a prescribed numerical error 
criterion, then for purposes of encoding it 
is assumed that that block can be re
constructed by displacement of the cor
responding block in the previous frame. 
For such blocks, it is necessary to trans
mit only the displacement vectors (and 
not the pixel values themselves) to con
vey the information needed to recon
struct the present frame. 

Where the displacement vectors can
not be estimated accurately, the com
plete blocks must be coded and 
transmitted. Each of these blocks is 
first converted into transform coefficients 
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via a OCT process. The transform coeffi
cients are sent to an entropy (Huffman) 
coder to reduce the total number of bits 
to be transmitted. 

The MC-OCT system is capable of 
coding the video image at various pic
ture-quality levels. The quantizer applied 
to the transform coefficients is adjusted 
according to the quality-control parameter 
that corresponds to the selected quality 
level. A lower bit rate can be achieved by 
selecting a lower picture-quality level. 

This work was done by Carol Wong of 
Lockheed Engineering & Sciences Co. 
for Johnson Space Center. For further 
information, write in 89 on the TSP 
Request Card. MSC-21994 
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This MC-OCT 
Image
Compression 
Scheme makes 
use of both the 
chrominance and 
the luminance 
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luminance infor
mation alone) to 
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placement vec
tors for motion 
compensation. 
The quality-con
trol parameter 
can be adjusted 
to obtain a pic
ture of higher (or 
lower) quality at 
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respectively) 
average number 
of bits per pixel. 

Simulating Rain Fade in a Communication System 
Tests will show effects of propagation through the atmosphere. 
Lewis Research Center, Cleveland, Ohio 

An automated, computer-controlled as-
sembly of electronic equipment is being 
developed for use in simulation testing of 
the downlink portion of an Earth/satellite 
microwave digital communication sys
tem. The equipment is designed to show 
the effects upon the performance of the 
system of (1) rain-induced fading in the re
ceived signal and (2) increases in trans
mitted power that are meant to compen
sate for rain-induced fading. The design 
of the communication system could be 
improved iteratively in response to the 
results of the simulations, leading even
tually to a design that could ensure clear, 
uninterrupted transmission of digital signals. 

The figure illustrates the relationships 
among the various pieces of test equip
ment and the corresponding parts of the 
communication system. One of the two 
radio-frequency components that are of 
primary interest in this system is an ad
justable attenuator that simulates rain-in
duced fading. Two versions of the at
tenuator are being developed. One of 
them is of the well-established rotary-vane 
type, in which the amount of attenuation 
depends on the angle between a thin 
vane of resistive material and the electric 
field in a section of waveguide. The angle 
and, thereby, the amount of attenuation is 
adjusted by a stepping-motor rotary 
actuator under computer control. 

In the other version of the attenuator, 
the attenuating component is a positive/ 
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Automated Test Equipment under computer control simUlates and measures effects of 
rain-induced fades on part of a communication system. 

intrinsic/negative (PIN) diode, in which 
the amount of attenuation depends on 
an applied bias voltage that can be ad
justed under computer control. The rotary
vane attenuator offers the advantage of 
precise control of attenuation, but the 

speed of its response is limited by the 
mechanical nature of some of its com
ponents. The solid-state attenuator is less 
precise but better able to simulate rapid 
onset and recession of large fades. 

The other main radio-frequency com-

NASA Tech Briefs, May 1994 



ponent is a traveling-wave tube (TWT), 
which is the final power amplifier in the 20-
GHz downlink transmitter. The TWT in
cludes a modulation anode and is switch
able among three discrete output power 
levels by switching among discrete anode 
voltage levels. 

There are two computers: the network 
control computer (NCC) and the experi
ment control and monitor computer 
(EC&M). The NCC is responsible for the 
general operation of the equipment, per
forming operation and maintenance 
tasks. These tasks include automatically 
commanding an increase or decrease in 
output power to compensate for a rain 
fade. Thus, the NCC must indirectly con
trol a power-control attenuator at the in
put to the TWT and send appropriate 
level-change commands to the TWT. 
Both of these control functions are car-

ried out by the digital routing processor 
(DRP), which provides the correct timing 
and synchronization. EC&M contains rain
fade algorithms, files of calibration data, 
and stepping-motor-indexer commands 
and serves as the interface with the test 
operator. The EC&M issues the com
mands to change attenuation in the rain
fade simulator. 

In a typical test, once the desired at
tenuation is reached, the signal received 
by the ground station would presumably 
fall below a threshold established preVi
ously on the basis of an acceptable bit
error-rate performance below which 
effective communication is lost. In 
response to the lower received power 
level, the NCC would initiate the com
mand sequence to move the TWT from 
the low- to the medium-power level. As 
part of this process, the digital routing 

processor would also instruct the power
control attenuator in the transmitter to 
change to maintain smooth transitions 
between power levels and avoid push
ing the TWT into gain compression. 

This work was done by Kurt A. 
Shalkhauser and Lawrence A. Nagy of 
Lewis Research Center and James K. 
Svoboda of Sverdrup Technology, Inc. 
Further information may be found in 
NASA TM-103134 [N90-28768], "Rain
Fade Simulation and Power Augmen
tation for Satellite Communication Systems." 

Copies may be purchased [prepay
ment required] from the National Tech
nical Information Service, Springfield, 
Virginia 22161, Telephone No. (703) 487-
4650. Rush orders may be placed for an 
extra fee by calling (800) 336-4700. 
LEW-15390 

U pi ink Power Control for Earth/Satel1 ite/Earth Communication 
Power would be adjusted to compensate for anticipated changes in atmospheric attenuation. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates a proposed con
trol subsystem that would adjust the pow
er radiated by the uplink transmitter in an 

Earth station/satellite relay station/ Earth 
station communication system. The 
adjustments would be made to compen-
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"VisSim is rhe best 
software for the design 
and simulation of 
nonlinearities in 
coll1ro/ S)' terns today." 

Art Wroble 
Senior Control Engineer 
Cadillac Gage Textron 

C/umge parameler values while Ihe siml/lalion rUlls and see Ihe resulls inslanlly. 

, T isSim provide a complete, vi ual environment to design, simulate, and 

l' perform real-time verification of complex, dynamic system. VisSim is used 

worldwide for modeling the behavior of servo systems, drive system, digital 

commu nication ystem, power sy tem , and biomedical processes. 

Companion software 
• Vi SimlAnalyze~ 

VisSimlC-Code 

• VisSimlNeural-Net 

• VisSim/RT 
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VisSim runs on MSlWindows, MSlWindow -NT, 
and UnixIX operating ystems. 

Call 508/392-0100 
for a free working demo 

For More Infonnatlon Write In No. 408 

sate for anticipated changes in at
tenuation by rain ("rain fade" for short). 

The raw input to the power-control 
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Parameter optimization 
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• DDE and ASCn file import/export 

• Linearization, zero & pole finder. and root 
locus & Bode plots topt.) 

• Implicit syslem solver .... 
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• Time history. FFT, XY plots. strip charts 

487 Groton Road 
Westford, MA 01886 
5081392'0100 
5081692-3102 FAX 

Vl$$im. VI$SinVMa1yze, VISSlrtVC-Codt Vi5SlllIINeural·NeI. VtsSlm/RT. and Ihi ~Ull SolUtlOl'lS 1000 
I re IrldtrNrkS of Vl5ullSoIutJons Inc Al o!hetl)toduC!l\InIalfl ltldlmlrbollhellproductrs 

57 



-Raw Input 

The Control Subsystem Adjusts the Uplink Power in response to rain fade estimated from 
the received downlink beacon signal. 

subsystem would be a received down
link beacon signal, the amplitude of 
which would be affected not only by rain 
fade but also by scintillation, attenuation 
in atmospheric gases, and diurnal 
effects. Operating at sampling intervals 
of 'tIm (where 't is the delay with which 

the subsystem would respond to input 
and m is a large but finite number cho
sen empirically), the subsystem would 
respond by generating a sequence of 
power-control signals. The subsystem 
would implement a maximum-Iikelihood
sequence-estimation technique. This 

technique, called "adaptive threshold 
detection with estimate sequence" 
(ATDES), is based partly on the assump
tion that the rain fade at intervals of 'tIm 
is a conditionally stationary random 
process in which each sample is influ
enced only by the immediately preced
ing sample. (That is, rain-fade samples 
would be characterized by a first-order 
Markov process.) 

The raw input signals would first be 
preamplified, prefiltered, and sampled at 
intervals of 'tIm. Rolling sequences of 
three consecutive samples would be 
processed and compared with decision 
thresholds to generate a sequence of 
decisions conceming adjustments of the 
transmitter power. Initial, tentative de
cision thresholds would be set accord
ing to externally generated data on scin
tillation, atmospheric attenuation, and 
diurnal effect. Then the decision thresh
olds would be adjusted iteratively at 
intervals of 'tIm according to the results 
of comparisons between the thresholds 
and the samples, to yield final decision 
thresholds after processing time 'to Sam
ples that were delayed but otherwise un
processed would be compared with the 
final decision thresholds to generate the 
sequence of control decisions. 

This work was done by Oayamoy 
Chakraborty of Caltech for NASA's Jet 
Propulsion Laboratory. For further in
formation, write in 105 on the TSP Re
quest Card. NPO-18854 

Verifying Stiffness Parameters of Filament-Wound Cylinders 
Experimental data are analyzed by use of straightforward equations. 
Marshall Space Flight Center, Alabama 

Predicted engineering stiffness pa
rameters of filament-wound composite
material cylinders can be verified with 
respect to experimental data, by use of 
equations developed straightforwardly 
from the applicable formulation of 
Hooke's law. The equations were derived 
in an engineering study of filament
wound rocket-motor cases but are also 
applicable to other cylindrical pressure 
vessels made of orthotropic materials. 

The figure illustrates the essential ge
ometric features that are involved in the 
analysis. The interior of the cylindrical 
vessel is pressurized, and the resulting 
axial and radial strains are computed 
from measurements taken by extenso
meters andlor strain gauges placed far 
from the ends. This placement assures 
that the shear stresses and strains are 
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negligible at the gauged locations. 
Under these conditions, the only 

stresses at the gauged locations are the 
axial stress, 

PO 

° 1 =-
4t 

(where P = the pressure, 0 = the mean 
diameter, and t = thickness of the wall), 
and the hoop stress, 

The applicable Hooke's-Iaw equations 
lead to 

101 4tE1 
C1 = - = - = S11 + 2S12, and 

(J1 0 

~ 4tE:! 
C2 = - = - = S12 + 2S22 

(J1 OP 

where 101 , and 102, are the axial and 
hoop strains, respectively. S11, S1 2, and 
S22 denote the stiffness parameters that 
are sought. These parameters are re
lated to Young's moduli E11 and E22 and 
to Poisson's ratio u12 via 

1 1 \)12 

S11 =-;S22=-;S12=--
E11 E22 E11 

C 1 and C 2 are computed from the 
measurements. 

NASA Tech Briefs, May 1994 



Thus far, there are two equations that 
relate the measurement data and the 
three unknowns S11, S12, and S22. A 
third equation can be formulated by 
applying the method of least squares to 
the differences between the Sij and the 
corresponding predicted engineering 
stiffness parameters A ij (where ij = 11 , 
22, or 12). The result is 

2 ~A 

D 

SECTION A-A 
S22 = - (5C2 - 2C1) 

21 

SIDE VIEW OF PRESSURE VESSEL 

1 

+ - (4A11 + A22 - 2A12) 
21 

, , , . . 

Vessel expands when 
pressurized. Proportional 
increase in length and 

... ~ diameter (or circumference) 
: measured by extensometers 

and/or strain gauges placed 
away from ends. 

Points of Attachment for 
Extensometers and/or 
Strain Gauges 

The three equations can then be 
solved together to obtain the three 
unknowns. Thus, in effect, the experi
mental data are used to verify and to 
enhance the accuracy of the predicted 
stiffness parameters Aij. 

Measurements of a Few Principal Dimensions are used to analyze the stiffness param
eters according to the method described in the text. 

This work was done by V. Vereraime 
and M. Rheinfurth of Marshall Space 
Flight Center. Further information may 
be found in NASA TP-2117 [N83-16400], 
"Identification and Management of Fila
ment-Wound Case Stiffness Parameters." 

Copies may be purchased [prepay
ment required] from the National Tech
nical Information Service, Springfield, 
Virginia 22161, Telephone No. (703) 487-

4650. Rush orders may be placed for an 
extra fee by calling (800) 336-4700. 
MFS-28626 
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-IRI G Time Code Support 

Utilize Stand ard Network/ 
Time P rotocol (NTP) 
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Network Time Server 
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TIME 
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Physical Sciences 

Increasing Sensitivity in Continuous-Flow Electrophoresis 
Sensitivity is increased by gradients in the concentration of buffer and thickness of the chamber. 
Marshall Space Right Center, Alabama 

The sensitivity of a continuous-flow elec
trophoresis (CFE) chamber - i.e. , its abil
ity to separate particles of different mobil
ities - can be increase::l by introducing lateral 
gradients in the concentration of buffer 
solution and thickness of the chamber. 
Such gradients, with resulting enhanced sep
aration, can be achieved in a CFE chamber 
with a wedge-shaped cross section and col
lateral flow. This improved CFE chamber can 
enable improved separations of the homo
geneous components of mixtures of a vari
ety of biologically important substances. 

The left part of Rgure 1 schematically illus
trates the trajectories followed by two pop
ulations, A and B, of charged particles in a 
conventional CFE chamber; Yis the direc
tion in which the buffer is flowing (typical
ly at a constant rate), and X is the direction 
in which the particles move in response to 
the applied electric field. In a convention
al CFE chamber, the trajectories of popu
lations A and B are straight lines because 
there is no lateral gradient (gradient along 
X). The right part of Figure 1 schematical
ly illustrates the trajectories followed by 
the same two populations in a similar 
chamber in which there is a lateral gradi
ent that increases the lateral velocity and 
decreases the vertical velocity with increas
ing X. The trajectories are curved, diverg
ing more with increasing Ythan they do in 
the conventional CFE chamber. Conse
quently, fractions A and B collected at the 
end (bottom in this figure) of the chamber 
are separated more widely than they are in 
conventional CFE. 

The key feature of the improved CFE 
chamber is a wedge-shaped cross section 
(instead of one that is rectangular). The 
wedge cross section gives rise to the 
desired lateral (along X) gradient in the 
axial (along Y) velocity of the fluid because 
the velocity of a fluid flowing between two 
plates varies with the square of the width 
of the gap between them. The wedge 
cross section also gives rise to a lateral gra
dient in the strength of the applied lateral 
electric field because the electrical con
ductivity varies with the cross-sectional 
area available for the passage of current, 
and hence changes along X, the direc
tion of electrophoresis. Finally, because 
the velocity of a fluid in a conduit varies 
inversely with the cross-sectional area, 
the electro-osmotic velocity varies with X; 
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Figure 1. The 
Trajectories 
Followed by 
Populations A 
and B in conven
tional CFE are 
straight, while they 
are curved in the 
presence of lateral 
gradients in veloci 
ty. The curvature 
enhances the sep
aration attained at 
the outlet end 
(lower end in th is 
figu re) of the 
chamber. 
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Figure 2. 
Modifications of 
the CFE Chamber 
to produce the 
desired gradients 
include a wedge
shaped (instead of 
rectangular) cross 
section and the 
imposition of a col
lateral flow. 

--........ 

this effect can be enhanced by manipulating 
the ~ potential of the walls. 

The top part of FlQure 2 schematically illus
trates a CFE chamber in which a wedge
shaped cross section was simulated as a 
series of step changes in chamber thick
ness. When used to separate rabbit fixed 
red blood cells from calf fixed red blood cells, 
this chamber yielded a greater than 9O-per
cent increase in sensitivity over that of a con
ventional chamber of rectangular cross 
section. The effect of the lateral gradient in 
electro-osmotic flow can be enhanced by 
superimposing a uniform collateral flow 
(across the chamber) along the direction of 
electrophoresis, as shown in the lower 
part of Figure 2. 

- Electrode 

Two designs for producing a lateral gra
dient in the concentration of buffer solution 
have been proposed: In one, a low-con
centration solution INOUId enter through a main 
inlet, and a high-concentration solution 
'NOUId be mxed in via a tube that 'NOUId extend 
across the chamber at its upstream end 
and that would be perforated with openings, 
the spatial frequency of which INOUId vary with 
lateral position (X). In the other proposed 
design, mixing would be done outside the 
chamber, and a series of solution-feed tubes 
in which the concentrations change with 
their pOSitions across the upstream end 
would substitute for the main inlet of a con
ventional CFE chamber. 

This work was done by Rizvvan Shamez 

NASA Tech Briefs, May 1994 



Loral Makes a Replacement for the Versatec V80™ 
That Uses No Liquid Chemicals. 
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and David W. Sammons of the University 
of Arizona for Marshall Space Flight 
Center. For further information, write in 30 
on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retajn title to 

this invention. Inquiries concerning rights for 
its commercial use should be addressed to 

Richard A. Maney, 
Program Coordinator 
The University of Arizona 
1430 East Fort Lowell Road 

Suite 200 
Tucson, AZ 85719 

Refer to MFS-26176, volume and number 
of this NASA Tech Briefs issue, and the page 
number. 

Free-Flow Open-Chamber Electrophoresis 
Electro-osmosis is used to minimize net deflection of the sample. 
Marshall Space Flight Center, Alabama 

Free-flow open-chamber electrophore
sis is a variant of free-floW electrophoresis 
that is performed in a chamber with open 
ends and in which the velocity of electro
osmotic flow is adjusted to be equal to 
and opposite the mean electrophoretic 
velocity of the sample (see Rgure 1). Thus, 
particles that have electrophoretic mobil
ities greater than the mean mobility of the 
sample particles move toward the cath
ode, while those with mobilities less than 
the mean move toward the anode. This 
technique can be applied to the separation 
of the components of mixtures of biolog
ically important substances. 

As with other modes of free-flow elec
trop horesis, th e sensi t ivi t y ca n be 
enhanced by use of a tapered chamber. 
A configuration that enhances sensitivity 
appears in the upper part of Figure 2; 
the sample is injected at the point of 
widest gap. 

An altemative strategy for obtaining elec
tro-osmosis with the desired plug-shaped 
velocity profile is illustrated in the lower 
part of figure 2. Two flat plates, AA' and 
BB', are placed in a free-flow elec
trophoresis chamber close to opposite 
walls of the chamber. The surfaces that 
bound the narrower gaps are made neu
tral, whereas the surfaces that bound the 
wider gaps are negatively charged; their ~ 
potential is adjusted to obtain the desired 
elect ro-osmotic veloci ty. Thus, f luid 
pumped toward the cathode by electro
osmosis (in the wider gap) retums to the 
anode via the narrower gaps. 

This work was done by Rizwan Sharnez 
and David W. Sammons of the University 
of Arizona for Marshall Space Flight 
Center_ For further information, write In 4 
on the TSP Request Card. 

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

Richard A. Haney 
Program Director 
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The University of Arizona 
1430 East Fort Lowell Road 
Suite 200 

External Flow 

Electro.Qsmotic 
Velocity Profile 

Figure 1. The Principle of Free-Flow Open-Chamber Electrophoresis is illustrated schemat
ically. The ~ potential of the walls is adjusted to match the mean ~ potential of the sample. This 
results in a plug-shaped electro-osmotic velocity profile with magnitude equal and direction 
opposite those of the mean electrophoretic velocity of the sample. 
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Figure 2. Two Alternative Designs for free-flow open-chamber electrophoresis are shown. 

Tucson, AZ 85719 
Refer to MFS-26177, volume and number 

of this NASA Tech Briefs issue, and the 
page number. 
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Annular-Cross-Section CFE Chamber 
The annular shape virtually eliminates electro-osmosis and transverse velocity gradients. 
Marshall Space Right Center; Alabama 

A proposed continuous-flow-elec
trophoresis (CFE) chamber of annular 
cross section would offer advantages over 
a conventional CFE chamber, and even 
over the wedge-cross-section chamber 
described in "Increasing Sensitivity in 
Continuous-Flow Electrophoresis" (MFS-
26176). In comparison with wedge
shaped chamber, a chamber of annular 
cross section virtually eliminates such wall 
effects as electro-osmosis and transverse 
gradients of velocity. 

In a wedge-cross-section chamber, the 
sensitivity increases with the angle e, 
between the two plates. In the upper limit 
of e (360°), the wedge cross section 
would be transformed into an annulus 
(see figure); thus, the principle by which 
sensitivity can be enhanced through an 
annular design is no different from that of 
a wedge. Moreover, because velocity gra
dients perpendicular to the electric field in 
the wedge would be replaced by velocity 
gradients parallel to the field (in the radial 
direction) in the annulus, particles that 
have the same mobility would be subject-
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ed to virtually identical conditions of elec
tric-field strength, temperature, velocity, 
and the like. In principle, this should lead 
to a higher chamber efficiency Qesser arti
factual dispersion). 

The larger cross-sectional area of an 
annulus should make it possible to use a 
much higher throughput. However, only 
the radially inner part (about half) of the 
annulus would provide a favorable gradi
ent in vy ; i.e., a velocity that decreases 
along the direction of electrophoresis (radi
ally inward). Consequently, if the gradient 
in Vy is to be exploited, separation would 
have to be restricted to the inner part of 
the chamber (r~Rc in the figure). 

As in the wedge-cross-section cham
ber, the sensitivity of the annular chamber 
can be enhanced by incorporating a gra
dient maker and radial (collateral) flow. 
Setting up a radial velocity gradient that 
would match the final (downstream) dis
tribution of velocity in the annulus would 
reduce the length of the entrance zone 
substantially, a feature that could be vital in 
the design of an annular-cross-section 

For More Information Write In No. 414 

CFE chamber with a gap wider than 0.5 
cm. One disadvantage of the annular
cross-section chamber in comparison with 
the wedge-cross-section chamber is that 
it would have less surface area per unit 
volume, and would therefore be less sta
ble with respect to heat loss by thermal 
convection. 

This work was done by Rizwan Shamez 
and David W. Sammons of the University 
of Arizona for Marshall Space Flight 
Center. For further information, write in 
59 on the TSP Request Card. 

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

The University of Arizona 
Attn: Richard A. Haney 
1430 East Fort Lowell Road 
Suite 200 
Tucson, AZ 85719 
Refer to MFS-26178, volume and num

ber of this NASA Tech Briefs issue, and 
the page number. 

NASA Tech Briefs, May 1994 
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The Annular-Cross-Section CFE Chamber could be regarded 
as evolving via an increase in the e of a wedge-cross-section cham
berto 360°, 
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Materials 

Synthesis of a Precursor of Silicon Nitride 
Si(NH)2 is prepared by reaction of NH3 with Si(SCNk 
Lewis Research Center, Cleveland, Ohio 

One promising route toward the produc
tion of highly pure, finely divided, easily sin
terable silicon nitride (Si3N4) involves the 
thermal decomposition of silicon diimide 
[Si(NH)21 prepared by the ammonolysis of 
Si(SCN)4 in CH3CN and purified by the 
complete extraction of byproduct 
NH4SCN by the use of ammonia at a tem
perature and pressure above its critical 
point. In an older method in which Si(NHh 
is prepared by the ammonolysis of SiCI4, it 
has proven difficult to remove all of the 
byproduct NH4CI from the Si(HNh. 

In the older method, highly pure Si3N4 is 
synthesized via the preparation of the 
Si(NHh, which is then thermally decom
posed to silicon nitride according to the 
reaction 

3Si(NH)2 --7 Si3 N4 + 2NH3 

The precursor si licon diimide is made by 
the reaction of silicon tetrachloride with 
dry ammonia: 

Ammonla·Supply 
Cylinder 

Most of the byproduct ammonium chlo
ride is extracted with liquid ammonia. The 
remaining chloride impurity interferes with 
the pyrolysis of the silicon diimide 
because the chloride undergoes a series 
of chemical reactions that make it neces
sary to use a higher temperature to 
remove the chlorine from the final prod
uct, silicon nitride. The new procedure 
for the synthesis of silicon diimide 
emerged in the context of trying to devise 
a more efficient way to extract the chlo
ride byproduct. 

The experiments in extraction by use 
of supercritical ammonia were performed 
in the apparatus shown schematically in 
the figure. Ammonia was pumped into 
and through an extractor vessel. After 
emerging from this vessel , the supercri
tical solution was flashed across a heated 
expansion valve into a separator vessel at 
atmospheric pressure, where the dis
solved solutes preCipitated and the super
critical solvent expanded to a gas that 
was vented through a flowmeter to a fume 
hood. 

Pressure 
Gauge 

Vessel Critical·Phase· 
Sampling Valve 

By use of this apparatus, it was found 
that byproduct NH4CI was not completely 
removed from the Si(NHh made by 
ammonolysis of SiCI4. However, when the 
Si(NHh was prepared by ammonolysis of 
Si(SCN)4, the byproduct NH4SCN was 
completely removed by the supercritical 
ammonia, thereby providing the basis for 
the improved synthetic route to Si3N4. 

This work was done by Warren H. 
Philipp of Lewis Research Center and 
Linda Cornell and Y C. Lin of Case 
Western Reserve University. Further in
formation may be found in NASA TM-
102570 [N90-21843}, "Studies on the Use 
of Supercritical Ammonia for Ceramic 
Nitride Synthesis and Fabrication. " 

Copies may be purchased [prepayment 
required} from the National Technical 
Information Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra 
fee by calling (800) 336-4700. 
LEIIV-15397 

Separator 
Vessel 

Liquid· Phase· 
Sampl ing Valve 
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t To Vent 
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This Laboratory Supercritical-Ammonia Extraction Unit was used to extract byproducts from silicon diimide made by ammonolysis. 
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Polybenzimidazoles Via 
Aromatic Nucleophilic 
Displacement 
These polymers exhibit good thermal. 
thermo-oxidative. and chemical stability. 
and high mechanical properties. 
Lang/ey Research Center, Hampton, Virginia 

Soluble polybenzimidazoles (PBI 's) have been synthesized by 
the nucleophilic displacement reaction of di(hydroxyphenyl)
benzimidazole monomers with activated aromatic difluoride com
pounds in the presence of anhydrous potassium carbonate. 
Heretofore, commercial PBI 's were made by condensation reac
tions of aromatic bis(o-diamines) with aromatic diacid derivatives. 
The new synthesis, using benzimidazole monomers, is more eco
nomical, and the new PBI 's can be processed more easily than 
can commercial PBI, without loss of desirable physical properties. 

The glass-transition temperatures (Tg's) of the new PBI's lie in 
the range from 264 °C to 352°C - much lower than those of their 
older commercial counterparts, which exhibit Tg's of about 400°C. 
Because of the lower Tg's, these polymers are more easily com
pression molded than the commercial PBI 's. These newer PBI 's 
are soluble in cold N,N-dimethylacetamide (DMAc), whereas it is 
necessary to apply heat and pressure to dissolve the commercial 
PBI 's in DMAc. The ease of solubility of the newer PBls facilitates 
the formation of thin films - and carbon fiber prepeg. 

The figure illustrates a typical synthesis. In the experiments, 
the leaving groups were F; in principle, they could also be CI or 
N02. The base used in the experiments was pulverized anhydrous 
potassium carbonate; in principle, it could also be sodium car
bonate, potassium hydroxide, or sodium hydroxide. The solvent 
used in the experiments was a mixture of DMAc and toluene; other 
solvents such as N-methylpyrrolidinone, diphenylsulfone, or sul
folane can be used. A wide variety of other monomers, in which X 
and Yare other groups and/or in which the OH subgroups of the 
hydroxyphenyl groups are meta catenated, could also be used. 

This work was done by John W. Connell and Paul M. 
Hergenrother of Langley Research Center and Joseph G. 
Smith of the University of Akron. For further information, write in 
95 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquires 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-14643. 
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Aromatic Nucleophilic Displacement can be used to synthesize 
polybenzimidazoles 
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Computer 
Programs 

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

distnbutes software developed Wlth NASA funding to Industry, other gOllemment 
agencies and academia. 

COSMIC's ",ventory IS updated regular1y; new programs are reported In Tech 
Bnefs.For aclditJonal informatIOn on arrt of the programs described here, wnte '" the 
appropnate TSP number 

ff you don~ find a program in this issue that meets yo.x needs, cal COSMIC cirect
Iy for a free rrNeN of programs in yo.x area of interest You can also pu-chase the amJ

aI COSMIC Software Catalog.contaJrung descnptlOOS and orclenng information for 
aVaJlable software. 

COSMIC is part of NASA's Technology Transfer Network. 

COSMIC® - John A Gibson. Director, 
Phone (706) 542-3265; FAX (706) 542-4807 
The UnIVersity of Georgia. 382 East Broad Street, 
Athens, Georgia 30602 

Computer Programs 
These programs may be obtained at a very reasonable cost from COSMIC, 
a facility sponsored by NASA to make computer programs available to the 
public. For information on program price, size, and availability, write in the ref
erence number on the TSP and COSMIC Request Card in this issue. 

~ Mechanics 

Boundary-Layer Code for 
Supersonic Combustion 
HUD predicts the development 
of boundary layers on two-dimensional 
or axisymmetric bodies. 

HUD is an integral computer code based on the Spaulding-Chi 
method for predicting the development of boundary layers in 
laminar, transitional, and turbulent regions of flows on two-dimen
sional or axisymmetric bodies. This program was developed by use 
of integral-momentum, moment-of-momentum, and energy equa
tions. It can approximate nonequilibrium velocity profiles as well as 
local surface friction in the presence of a pressure gradient. It can 
predict the transfer of heat in a turbulent boundary layer in the 
presence of a high axial presure gradient. It provides for pressure 
gradients both normal and lateral to surfaces. 

Because the program is designed with particular emphasis 
on its applicaJbility to supersonic combustion, real-gas-flow effects 
are included. As a result, HUD can be used to estimate require
ments for cooling scramjet engines. Because of this capability, the 
HUD program has been incorporated into several scramjet-cycle
performance-analysis codes, including SCRAM (ARC-12338) 
and SRGULL (LEW-15093). 

The HUD program is written in FORTRAN 77 and is meant to 
be machine-independent. On an IBM PC-compatible computer 
under PC-DOS, HUD requires 156K of memory. HUD was devel
oped in 1970. 

IBM PC and PC-DOS are registered trademarks of International 
Business Machines, Inc. 

This program was written by S. Z. Pinckney of Langley 
Research Center and J. T. Walton of Lewis Research Center. 
For further information write in 25 on the TSP Request Card. 
L£W-15163 
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Fibre Optic Rotary Joints 
Electrical Slip Rings 
Fluid Rotary Unions 

,,~.o ~ Call us to d;scuss 
_ .... ~. • .... ¢J<:' e" your rotary needs: 
~v <; ~ 

e' ,ioe ... • <f toll free (US) 
~o,c ,,0 . ~~. 1-800-361-2263 

'" ~ 

FOCAL 
Focal Technologies Inc. 
40 Thomhill Drive, Unit 7, 
Dartmouth, ova Scotia, 
Canada 8381S1 
Tel: (902) 468-2263 
Fax: (902) 468-2249 

___ For More Information Write In No. 43L- __ _ 

Visible Laser Diode 
Modules 

Complete system includes: 
SM Laser Diode 
Power Supply 
Optics 

$2OO/slngle piece 

Features: . , 
112 x 2 inches 
Circuit Protection 
Fine Focus (60 tpi) 
Adjustable Optical Output Power 

Power Technalagy Incorporated 
7925 Mabelvale Cutoff, Mabelvale, AR 721 03 

(501) 568-1995 Fax (501) 568-1994 

For More Information Write In No. 438 69 



Computing Incompressible 
Flows With Free Surfaces 
Surface tension at free 
surfaces is replaced by 
a volume force derived 
from a continuum-sur
face-force model. 

RIPPLE is a computer program for mod
eling transient, two-dimensional flows of 
incompressible fluids with surface tension 
on free surfaces of general shape. Free-

surface flows of incompressible fluids are 
integral parts of natural and industrial 
processes. The behavior of a fluid can be 
especially difficult to understand and quan
tify when the free surfaces have apprecia
ble surface tension and arbitrarily compli
cated shapes. 

Examples of such flows can be found in 
nuclear-reactor thermal hydraulics, in
ternal-combustion-engine fuel sprayers, 
ink-jet printers, the application of industri
al surfactants, formation of raindrops, cast
ing and mold filling processes, dynamics 
of drops and bubbles, and cryogenic liquids 
in microgravity. Mathematical modeling 
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of such flows poses a significant chal
lenge because a required boundary condition 
must be applied to a transient, irregular 
surface (the free surface) that is ideally a 
discontinuity. Surface tension frequently 
constrains the accuracy with which the 
resulting boundary conditions are applied in 
numerical models. 

A two-step projection method is used to 
solve for Incompressible flow, with the 
pressure POisson equation solved via a 
robust incomplete Cholesky conjugate
gradient technique. Momentum advection 
is estimated with a technique very similar 
to the weakly monotonic upwind method 
of van Leer. Flow obstacles and curved 
boundaries interior to the computational 
mesh are representable with a partial-cell 
treatment that borrows from two-phase 
flow physics. 

The numerical scheme of RIPPLE is 
based on a finite-difference solution of a 
set of coupled partial differential equa
tions that govem the flow of an incom
pressible fluid. Finite-difference solutions to 
the Navier-Stokes equations of in
compressible flow are obtained on an 
Eulerian, rectilinear mesh in Cartesian or 
cylindrical geometry. Free surfaces are 
represented with volume-of-fluid data on 
the mesh. Surface tension is modeled as a 
volume force derived from the continu
um-surface-force model, which gives RIP
PLE both robustness and accuracy in 
modeling surface-tension effects at the 
free surface. RIPPLE can also model wall 
adhesion effects. 

Documentation for RIPPLE reviews the 
goveming equations, discusses finite-differ
ence conventions, and presents finite-dif
ference expressions used by the software to 
approximate the governing equations. 
Three example RIPPLE calculations are 
presented: (1) breakup of a capillary jet, (2) 
reorientation of a propellant, and (3) tank 
flows induced by an internal jet. These 
examples display the ability of RIPPLE to 
compute a wide variety of incompress
ible flows with free surfaces. The docu
mentation also includes a detailed user's 
manual that should enable a new user to 
compute easily with RIPPLE. 

RIPPLE is written in FORTRAN 77 for 
use with computers running UNIX. RIP
PLE has been successfully compiled and 
executed on a Sun SPARC workstation 
running SunOS 4.1.1. It can be easily port
ed, compiled, and run on virtually any ma
chine with a FORTRAN 77 compiler. As of 
October 1993, RIPPLE has been ported 
and run on other UNIX computing plat
forms such as DEC, VAX, APOLLO, SGI, 
18M, HP, and CRAY. It has also been easi
ly ported to personal computers using, 
for example, the NDP/386 FORTRAN 
compiler by Phar Lap with DOS extender. 
A new X-Windows graphics capability is 

NASA Tech Briefs, May 1994 



available from the author upon request. 
The standard distribution medium for this 
program is a 0.25-in. (6.35-mm) stream
ing-magnetic-tape cartridge in UNIX tar 
format. RIPPLE was developed in 1991. 
Two other distribution media are available: 
(1) 3.5-in. (B.9-cm) floppy disk in either 
UNIX, DOS, or Macintosh format, or (2) 
anonymous ftp directly from the author's 
Sun workstation. 

SunOS and SPARC are registered trade
marks of Sun Microsystems, Inc. 

This program was written by O. Kothe of 
Los Alamos National Laboratory for Lewis 
Research Center. The author can be 
reached at (505) 667-9089 or via e-mail at 
dbk@mizzou.lanl.gov. For further informa
tion, write in 9 on the TSP Request Card. 
LEW-15352 

Estimating Lives of Space 
Shuttle Parts 
Optimizations can be 
performed on a 
probabilistic basis. 

Fracture-mechanics analyses that are 
based partly on the assumption of worst
case conditions in defining life-controlling 
parameters often result in underestimates 
of the lives of crit ical structural compo
nents of the Space Shuttle main engine. In 
reality, the probability of occurrence for any 
individual worst -case condition is low, and 
the probability of a combination of worst
case conditions is infinitesimal. Thus, com
ponents designed according to such an 
analysiS tend to be used inefficiently and/or 
to have excessive weight, with consequent 
reduction in payload capacity and increase 
in the cost of operations. The SSPOC 
(Space Shuttle Probabilistic Optimization 
Code) computer program, which imple
ments a probabilist ic mathematical model, 
accepts defined distributions of the para
meters that control the life of the Space 
Shuttle main engine. SSPOC can be used to 
perform tradeoff studies to optimize .be
tween service life and an acceptable level 
of risk, with accuracy greater than has 
been available unt il now. 

SSPOC draws upon the central idea of 
statistics; that the behavior of a large group 
can be inferred from the behavior of a small 
sample of its members. By sampling the 
normal, lognormal, Weibull , bivariate, and 
beta statistical distributions of life-control
ling parameters, SSPOC computes rates 
of occurrence of significant events. Such an 
event occurs, for example, when a defec
tive part mistakenly passes inspection, when 
a part is replaced, or when a part is re
jected in a more-stringent inspection. The 
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output of SSPOC also includes the prob
ability of removal and failure of parts, along 
with the number of surviving parts for each 
interval of inspections. A final table pro
vides a summary for all locations over all 
intervals, and it can be used to detect over
all, large-scale trends or to compare dif
ferent design configurations. 

SSPOC is written in FORTRAN 77, and 
its user interface is written in PASCAL. 
The user interface can be implemented 
only on an IBM PC-compatible (AT or bet
ter) computer and requires TURBO PAS
CAL 5.0 or higher. SSPOC was devel
oped by use of Microsoft FORTRAN but 

can be successfully implemented under 
other FORTRAN compilers that support 
Namelist input. The FORTRAN code has 
been successfully implemented on DEC 
VAX-series computers running VMS. The 
program is available on a 5.25-in. (13.34-
cm), 360 K MS-DOS-format diskette 
(standard distribution medium) or in DEC 
VAX BACKUP format on a 9-track, 1,600-
bit/in. (630-bit/cm) magnetic tape or a 
TK50 tape cartridge. The program source 
code, executable code, and data files are 
compressed by use of the PKWARE 
archiving tools. The utility software to unar
chive the files, PKUNZIP.EXE, is included. 

Provides all your C programming needs from 
numerical analysis to data visualization. 

IAtSL· C Numerical Libraries 
• Mathematical functions range from 

linear systems to optimization. 

• Statistical functions range from 
analysis of variance to time series 
analYSis and forecasting. 

Exponent Graphics for C 
• Interactive graphics library 

produces over 30 different 
scientific and business plots in 
20 and 3~ . 

• Built-in GUI allows you to quickly 
modify plots, access your data, 
prototype results and perform 
''what if" analysis. 

And now 
Exponent Graphics for X ... 
• Plot widget library designed 

specifically for the OSF/Motif 
application developer. 

FORTRAN and C application 
lW"'] development tools from 

~Visual NumericS" 
Houston · Boulder · London· Paris' Stuttgart · Tokyo 

For more information or for a 30-day free trial , call: 

1·800·364·8880 or (713) 954·6785 fax (713) 781·9260 
International inquiries wi ll be forwarded to ou r subsidiari es. 

Supported on Sun Microsystems, Silicon Graphics, IBM'. Hewlett-Packard", and Digital Equipment computing platforms. 

IMSL and Exponent Graphics are trademarks of Visual Numerics, Inc. 
All other brand or product names are trademarks of their respective owners. AD9466 

For More Information Write In No. 416 71 



SSPOC was developed in 1989. 
IBM PC is a registered trademark of 

Intemational Business Machines. TURBO 
PASCAL is a registered trademark of 
Borland Intemational, Inc. Microsoft is a 
registered trademark of Microsoft Corp. 
DEC and V f.X. are trademarks of Digital 
Equipment Corp. 

This program was written by Tommie 
Wathns, Jr., and Chuck G. Annis of United 
Technologies Corp. for Marshall Space 
Flight Center. For further information, 
write in 65 on the TSP Request Card. 
MFS-28647 

• Physical Sciences 

Program Supplies 
Properties of 
Parahydrogen 
Thermodynamic and 
transport properties 
are interpolated from 
data-base entries. 
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The National Bureau of Standards Para
hydrogen Properties Database (NBS+ _PH2) 
computer program was developed to 
provide selected thermal and transport 
properties of parahydrogen that match 
the 1981 parahydrogen data of the Na
tional Bureau of Standards (now called 
the National Institute of Standards and 
Technology) . The program was creat
ed to be linked with propulsion-simula
tion programs, which require a mathe
matical model of parahydrogen that can 
cover a wide range of pressures and 
temperatures. NBS+ _PH2 can provide 
data on parahydrogen for pressures from 
10 kPa to 16 MPa and temperatures 
from 20 to 104 K. 

NBS+ _PH2 is set up as a single FOR
TRAN subroutine. When pressure and 
temperature or enthalpy are sent to it 
through the FORTRAN call statement, 
the thermodynamic and transport prop
erties at the given conditions are returned 
to the calling program. Linear interpola
tion is used to calculate between data
base entries when necessary. NBS+ _PH2 
can provide the following properties of 
parahydrogen: density, thermal conduc
tivity, viscosity, Prandtl number, enthalpy, 
specific heat, and speed of sound. 

NBS+ _PH2 is a data-base program 
written in FORTRAN 77 and is designed to 
be machine-independent. Although a 
user-interactive test program for gain
ing access to NBS+ _PH2 is provided in 
the distribution package, NBS+ _PH2 is 
intended to be linked with simulation 
programs. The data base and interac
tive test program have been used suc
cessfully on a Sun4-series computer 
running UNIX, an IBM PC-series com
patible computer running MS-DOS (using 
Lahey F77L), and a DEC VAX computer 
running VMS. The standard distribution 
medium for this program is a 5.25-in. 
(13.34-cml, 360K MS-DOS format disk
ette. The contents of this diskette are 
compressed with the PKZIP archiving 
tools. The program to uncompress the 
files, PKUNZIP.EXE, is included on the 
diskette. A sample MS-DOS executable 
code is provided. NBS+ _PH2 is also 
available on a 0.25-in. (6.35-mm) stream
ing-magnetic-tape cartridge in UNIX tar 
format and a 9-track, 1,600-bit/in. (630-
bit/cm) magnetic tape in DEC FILES-11 
format. Documentation is included in the 
price of the program. NB+ _PH2 was 
developed in 1992. 

UNIX is a trademark of AT&T Bell 
Laboratories. IBM PC is a trademark of 
International Business Machines Corp. 
MS-DOS is a registered trademark of 
Microsoft Corp. F77L is a registered 
trademark of Lahey Computer Systems, 
Inc. DEC VAX is a trademark of Digital 
Equipment Corp . PKZIP and PKUNZIP 
are trademarks of PKWare, Inc. 
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This program was written by J. T. Walton of Lewis Research 
Center. For further information, write in 20 on the TSP Request 
Card. 
LEW-15505 

Computing Thermal Imbalance Forces 
on Satellites 
HEAT.PRO computes momentum fluxes 
associated with thermal radiation. 

The HEAT.PRO computer program calculates the imbalance 
force caused by heating of the surfaces of a satellite. The heat
ed body of satellite reradiates energy at a rate that increases with its 
temperature, losing the energy in the form of photons. By con
servation of momentum, the flux of momentum carried out of the 
body by the photons creates a reaction force against the radiating 
surface, and the net thermal force can be observed as a small 
perturbation that affects long-term orbital behavior of the satel
lite. HEAT.PRO calculates this thermal imbalance force and 
then determines its effects on the orbit of the satellite, especially 
where the shadow cast by the Earth causes periodic changes in the 
thermal environment around the satellite. 

HEAT.PRO implements a finite-element routine called PDE2D, 
which incorporates properties of materials, to determine the 
temperatures at the surfaces of a solar panel. The nodal tem
peratures in the finite-element mathematical model are computed 
at specified time steps and are used to determine the magnitude 
and direction of the thermal force on the spacecraft. These cal
culations are based on the orientation of the solar panel and the po
sition of the satellite with respect to the Earth and Sun. It is neces
sary to have accurate, current knowledge of surface emissivities, 
thermal conductivities, heat capacities, and densities of materials. 
These parameters, which can change because of degradation of 
materials in the outer-space environment, influence the nodal 
temperatures that are computed and thus the calculated thermal 
imbalance forces. 

HEAT.PRO was written in FORTRAN 77 for Cray-series com
puters running UNICOS. The source code contains directives for, 
and is used as, input to the required partial-differential-equation
solving routine, PDE2D (available from IMSL, Inc. Houston, 
Texas). HEAT.PRO is available on a 9-track, 1,600-bit/ln. (630-
bit/cm) magnetic tape in Unix tar format (standard distribution 
medium) or a 0.25-in. (6.35-cm) streaming-mag netic-tape car
tridge in Unix tar format. HEAT.PRO was developed in 1991. 

Cray and UNICOS are registered trademarks of Cray Research, 
Inc. Unix is a trademark of AT&T Bell Laboratories. PDE2D is a 
trademark of IMSL, Inc. 

This program was written by Yvonne Vigue, Robert E. Schutz, 
Granville Sewell, and Pothai A. M. Abusali of Caftech for NASA's 
Jet Propulsion Laboratory. For further information, write in 63 
on the TSP Request Card. 
NPO-18665 

NASA's Report 
SPINOFF 

If you are interested to find out how NASA technology 
has been applied by private industry and resulted in the 

development of commercially available products or 
services, you may wish to request a copy of this report 

by writing in #510 
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IF YOU CAN SEE IT, 
YOU CAN SOLVE ITI 

Call now to 
order your 
free case 
studies 
pamphlet. 

If you work with ultra-fast-moving objects, you're 
well aware of the challenge: To solve a problem, 
you must first be able to see it. 

That's where a motion analysis system can help. 
By recording images at up to 40,500 digital pictures 
per second, then playing them back in slow motion, 
motion analysis allows you to study events that happen 
too fast for the eye to see. So you can spend less time 
making guesses and more time solving the problem. 

To receive our free motion analysis case studies 
pamphlet, call 1-800-462-4307, extension 411, or 
fax us at 619-481-9142. 
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Mechariics 

Automatically Locking/Unlocking Orthotic Knee Joint 
This joint would be safer and easier to use than conventional orthotic knee joints are. 
Marshall Space Flight Center, Alabama 

A proposed orthotic knee joint would 
lock and unlock automatical ly, at any po
sition within a range of bend angles, w~hout 
manual intervention by the wearer. In con
trast, a strap-on orthotic knee joint of the 
type in current use must be extended fully 
(that is, unbent completely) before it locks 
in place automatically: If, for any reason, 
the wearer fails to achieve full extension 
before applying weight, to the jOint, the 
wearer could then fall. Furthermore, once 
the joint becomes locked, the wearer 
must unlock it manually before the knee 
can be bent again . This combination of 
features makes extension and flexion a 
cumbersome process and can discourage 
therapeutic exercise. 

A joint of the type in current use is basi
cally a tang-and-clevis jOint equipped with a 
locking device that snaps in at full exten
sion. The proposed joint would also include 
a tang and clevis, but it would lock when
ever the wearer transferred weight to the 
knee and would unlock when the weight 
was removed. Locking could occur at any 
angle between a 450 knee bend and full 
extension. 

In the proposed joint (see figure), an 
elastomeric O-ring or other doughnut
shaped spring would be placed between 
a pivot bolt of the jOint and the tang. (A 
polytetrafluoroethylene sleeve between 
the bolt and the spring would reduce fric
tion.) The spring would deflect when the 
wearer applied weight to the joint, so that 
the tang would move down a short dis
tance within the clevis . 

Th is relative motion wou ld activate a 
friction lock by driving two brass wedges 

Tang 

Orthotic { 
Knee 
JoInt 

Upper 
Strut 

SIDE VIEW WITH CLEVIS REMOVED, 
SHOWING TANG MOUNTED ON SECTIONED PIVOT BOLT 

___ -!.. __ Upper 

This Mechanism 
Would Lock when 
the wearer's weight 
drove friction 
wedges into the V
groove defined by 
the right and left 
sides of the clevis. 
The mechanism 
wou ld unlock when 
the weight was 
removed and the 
elastomeric spring 
forced the wedges 
out of the groove. 

lower 
Strut 

Strut 

Bend 

VIEW FROM FRONT VI EW FROM WEARER'S LEFT 

on the tang into a hard , radially serrated V
groove in the sides of the clevis. This 
would bind the joint so that the joint could 
take the load without folding. When the 
wearer removed the load, the spring 
would force the wedges up and out of 
the V-groove, and the jOint would again be 
free to rotate. 

This work was done by Bruce 
Weddendorf of Marshall Space Flight 

Center. For further information, write in 
37 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, Marshall Space Flight Center [see 
page 20j. Refer to MFS-28633. 

Estimating Sinusoidal Pressure Waves in a Pump Volute 
Sinusoidal fluctuations of pressure, which could excite structural resonances, 
are represented in closed form . 
Marshall Space Flight Center, Alabama 

A closed-form equation approximates 
the principal traveling-wave sinusoidal com
ponents of the fluctuations of pressure in 
the volute of a centrifugal pump (see fig-

74 

ure). The equation has been incorporated 
into the Blade Vane Interaction Code 
(BVIC) computer program, which produces 
estimates for various pump speeds and 

various locations in the volute. The princi
pal intended use of BVIC is in analYSis of 
undesired interactions between the pres
sure field and the pump structure: If the 
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shape and frequency of any of the travel
ing-wave components computed by BVIC 
match the shape and frequency of a vibra
tional mode of the pump-discharge struc
ture, then a severe resonance could occur 
and the pump could be damaged as a 
result. 

The closed-form equation is derived 
from a simplified mathematical model of 
the generation and propagation of the 
pressure waves and of the geometry of 
the volute. The fluctuations of pressure 
are assumed to be sound waves (pres
sure waves) that are created when the 
wakes shed by the impeller blades im
pinge on the leading edges of the dif
fuser vanes. The volute is represented 
as a one-dimensional pipe, in which 
sound waves from all the diffuser vanes 
are added. 

The pressure wave contained in the 
wakes is approximated as a traveling 
sinusoidal wave with an adjustable am
plitude A. The interaction between this 
wave and the vanes is represented as a 
sinusoidal modulation of amplitude B, 
and the interaction regions around the 
vanes are taken to be smeared out, with 
interaction strengths as sinusoidal func- 1 

tions of position. With these approxima
tions, the sound-source-density equa
tions are easily combined and integrated 
along the volute to obtain the closed
form expression for the total pressure 
wave at a given addition or measure
ment location in the volute. This expres
sion can be modified, if desired, by an 
exponential attenuation function of angu
lar location that accounts for the effect of 
the gap (if any) between the first diffuser 
vane and the cutwater of the volute 
structure. The attenuation parameter (k), 
along with the amplitude and modula
tion parameters A and B respectively, 
can be determined by fitting computed 
relative pressure fluctuations to mea
sured pressure fluctuations. 

The expression represents five travel
ing-wave components, as follows: 
1. A pressure wave of m lobes and fre

quency mQ where m is the number of 
impeller blades and Q is the frequency 
of rotation of the impeller. This wave 
travels forward at the speed of rota
tion ; it is caused by the passing of 
impeller-blade wakes and would be 
present even if there were no diffuser 
vanes or cutwater. 

2. A pressure wave of m + n lobes that 
travels forward at m(m + n) times the 
speed of rotation. It is caused by the 
modulation, by the n diffuser vanes, of 
the pressure wave described above. 
This wave is a manifestation of blade/ 
vane interaction. This wave and the 
next one would not be present in a 
vaneless diffuser. 

Incremental 

Measurement 
andlor 

Computation 
Point at 8 

Centerline of Volute 
(at Points Along Which 

Fluctuations of Pressure 
Are To Be Computed) 

This Typical Centrifugal-Pump Volute is 
shown in simplified form to illustrate some 
geometric features relevant to the computa
tion of sinusoidal fluctuations of pressure. 

3. A pressure wave of n - m lobes that 
travels at m/(n - m) times the speed 
of rotation . The direction of travel 
depends on nand m. This wave is al
so caused by blade/vane interaction. 

4. An acoustic wave that travels forward 
through the volute. The wavelength 
corresponds to that of sound at fre
quency mQ. The sound is caused by 
the impingement of the impeller-blade 
wakes either on the cutwater or on the 
leading edges of the diffuser vanes. 
This wave and the next one would be 
present even in a vaneless diffuser: 
the only requirement is that there be 
one or more stationary surface(s) in 
the pump upon which the impeller
blade wakes can impinge and thereby 
create sound. 

5. An acoustic wave that travels back
ward through the volute. The wave
length corresponds to that of sound of 
frequency mQ. This wave is also 
caused by the impingement of the 
impeller-blade wakes on the leading 
edges of the diffuser vanes. 
At certain critical pump speeds, some of 

these component waves interfere con
structively in the volute, causing the sum 
wave to pick up energy as it travels along 
the volute. This effect is represented in 
the closed-form expression by terms with 
denominators that approach zero near 
the critical speeds. 

This work was done by Roland J . 
Szabo and Juliet T. Chon of Rockwell 
International Corp. for Marshall Space 
Flight Center. For further information, 
write in 36 on the TSP Request Card. 
MFS-29884 
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Analyzing Acoustic Propagation in a Pump Diffuserand Volute 
Reflections from impedance mismatches are taken into account. 

Marshall Space Flight Center, Alabama 

A theory and computer codes have 
been developed for use in analyzing the 
propagation of the sinusoidal compo
nents of fluctuations of pressure (that is, 
acoustic waves) through the fluid in the dif
fuser and in the volute or discharge duct of 
a centrifugal pump. Such an analysis of 
propagation and the resultant fluctua
tions of pressure is an important part of an 
analysis of the fluid-bome contributions 
to stresses on the volute housing, the 
volute liner, and/or the discharge duct. 

The mathematical model propagation 
and associated postprocessing routines 
are implemented in the computer codes, 
which are denoted collectively as "FLAPR
PUMP" and which include an updated 
version of the previously developed FLAPR 
computer code. In FLAPR, the propaga
tion medium is represented as a concate
nation of elementary volumes or elements, 
each characterized by a constant cross
sectional area, speed or sound, and den
sity of fluid . The sound waves are 
assumed to propagate in only one dimen
sion - along the elements. The acoustic 
impedance of each element is computed 
from its cross-sectional area and its resis
tance to flow. The partial transmission and 
partial reflection of waves at each interface 
between adjacent elements are computed 
in terms of the mismatch between the 
acoustic impedances of the elements. The 
contributions of all of the waves at a given 
point in the model are superimposed to 
obtain a history of pressure and velocity at 
that point. Phenomena that can be mathe
matically modeled in this way include the 
effects of the taper in the cross section of 
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13 Diffuser Vanes 
24 Impeller Blades 
Speed of Rotation = 
36,000 rpm 

200 300 

Angular Position Along Volute, 
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The Amplitude of Fluctuating Pressure at 
the 12th harmonic of the rotational speed of a 
centrifugal pump, as a function of position 
along the volute, was picked out of the com
puted spectrum. 
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the volute, acoustic resonances of the duct, 
and complete details of the transmission 
and interaction of the many sound waves 
present. 

The first part of the mathematical model
ing process involves determination of the 
order in which the blades of the rotating 
impeller pass by the vanes of the station
ary diffuser; this establishes the phases 

of the sinusoidal components of sound 
that are propagated into the volute. Sin
usoidal pressure waves with these phases 
are used as boundary conditions at the 
input nodes of the mathematical model, 
which are those nodes that represent the 
entrances to the passages between the 
diffuser vanes. 

The updated FLAPR computes the 
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transmissions, reflections, and superpositions as indicated above, 
yielding a time-domain solution at each node in the model. For 
those nodes that lie in the discharge duct, the time-domain 
results are fast-Fourier-transformed into the frequency domain by 
use of the FFT AUTO computer code, which gives amplitudes and 
phases at each node over a frequency spectrum. Then the 
PICKPTS computer code is run to compile a list of the amplitudes 
and phases at each node for only the frequencies of interest, 
which are harmonics of the speed of rotation of the pump (see fig
ure). Because the nodes of the mathematical model are placed in 
the volute at locations Where measurements have been taken, 
and/or these nodes are input forCing nodes of a mathematical 
model of the dynamics of the pump structure, the results of these 
computations are ready for direct comparison with the mea
surements and/or for use as forcing functions. 

This work was done by Juliet T. Chon and Roland J . Szabo of 
Rockwellintemational Corp. for Marshall Space Flight Center. 
For further information, write in 35 on the TSP Request Card. 
MFS-29885 

Viewport Wiper 
This mechanism helps maintain a clear view 

of a vacuum plasma spray. 

Marshall Space Flight Center, Alabama 

A wiper mechanism has been devised to remove accumu
lated powder from the viewport of a vacuum-plasma-spraying 
chamber. The deposition of powder on the viewport is an 
undesired side effect of vacuum plasma spraying: the powder 
must be wiped off the viewport from time to time to maintain 
the clear view that is necessary for monitoring the vacuum
plasma-spraying process. 

The major part of the wiper mechanism is a wiper-arm 
assembly (see figure) . The wiper is a replaceable cloth strip at
tached to a rectangular bar (on the right side in the figure). The 
left (in the figure) end of the wiper-arm assembly is attached to 
a vacuum-tight motion-feedthrough jOint that is mounted on the 
wall of the chamber. The wiper is operated manually by use of 
this joint. 

This work was done by William M. Davis, Ronald L. Daniel, Jr., 
and Christopher A. Power of Rockwell In tema tional Corp. for 
Marshall Space Flight Center. For further information, write 
in 34 on the TSP Request Card. 
MFS-29898 
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(a Cloth Strip) 

This Surface 
Pushes Wiper 
Against Wiped 
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This Wiper-Arm Assembly is actuated manually to remove accumulated 
powder from the vacuum side of the viewport. 
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Pressure Seal for Frequently 
Opened Hatch 
Improvements include more-secure mounting, redundancy, 
and better initial sealing action. 
Lyndon B. Johnson Space Center, Houston, Texas 

A pressure-assisted seal for a frequently 
opened hatch includes two sealing rings 
that are retained positively so that they 
are not pulled out during opening. The 
seal makes contact with the hatch well 
before the hatch starts to squeeze the 
rings; this feature extends the distance 
over which the seal becomes engaged. 

The two sealing rings are retained in 
slots of T-shaped cross section (see fig
ure). Entry points are provided on the slots 
so that the rings can be fed in. Once 
inserted, the rings are held securely. Each 
ring can be removed by first using a tool to 
pry it out at the entry point, grasping the 
protruding end, and pulling the rest out by 
hand. 

The bottom (in the figure) surfaces of 
the rings are made concave to increase 

High
Pressure 

Side 

the precompression travel during closure; 
this helps to close gaps caused by 
warpage or machining irregularities. One of 
the rings includes a lip that extends out
ward for 0.125 in. (3.2 mm). The lip also 
helps to compensate for warpage, mis
alignment, and other imperfections in the 
sealing surfaces. It also minimizes the loss 
of gas during closure by deflecting inward 
and closing the gap. This action also helps 
the differential pressure force the hatch 
closed. 

This work was done by Steven E. 
Kennedy and Joel M. Kramer of 
McDonnell Douglas for Johnson Space 
Center. For further information, write in 
38 on the TSP Request Card. 
MSC-22055 
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Dual Elastomeric 
Rings provide 
redundant seal
ing. The lip on the 
outer sealing ring 
forms a pressure
assisted com
pound seal. A 
coextruded cord 
in each sealing 
ring helps keep 
the length of the 
ring constant. 

Safety Harness for Work Under 
Suspended Load 
Positive action protects against a heavy falling object. 
Marshall Space Flight Center, Alabama 

A safety device protects a worker under 
a suspended engine or other heavy load. 
The device (see figure) is mechanically 
linked with the load so that if the load 
should fall, the worker would be yanked 
safely away. 

The worker wears a chest-plate vest 
with straps that cross at an eye on the 
back. A lower safety cable connected 

to the eye extends horizontally away from 
the worker to a nearby wall , where it is 
wrapped on a pulley and extends up
ward to a motion amplifier or reducer (if 
needed), which is shown here as a ca
ble-and-pulleyassembly. 

An upper safety cable extends upward 
from the top of the motion amplifier, be
comes horizontal between a pair of pul-
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leys on an I-beam, then passes down
ward to its connection to the load. 

Any downward motion of the load is 
passed to the upper safety cable, the mo
tion of which is modified by the motion 
amplifier or reducer. The modified motion is 
passed onto the lower safety cable, which 
is thus made to pull the worker quickly 

Hinge 

Upper 
Safety 
Cable 

Motion 
Amplif ier 

or Reducer 

Lower 
Safety __ ,-" 

Cable 

, .. 

out of danger. A net catches the worker, 
preventing the worker from bumping 
against the wall. 

This work was done by Su Young 
Sunoo of Rockwell Intemational Corp. for 
Marshall Space Flight Center. For fur
ther information, write in 40 on the TSP 
Request Card. MFS-29893 
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Safety Cables 
transform any 
sudden down
ward motion of 
the overhanging 
load into rapid 
sideways 
motion of the 
worker. 

Modular Cooling Components 
Simple mechanical connections facilitate assembly 
and disassembly. 
Lyndon B. Johnson Space Center, Houston, Texas 

Three modular heat-transfer com
ponents have been designed for use to
gether or separately. Simple mechan
ical connections faci litate the assembly of 
these and related heat-transfer compo
nents into cooling systems of various con
figurations - for example, to cool lab
oratory equipment that is rearranged for 
different experiments. 

The three components are a clamp-on 
cold plate, a cold plate attached to a ftex
ible heat pipe, and a thermal-bus recep
tacle. The clamp-on cold plate (see figure) 
can be moved to any convenient location 
for attachment of the equipment to be 
cooled by it, then clamped onto a thermal 
bus (a pipe carrying Circulating coolant 
fluid). The heat from the equipment is con-
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ducted through the plate and into the 
coolant. 

The thermal-bus receptacle is integral 
with a thermal bus. It includes the part of 
the thermal bus to which a clamp-on cold 
plate can be attached , plus a tapered 
socket into which the condenser end of 
the flexible heat pipe can be plugged. 
The thermal-bus receptacle includes a 

Thermal 
Bus 

Cold Plate 

Two Parts of 1 Clamp-on 

heat-pipe wick structure that uses the 
coolant in the bus to enhance the trans
fer of heat from the cold plate. 

Uke the clamp-on cold plate, the cold 
plate attached to the flexible heat pipe 
can be fitted, at a convenient location, 
with the equipment to be cooled, then 
placed near the thermal-bus recepta
cle. The condenser end of the heat pipe 

Condenser End of 
Flexible Heat Pipe 
Plugged I nto Socket 
on Thermal-Bus 
Receptacle 

Coolant 
In 

is a tapered plug and is inserted in the 
socket of the receptacle. 

This work was done by G. Yale East
man, Peter M. Dussinger, and John R. 
Hartenstine of Thermacore, Inc. , for John
son Space Center. For further informa
tion, write in 64 on the TSP Request 
Card. 
MSC-27495 
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Machinery 

Partly Loading a Disengaged Ball Bearing To Reduce Wear 
Leakage would be redirected to apply the requisite load. 
Marshall Space Flight Center, Alabama 

A ball bearing that carries transient axial 
loads at the beginning and end of opera
tion of a turbopump would be modified 
to reduce wear during normal steady oper
ation, according to a proposal. During nor
mal steady operation (after startup and 
before shutdown), the discharge pressure 
of the pump is sufficient to cause hydraulic 
liftoff in other bearings, which then carry 
radial and axial loads. Even though this 
bearing is nominally disengaged or unloaded 
during steady operation, it is nevertheless 
subject to considerable wear, as explained 
below; this fact motivates the proposed 
modification. 

During the startup and shutdown tran
sients, when the discharge pressure is in
sufficient for hydraulic liftoff in other bearings, 
the balls in the transient-axial-Ioad bearing 
are loaded by normal contact through the 
races (see left side of Figure 1). During 

.~Normal 
/ Load 

Path 
NORMAL CONTACT: LOAD THROUGH 

RACES ONLY 
ABNORMAL CONTACT: LOAD THROUGH 

CAGE TO RACES 

Figure 1. Abnormal Contact and swirling flow during high-speed operation (when the bearing 
is nominally disengaged) give rise to rapid wear. 
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units deSigned for moderate environments, to ruggedized equipment for airborne, shipboard 

and mobile applications. Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 

generators, tape search units, digital clocks and displays. A host of options 
enables the designer to maintain cost effectiveness while achieving 

optimum system configuration. 

We also design and manufacture complete range timing systems to 
customer specifications. 

For more information or applications assistance, call or write. 

Datum Inc 
Timing Division 

1363 S. State College Blvd .• Anaheim. CA 92806-5790 

(714) 533-6333 1-800-938-3286 
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Shaft 

Centerline 01 Shaft 

Figure 2. The Modified Bearing would be forced into normal contact 
by the flow of pumped fluid during high-speed operation. 

steady high-speed operation, the balls are not loaded normally by 
the races, and the leakage flow of pumped fluid swirls around the 
balls in the cage pockets, making the balls spin rapidly. At the 
same time, the differential pressure across the cage pushes the 
cage downstream against the balls, forCing the balls into abnor
mal contact with the races and cage (see right side of Figure 1). 
Under this condition, the balls cannot roll in the normal manner. 
The resultant skidding at the contacts causes rapid wear of the 
balls and raceways. 

The proposed modification is intended to reduce the influence of 
the fluid in making the balls spin and to apply enough axial load to 
ensure normal rolling contact with the races. The three main 
features of the modified design (see Figure 2) would be (1) a 
narrow-gap clearance (labyrinth) seal between the shaft and the 
inner race, (2) a narrow-gap clearance seal between the inner and 
outer races, and (3) an extension of the inner race to enlarge its 
upstream-facing area. 

The enlarged upstream-facing area of the inner race would 
function partly as a piston, which would act in conjunction with the 
clearance seals. The upstream-to-downstream differential pres
sure on the piston would exert an axial load through the normal 
bearing load path. The resultant normal rolling contact WOUld, in 
itself, reduce wear; it would also provide additional frictional torque 
that would counteract the flow-generated torque on the balls, 
thereby reducing wear further by reducing the speed of spin. 

This work was done by Myles F. Butner of Rockwell International 
Corp. for Marshall Space Flight Center. For further information 
write in 53 on the TSP Request Card. 

Inquiries conceming rights for the commercial use of this inven
tion should be addressed to the Patent Counsel, Marshall Space 
Flight Center (see page 20). Refer to MFS-29874. 
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Tech Brief indexes in hard copy format at a very 
reasonable cost. For more information write in 
number 513. 
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New High Flow Couplings~ • Chemically resistant 
for plastic tubing have a polypropylene 
full 3/8" flow in a compact • High Dow volume 
body. Replace expensive, • Shutoff valves 
bulky, heavy brass and 
stainless steel couplings • In line, pipe thread, 
with CPC's smaller, lighter and panel mount for 
HFC Series couplings. 3/8" &112" ID tubing 

Send for free HFC brochure and complete catalog. 

cPC. COLDER PRODUCTS CO. 
1001 Westgate Drive · Sl. Paul, MN 55114· Phone 612-645-0091 

Fax 612-645-5404 · Call Toll Free 1-800-444-2474 
For More Information Write In No. 433 

I.=:==:----"-=..:. 

MAINTAIN YOlJR COOL! 
let Barnstead cartridges maintain your cooling loop. The 
presence of ions, organics and oxygen can severely hamper 
the ability of your COOling S)'8Iem cool your laser 
tube. Barnstead has a holders Chat 
will increase the life of 
your cool. 

CAUNOWFOR 
INFORMATION: 
1-800-446-6060. 

For More Information Write In No. 434 87 



GPIB 
Survival 

Kit 

All the Tools You 
Need for GPIB. 

• PCMCIA, ISA, EISA, serial, and 
parallel controller solutions 

• Industry-standard NI-488.2N 
software for DOS and Windows 

• TNT4882CN ASIC reduces software 
overhead and handles high-speed 
transfers 

• Libraries fo r popular languages 
like Microsoft Visual Basic for 
Windows, C, and others 

• Free GPIB software debugging 
utilities fo r DOS and Windows 
applications 

• Application examples with 
sample programs that illustrate 
time-saving "how-to" techniques 

• Program portability to today's 
a nd future computer platforms 

For a FREE GPIB 
brochure, call 
(800) 433-3488 
(U.S. and Canada) 

" NATIONAL 
, ~~~r!!y~!~!~ 

6504 Bridge Point Pky 
Austin, TX 78730-5039 
Tel: (512) 794-0100 

95 (800) 010 0793 
(Mexico) 

Fax: (512) 794-8411 

Branch Offices: 
Australia 03 879 9422 • Austria 0662 435986 
Belgium 02 757 00 20 · Canada 519 622 9310 
Denmark 45 7626 00 • Finland 90 527 2321 
France 1 4865 33 70 • Germany 089 714 50 93 
Italy 02 48301892 ' Japan 0337881921 
Netherlands 03480 33466 • Norway 32 848400 
Spoin 91 6400085 • Sweden 08 73049 70 
Switzerland 056 27 00 20 • U.K. 0635 523545 

o Copyright 1994 National Instruments Corporation. 
All lights reserved. Product and company names listed are 
trademarks or trade names of their respective companies. 

For More Information Write In No. 406 

• 
Fabrication 
Technology 

"E" Heating Head 
Two separate areas can be heated inductively for adhesive 
bonding in a single operation. 
Langley Research Center, Hampton, Virginia 

The "E" heating head has been developed 
to satiSfy the need for a fast-acting and reli
able induction heating device that is light
weight, portable, and easy to use in aero
space and military adhesive- bonding 
applications. In some applications - for 
example, in attaching "high-hat" stiffeners 
to aircraft panels - two separate bondlines 
must be heated concurrently. Previously, two 
separate heating heads were needed in such 
an operation. The "E" heating head induc
tively heats two separate areas (spots or 
seams) in a single operation. 

The "E" heating head incorporates the 
principles and circuitry of the toroid joining 
gun, which can concentrate heat in a single 
local area through induction heating. The 
width and length of the "E" heating head 
can be configured to provide variously sized 
heat zones, depending on bonding require
ments; for example, the figure shows an "E" 
heating head that has a 3 by 4.5-in. (7.26 by 
11.43-cm) face. 

TI'e "E' h:ath;:l t-m:l cx:-f'Ssts of a 1ai< drcuit 
and an "E' -shaped ferrite pole piErn (rnagnetK; 
core). TI'e tank drcuit irdudes a capacitor and 
an inductor coil. TI'e irdLdcr crl Vvirds ara.rd 
the middle leg of the "E" core. 

When an alternating current passes 
through the coil, an attemating magnetic flux is 
generated inside and around the coil. The 
flux is conveyed to the core, which focuses 
the magnetic flux to the two areas between 
the middle leg and two outer legs. When a 
conducting material (susceptor) is placed in 
the altemating magnetic field thus created, 

induced currents (cr eddy currents) drcuiate 
in the susceptor, producing heat. When the 
panel or stiffener is a magnetic material, it is 
the susceptor. When both the panel and 
stiffener are nonmagnetic mataials, a rnagleIK:: 
susceptor is positioned in the bond surface; 
heat is generated in the susceptor, and the 
adhesive in the bond is cured by the heat. 

The "En heating head is housed in a com
pact, portable container made of Bakelite~ 
plastic that includes a handle, a power 
switch, and a power-input receptacle. When 
the "E" heating head is connected to an 
Inductron Corp. Torobonder T-1000 power 
supply, approximately 725 W of power are 
produced in the tank circuit. Resulting eddy 
currents generate suffident heat to cure dual 
adhesive txn:i areas (spots cr SS3lTlS) rapdIy in 
a single operation. 

The lightweight, portable "En heating head 
provides rapid, reliable heating of dual areas 
in any environment. It is well suited for flight
line and depot maintenance, and battlefield 
repair. Additionally, it may be useful in auto
motive assembly lines, inasmuch as "high
hat" stiffeners are used to strengthen auto
mobile panels. 

This work was done by Robert L. Fox, 
Robert J. Swaim, and Samuel O. John
son of Langley Research Center and 
Robert H. Coultrip, W. Morris Phil/ips, and 
Carl E. Copeland of Inductron Corp. No 
further documentation is available. 

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

Dual Seams of a 
"High-Haf Stiffener 
are bonded in one 
operation. 
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clusive license for its commercial development should be 
addressed to the Patent Counsel, Langley Research Center [see 
page 20]. Refer to LAR-14429. 

Tank Made of Connected 
Cooling Fins 
With inside welding, fins can be longer and 
more closely spaced. 
Lewis Research Center, Cleveland, Ohio 

A new method of fabricating a fin-cooled tank requires half as 
many arc-welding passes as does the previOUS method and features 
more efficient transfer of heat. In the new method, the fins are inte
gral parts of the tank structure. 

Previously, to make such a tank, fins were individually welded to 
a plate that had been rolled into a cylinder. To assure the thermal 
continuity of each fin-attachment joint, this required a welding pass 
on each side of each fin at its root - a difficult procedure with long, 
closely spaced fins. 

The new method requires only one welding pass per fin, and the 
pass is done on the unobstructed inside of the tank. Long L
shaped fin members are joined by welding the tip of the foot on each 
L to the bend of the adjacent L (see figure). The last fin member is 
joined to the first fin member to form a cylinder. The feet of the L's 
thus constitute the wall of the tank, and the legs of the L's are the fins. 

The method has been proposed to build a tank of 1100-0 alu
minum 3.05 m in outside diameter with 256 fins, each 0.95 cm 
thick, 36.3 cm wide, and 6.4 m long. The tank holds water in 
which a radioisotope heat source is immersed before use. The 
wata- absorbs bremsstrahlung radiation from the isotope, and the fins 
dissipate the heat generated by the absorption. 

This work was done by Donald F. Schultz and John J. O'Donnell 
of Lewis Research Center. No further documentaoon is avajJable. 
LEW-15115 

DETAIL OF FIN ASSEMBLY 
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L-Cross-Section 
Segments are 
welded together to 
make a finned 
tank. The close 
spacing of the fins 
(about 3 cm) 
makes it difficult to 
gain access for 
conventional weld
ing from the out
side of the tank. 

For More Infonnation Write In No. 435 ____ _ 

Transparent LCD Heaters 

Cold weather LCD operation • Window defogging 
Optical and scientific instruments 

FUNCTION 
Here's a clear solution to heating backlit LCD' : Rugged and reliable 
Thermal-Clear" heaters constructed with micro-thin wire elements and 
flexible insulation. 
oTran parent optical grade Mylar o Transmits over 82% of vi ible light 
o Up to 17 watts per square inch, 
uniform or profIled 

o Optional temperature sensors or 
sensorless controller 

7300 Commerce Ln. 
Minneapolis. M N 
55432·3177 USA MINCO Phn: 6121571·3121 

Telex ; 687-9025 
FAX: 6121571-0927 

PRODUCTS, INC . 

For More Infonnation Write In No. 436 89 



Mathematics and 
Information Sciences 

Subband and Transform Compression of Video Signals 
Hierarchical coders offer good performance with limited computational complexity. 

Lewis Research Center, Cleveland, Ohio 

A class of hierarchical subband coders 
is being developed primarily for com
pression of image data at video rates. 
These coders offer good performance 
with limited computational complexity and 
with the flexibility inherent in subband 
decomposition . 

The particular subband decomposition 
chosen for these coders appears to hide 
large quantitative errors effectively, large
ly because this decomposition occurs 
along two-dimensional spatial-frequency
domain boundaries that resemble the spa
tial-frequency-domain curves of constant 
sensitivity of the human visual system. 
These curves have been found to be 
apprOximately diamond shaped: thus, low
pass filtering for reduction of data ideally 
involves nonrectangular passbands. 

The concept of decomposition along 
diamond-shaped boundaries is imple
mented in a subband coder that is a pre
cursor to the present coders. This coder 
low-pass filters each image, followed by a 
two-subband decomposition of the re
maining image, as shown in Figure 1. The 
diamond-shaped passband enables a quin
cunx downsampling of the original image, 
with an immediate reduction of sampling 
density by a factor of 2. The quincunx 
image is subjected to one further spatial
frequency-band separation, with the low
est band coded by the discrete cosine 
transform. 

If high-resolution imagery is to be avail
able to devices that have widely varying 
sampling rates, transmitted through chan
nels of varying capacities, it may be nec
essary to band-limit a given image at 
several levels. Inasmuch as the diamond
shaped sensitivity contours hold over a 
broad range of spatial frequencies, it ap
pears desirable to have available a hierar
chy (symbolically, a pyramid) of spatial
frequency subbands. This is also true for 
temporally adaptive three-dimensional cod
ing of image sequences. The form of the 
proposed decomposition is simply a gen
eralization of that in Figure 1, with the 
inner square further decomposed recur
sively. While the pyramid need not stop at 
a particular level, a five-band decomposition 
has been found to be adequate for pur
poses of initial development. 

The decomposition process can be un-
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derstood by considering the transition 
from one level of the pyramid to one other. 
By limiting the image to the diamond
shaped band in the two-dimensional spa
tial-frequency domain, one can produce 
two images, the sum of which is the original 
image. Each of the resulting images is 
sampled at a rate equivalent to twice the 
necessary density (see Figure 2). Provided 
aliasing is excluded, each image can be 
decimated by a factor of 2 in a quincunx 
pattem. Should one wish to recombine 
to recover the original image, each sub-

Figure 1. This Subband Decomposition is 
basic to a developmental class of high-per
formance, computationally efficient coders. The 
letters "H" and "L" denote subbands in the 
two-dimensional spatial-frequency domain 
that contain various high- and low-spatial-fre
quency components, respectively. 

High-Pass 
Filter 

band can be interpolated to the original 
sampling rate and band-pass filtered before 
summing. Even when some aliasing exists 
in the decimated images, perfect-recon
struction filter banks can cancel aliasing 
and thus cancel errors in the final result. 

The two quincunx-sampled subband 
images can be thought of as being repre
sented in the spatial-frequency domain on a 
rectangular grid rotated by 45" from the 
original. In this orientation, one can think of 
again low-pass filtering the low frequency 
image to separate bands as at the first 
level. The resulting decimated low-pass 
image is then sampled on a rectangular 
grip with decimation by a factor of 2 in 
each coordinate relative to the original. 
This process can be continued in a pyramid 
fashion, with successive low-pass images 
of smaller size, alternating between rec
tangular and quincunx grids. 

One experimental pyramidal non-rec
tangular-subband coder of this type ap
pears to perform well at intraframe bit 
rates of about 1.0 to 1.5 bits/pixel for color 
imagery. These rates would enable trans
mission of high-density television images 
at about 30 to 45 megabits/second by 
use of relatively inexpensive equipment. 

This work was done by Ken Sauer and 
Peter Bauer of the University of Notre 
Dame for Lewis Research Center For 
further information, write in 5 on the TSP 
Request Card. 
LEW- 15732 

High-Pass 
Filter 

Input Ic .. ogy~' 
Quincunx Quincunx 

Decimation Oversampling 
by Factor of 2 by Factor of 2 

~Cod'09 ~b-~ 
Low-Pass 

Filter 
Low-Pass 

Filter 

Figure 2. This Single Stage of Decomposition according to diamond-shape subbands, shown here 
schematically, is one of several in the pyramidal coding scheme described in the text. 
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Life Sciences 

Regenerable Iodine Water-Disinfection System 
The service life of an iodination bed is lengthened. 
Lyndon B. Johnson Space Center, Houston, Texas 

An iodinated resin bed for disinfecting 
water can be regenerated to extend its useful 
life. In a demonstration, the resin bed was 
as biocidally effective after eight re
generations as it was when it was first 
operated. Presumably, it could have been 
regenerated many more times. 

The regeneration system (see figure) in
cludes a bed of crystalline iodine. Nor
mally, the flow of water is diverted around 
the crystalline iodine and directed through 
the iodinated resin bed, where it absorbs a 
small amount of biocidal iodine before 
entering the potable-water system. When 
the iodine in the resin bed approaches 
depletion, the concentration of iodine in 
the effluent water drops to a low level. At 
this point, the flow of water is diverted 
through the crystalline-iodine regenera
tion bed. The water dissolves iodine in the 
regeneration bed and carries it to the resin 
bed, where it is absorbed. 

When the iodine in the resin bed is fully 
restored, as determined by measurement of 
the concentration of iodine in the effluent, 
the flow through the regeneration bed is 
once again diverted around the regeneration 
bed. When the concentration of iodine in 

Flow During I 

the effluent decreases below the minimum 
acceptable level, the regeneration cycle is 
repeated. 

The regeneration concept was demon
strated in a small-scale prototype. The 
system was operated 24 hours a day for 
114 days with an average iodine concen
tration in the effluent of 2.9 mg/L. The test 
was stopped after eight regenerations, but 
there were no indications that it could not 
have been continued indefinitely. 

The first five regenerations, done at a 
rate of flow of 8.5 mL/min, produced spikes 
of 6 to 11 mg/L of iodine in the effluent, as 
shown in the figure. This rate of flow proved 
unnecessarily large, inasmuch as the high 
concentration was lost when the iodinated 
effluent was mixed with a much larger vol
ume of water in a storage tank. Ac
cordingly, the rate of flow during the last 
three regenerations was reduced to 3 mL/ 
min, corresponding to a residence time of 
0.8 min in the regenerator bed. This pro
vided adequate iodine uptake and limited 
spikes to 4 to 5 mg/L. 

The demonstration showed that regen
eration increases the life of the resin bed, 
in terms of the amount of water disinfected, 

Regeneration 
Bed Containing 
10 g Crystalline 

12 

I 

2.5 cc 
Iodinated "-

Resin "' 

Three-Way 
Valves 

Sample Port Normal Operation ----t 
~--------------------------------~ 

from only 60 L of water per cubic cen
timeter of resin to at least 500 L per cubic 
centimeter - and probably much more. 
At the end of the demonstration, the sys
tem was producing 4 mg of residual io
dine per liter of water, just as it did at the 
beginning. 

A further benefit of regeneration is that 
the regeneration bed can provide a highly 
concentrated biocide source (200 mg/ L) 
when needed. The concentrated biocide 
can be used to superiodinate the system 
after contamination from routine maintenance 
or an unexpected introduction of a large 
concentration of microbes. 

This work was done by Richard L. Sauer 
of Johnson Space Center and Gerald V. 
Colombo and Clifford O. Jolly of Umpqua 
Research Co. For further information, write 
in 83 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
20j. Refer to MSC-21763. 

Effluent to 
Storage Tank and 

Potable-Water 
System 

20r---------------------------------------------------~ 

Water Flows 
Through a 
Regeneration Bed 
of crystalline iodine 
during regenera
tion. At other times, 
the flow is diverted 
around the regen
eration bed. 
Although the regen
eration cycle was 
manually controlled 
in a demonstration, 
it could readily be 
automated to start 
and stop according 
to signals from con
centration sensors . 
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Books & 
Reports 
These reports, studies, and hand

books are available from NASA as 

Technical Support Packages 

(TSPs) when a Request Card num

ber is cited; otherwise they are 

available from the NASA Center for 

Aerospace Information by calling 

(410) 859-5300, ext. 394. 

Mathematics and 
Infonnation Sciences 

Some Practical Universal 
Noiseless Coding 
Techniques 

A report disrusses noiseless (that is, Ioss
less) data-compression-coding algorithms, 
the perfoonance d1aracteristics of these alg0-
rithms, and practical considerations in the 
implementation of the algorithms in coding 

(ADVER11SElI' INf) 

TECHNOLOGY 
2004 UPDATE 
The world 's largest technology trans

fer conference and exposition 
returns to our nation's capitol this 

fall. Technology 2004 ( ovember 8-10, 
1994, Washington, DC convention center) 
will feature over 80,000 square feet of 
exhibits showcasing licensable technolo
gies, new and next-generation products, 
and engineering services offered by federal 
labs and high-tech companies; orne 100 
symposia presentations on government-
ponsored research innovations available 

for commercial development; and daily 
workshops designed to help businesses 
learn how to license or otherwise acquire 
federally-funded technologies and enter 
into joint ventures with national labs. 

Over 8000 engineers, managers, sci
entists , and entrepreneurs are expected to 
attend the NASA-sponsored event, which 
has tripled in size since it began in 
Washington, DC four years ago. 

New features thi year include a how
case of technologies and products spun off 
from the government's mall Business 
Innovation Research (SBIR) program; a spe
cial workshop on how small businesses 
can successfully obtain SBIR grants; free 
demon trations for beginner on how to 
use the Internet (the worldwide communi
cations system that has been labeled "the 
on-ramp to the Information Superhigh
way"; and a one-<lay photonics technology 
transfer meeting and exposition. The latter, 

called LaserTech '94, w ill be held concur
rently with Technology 2004 on ovember 
9 and will include presentations on com
merCially-promising advances in lasers, 
electro-optics, fiber optics, and imaging. 

A dozen government agencies and 
100 of their laboratories nationwide will 
exhibit and present papers at Technology 
2004, including ASA (with a large pavilion 
in the center of the exhibits haJJ), the 
departments of Agriculture, Commerce, 
Energy, Interior, and Transportation, the 
Federal Aviation Administration, the National 
Security Agency, the U.S.Air Force, and the 
U.S. avy. Private sector exhibitors will 
include Hewlett-Packard, Rockwell Inter
national, Martin Marietta, and Thiokol. 

France, Italy, Russia, and other nations 
from across the globe will showcase their 
capabilities and tech transfer opportunities 
in a special exhibits pavilion, and in a ple
nary workshop. 

The central event of ational Tech
nology Transfer Week, Technology 2004 
is sponsored by ASA, NASA Tech Briefs, 

and the Technology Utilization Founda
tion in cooperation with the Federal 
Laboratory Consortium for Technology 
Transfer. 

For information on attending 
Technology 2004 and other events of 
Technology Transfer Week, write in 
no_526 on the reader response card or 
call Wendy JanieI at (212) 490-3999. 

modules romposed of very-large-scale inte
grated arcuits. The report also has value as a 
tutcxial document on data-comp-essbn-rod
ing concepts. The coding techniques and 
concepts in question are said to be "universal" 
in the sense that, in principle, they are ap
plicable to streams of data from a variety of 
sources. However, the discussion is oriented 
toward the compression of high-rate data 
generated by spaceborne sensors for 
lower-rate transmission back to Earth. 

This work was done by Robert F. Rice 
of Ca/tech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the re
port, "Some Practical Universal Coding 
Techniques, Part III, Module PSI14,K+: 
write in 23 on the TSP Request Card. 
NPO-18833 

Optimality of Variable
Length Codes 

A report presents an analysis of the 
performances of conceptual Rice univer
sal noiseless coders, which are adaptive 
coders designed to provide efficient com
pression of data over a wide range of 
source-data entropies. A Rice universal 
noiseless coder includes (1) a predictive 
preprocessor that maps the source data 
into a sequence of nonnegative integers 
and (2) a variable-length-coding proc
essor, which adapts itself to the varying 
entropy of the source data by selecting 
whichever one of a number of optional 
codes yields the shortest codeword. 

The Rice coding algorithm is easily im
plementable. It codes data close to the 
entropy of the source data and can be 
extended to any entropy range. Each se
lectable coding option provided by the 
algorithm is optimized for a specific en
tropy range that is about 1 bit/symbol 
wide. For the purpose of the analYSis, 
comparison is made with Huffman codes, 
which are widely known variable-length 
codes that are optimal under limited con
ditions. Each Huffman code is optimized 
to perform efficiently over a fixed, narrow 
range of source-data entropies. 

This work was done by Pen-ShU Yeh 
and Warner H. Miller of Goddard Space 
Flight Center and Robert F. Rice of Cal
tech for NASA's Jet Propulsion Lab
oratory. To obtain a copy of the report, 
"On the Optimality of Code Options for a 
Universal Noiseless Coder," write in 22 on 
the TSP Request Card. NPO-18834 

Algorithms for a Fast 
Universal Noiseless Coder 

A report discusses some algorithms for 
a fast, high-performance universal noise
less coder that adaptively generates near
�y optimal variable-length codes. Coders of 
this type are based on principles that are 

NASA Tech Briefs, May 1994 



also discussed in the reports described in 
the accompanying articles, "Some Prac
tical Universal Noiseless Coding Tech
niques" (NPO-18833) and "Optimality of 
Variable-Length Codes" (NPO-18834). The 
coding algorithms of the present report 
have been independently implemented in 
custom-made very-large-scale integrated
circuit coding modules by NASA's Jet 
Propulsion Laboratory and Goddard Space 
Flight Center in conjunction with the Mi
croelectronics Research Laboratory at the 
University of New Mexico. 

This work was done by Pen-Shu Yeh 
and Warner H. Miller of Goddard Space 
Flight Center and Robert F. Rice of Cal
tech for NASA's Jet Propulsion Lab
oratory. To obtain a copy of the report, 
"Algorithms for a Very High Speed Uni
versal Noiseless Coding Module," write 
in 21 on the TSP Request Card. NPO-
18835 

Electronic Components 
and Cir~uits 

More About the PCIO Card 
The PCIO user's guide presents addi

tional information about the design, opera
tion, and programming of the PCIO card, 
which was described in "Interface Circuit 
for Communication of Telemetric Data" 
(GSC-13547), NASA Tech Briefs, Vol. 17, 
NO.9 (September 1993), page 56. To reca
pitulate: The PCIO card is a programmable 
input/output interface-circuit card that 
enables a computer to transmit and receive 
high-speed, synchronous serial data and 
clock signals. It is designed to plug into an 
IBM PC-AT or compatible computer and 
to handle input and output of data in pack
et formats like those of telemetric data 
streams used throughout NASA and the 
aerospace industry. 

This work was done by Thomas P. Rat
ley of Goddard Space Flight Center. To 
obtain a copy of the PCIO User's Guide, 
write in 96 on the TSP Request Card. 
GSC- 13586. 

Tests of Advanced 
Nickel/Hydrogen Cells 

Individual-pressure-vessel (IPV) nick
el-hydrogen technology was advanced 
at NASA Lewis Research Center and under 
Lewis contracts with the intention of 
improving cycle life and performance. 
One advancement was to use 26 per
cent potassium hydroxide (KOH) elec
trolyte to improve cycle life. Another 
advancement was to modify the state
of-the-art cell design to eliminate identified 

NASA Tech Briefs, May 1994 

failure modes. 
This work was done by John J. Smithrick 

of Lewis Research Center and Stephen 
W. Hall of Naval Weapons Support Center, 
Crane, Indiana. Further information may 
be found in NASA TM-105314 [N92-13483]. 
"Effect of KOH Concentration of LEO Cycle 
Life of IPV Nickel-Hydrogen Flight Battery 
Cells - UPDATE II," and NASA TM-104384 
[N91-22375], "Effect of LEO Cycling on 
125 Ah Advanced Design IPV Nickel-Hy
drogen Battery Cells - Am Update." 

Mary/and, Telephone No. (301) 621 -0390. 
Rush orders may be placed for an extra 
fee by calling the same number. 
LEW-15389 

Electrical Properties 
of Capacitors at 
High Temperatures 

Copies may be purchased [prepayment 
required] from the NASA Center for 
AeroSpace Informauon, Linthicum Heights, 

A brief report describes the results of 
experiments in which the capaCitance 
and the dielectric loss of a glass, a met
allized-polytetrafluoroethylene, and a 
solid-tantalum capacitor were measured 

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

Pneuma·SeaI is an inflatable gasket that when pressurized with 
air, 6lls the gaps between surfaces, even hard· to-seal uneven 
surfaces. And when deflated, Pneuma· Seal quickly retracts to 
prevent interference when opening and closing a door or cover. 
You can use Pneuma-Seal as an effective barrier against 
pressure differentials and to seal out water, dust, gas, chern· 
icals, noise and other contaminants. 

Pneuma-Seal is particularly suitable for: 
Large enclosures where it Is uneconomical to machine the 
entire sealing surface 
Uneven fabrications where traditional compression gaskets 
or latches are inelli!ctive 
Horizontal or vertical sliding doors or covers that would 
tend to drag on and abrade conventional seals 
Hinged doors where Oush thresholds are required 
lYPical applications include: 
Processing equipment: chemical, food, teXtile, pharmaceu· 
ticals, dryers, ovens and where rapid sealing and unsealing 
are required 
Pollution control: sound attenuation, hopper seals 
Laboratory facilities: test equipment, clean rooms 
1hlnsportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 
Construction: special purpose doors, flood protection 

Pneuma· Seal Is available in a wide range of profiles, with 
fabric reinforcing where applicable, and in a variety of rubber 
and sillcone compounds to meet harsh environmental conditions. 

Pneuma-Seal Is furnished complete, ready to install as 
continuous loops, strips, rectangles, or other shapes to your 
specified dimensional requirements. 

To obtain a complimentary copy of our designer's handbook, engineering 
assistance or to have a Presray representative contact you, please call us at any of 
the following telephone numbers: 

(914) 855-1220 Telex: 646720 
FAX: (914) 855-1139 West Coast: (714) 751-2993 

Presray Corporation 
159 Charles Colman Boulevard, Pawling, NY 12564 

YOU MAY AlSO CONTACT US BY WRITING IN THE 
RESPONSE NUMBER INDICATID BELOW. 
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at temperatures from 20°C to 200°C. 
Conclusions were drawn concerning the 
suitability of these capacitors for use at 
high temperatures; for example, in nuclear 
powerplants, aircraft, equipment for 
extracting geothermal energy, switch
ing power supplies, and automotive inte
grated engine electronics. 

This work was done by E O. Baumann, 
I. T. Myers, and E Overton of Lewis 
Research Center and A. N. Hammoud of 
Sverdrup Technology, Inc. For further infor
mation, write in 48 on the TSP Request 
Card. LEW-15677 

1be BitAIyzer 400. 

Physical Sciences 

Development of 
Topographic 
Mapping With SAR 

A report summarizes the development 
of an airbome interferometric synthetic-ap
erture-radar system (SAR) for topographic 
mapping. The basic principle of topographic 
mapping by use of interferometric SAR 
and the performance of an earlier version 

We made the new BilAlyzer 400 to analyze data chan

nels beyond traditional bit error rate measuremenlS. If 

errors are spaced by a given quantity, or made up of 

burslS of a gIven length, or are correlated to other sig

nals m your system, knOwing thIS can help you fix the 

problem qUickly. The BilAlyzer 400 operates at speeds 

It utiltzes an intuitive touch screen graphical user Interface 

to produce analyses including; burst length histograms, 

error free length hIStograms, basIC BER statistics, BER 

strip cham, cCin G.821 and G.826 statistics, Reed

Solomon ECC statistics, 20 error mappings, and more . 

up to 400 megabllS per 

second and mcludes 1-

'lAM-baS<d paLlems make BtrAlyzer 
WO p"1w Jar optical and conventional 
ilSk dnve appitcattons. 
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To begin finding out what your errors are trying to 

tell you, call our brochure hotline at 415-364-1853 . 

SYNTHESyS •• _-'++, .... 
3475-0 Edison Way, Menlo Park, CA 94025 

For More Information Write In No. 443 

of the system were described in "T opo
graphical Mapping With Synthetic-Aper
ture Radar" (NPO-16665), NASA Tech Briefs, 
Vol. 12, No.9 (October 1988), page 39. 

This work was done by Howard A. 
Zebker. Soren N. Madsen, and Jan Martin 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the re
port, 'The TOPSAR Interferometric Radar 
Topographic Mapping Instrument," write 
in 101 on the TSP Request Card. 
NPO-18746 

Study of Fuels for 
Hybrid Rockets 

A report describes an experimental study 
of combustion and rates of regression of 
selected fuels for hybrid rocket engines. (A 
hybrid rocket engine is one in which an 
oxidizing fluid is injected into a combustion 
chamber that contains a solid fuel.) This 
study is part of a continuing effort to devel
op fuels with greater rates of regression 
and lesser dependence on shapes of fuel 
grains and to maximize potential specific 
impulse at low cost. 

This work was done by Leon O. Strand, 
Robert L. Ray, Floyd A. Anderson, and 
Norman S. Cohen ofCa/tech for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "Hybrid Rocket Fuel 
Combustion and Regression Rate Study," 
write in 102 on the TSP Request Card. 
NPO-18724 

o Mechanics 

More About High
Temperature Resistance 
Strain Gauges 

Two reports present additional informa
tion on the electrical-resistance strain 
gauges described in "High-Temperature 
Resistance Strain Gauges" (LEW-15379), 
NASA Tech Briefs, Vol. 18, No. 1 (January 
1994), page 50. These deviceS include 
25-~m-diameter gauge wires of an alloy 
of 87 weight percent palladium and 13 
percent chromium. The gage is temper
ature compensated with a 25-~m - di

ameter wire of platinum. For protection 
against oxidation at high temperatures, 
the gauges are covered, by flame spraying, 
with coats of alumina containing up to 1 
weight percent of yttria or, preferably, con
taining 4 to 6 weight percent of zirconia. 

This work was done by D. R. Englund 
and W. O. Williams of Lewis Research 
Center; Jih-Fen Lei of Sverdrup Tech
nology, Inc.; and C. 0. Hulse of United 
Technologies Co. To obtain a copy of the 
report, "PdCr Strain Gauge," write in 19 
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on the TSP Request Card. Further information may also be found 
in AIM paper 91A-14462, "PdCr Based High Temperature Static 
Strain Gauge.» 

Copies may be purchased {prepayment required} from AIM 
Technical Information Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 247-6500. LEW-15518 

Turbulent Flow in a Circular-To
Rectangular Transition Duct 

A NASA technical memorandum describes experiments and 
analysis of experimental data pertaining to subsonic, turbulent flow of 
air in a duct that includes a gradual transition from a circular cross 
section at the inlet to a rectangular cross section at the outlet. This 
study is intended to support further research on the physics of 
flow, especially by providing a comprehensive set of data for the 
calibration and verification of (1) computer codes for simulation of 
transition-duct flows and (2) mathematical models of turbulence in 
flows in which the effects of curvature of streamlines are important. 

This work was done by David O. Davis of Lewis Research 
Center. For further information, write in 32 on the TSP Request 
Card. LEW-15682 

Surface Fatigue Tests of M50NiL 
Gears and Bars 

A report presents the results of tests of steels for use in gears 
and bearings of advanced aircraft. Spur-gear endurance tests and 
rolling-element surface fatigue tests were performed on gear 
and bar specimens of M50NiL steel that had been processed by 
vacuum induction melting and vacuum arc remelting (VIM-VAR). 
The report also compares the results of these tests with results of 
similar tests of specimens of VIM-VAR AISI 9310 steel and with 
results of similar tests of specimens of AISI 9310 steel that had 
been subjected to VAR only. 

This work was done by Dennis P. Townsend of Lewis Research 
Center and Eric N. Bamberger of General Electric Company. 
For further information, write in 27 on the TSP Request Card. 
LEW-15741 

• Materials 

Core Losses in Three Alloys 

A report describes an experimental investigation of the core 
losses and dynamic magnetic flux densities as functions of mag
netomotive force ("8-vs.-H loops'') of three soft magnetic materials 
under sine-wave voltage excitation at frequencies from 1 to 50 kHz 
and at temperatures from 23 to 300°C. The investigation was 
prompted by the need for data to design magnetic cores for 
efficient, lightweight power supplies that will operate in harsh 
environments. The reduction of mass of a core (for a given power) 
requires an increase in excitation frequency beyond the conventional 
50-Hz powerline frequency. The reduction of overall mass of a 
power supply entails a reduction in the sizes of heat-dissipating 
components, with a consequent heating above the conventional 
ambient or near-ambient operating temperature. Most of the pre
viously available data on the electrical and magnetic characteristics 
of soft magnetic materials pertain to operation at room tempera
ture, with dc or 50-Hz excitation. 

This work was done by G. E. Schwarze of Lewis Research 
Center, W. R. Wieserman of the University of Pittsburgh, and J. 
M. Niedra of Sverdrup Technology, Inc. For further information 
write in 88 on the TSP Request Card. LEW-15683 
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New on the Market 

Fluke Corp., Everett, WA, has re
leased etDAQTM, the first fully
integrated, analog-to-digital-to
Ethernet, PC-based data acquisition 
and analysis system. Two portable, 
20-measurement channel models 
connect directly to a PC or can 
transmit data via Ethernet. The 
2640A features a measurement 
speed of 1 00 RPS with 5 Y2-d igit reso
lution and 0.01 % accuracy. The 
2645A has a 1000 RPS measure
ment speed. 
For More Information Write In No. 704 

PATRAN® 3, updated analysis soft
ware from PDA Engineering, Costa 

The TouchStart™ TS-l capacitive 
palm button from Scientific Tech
nologies Inc., Hayward, CA, detects 
an operator's hand and actuates 
output relays at the slightest touch. 
It reduces the risk of repetitive mo
tion injury by providing an al terna
tive to mechanical palm buttons 
that often require substantial force 
to operate. Special ci rcuitry pre
vents false triggering from radio fre
quency interface. 
For More Information Write In No. 703 

Mesa, CA, features unique trimmed [--------------i 
element analysis method (TEAM) NovaComp Engineering Inc., Se
mesh less technology for simulation attie, WA, has unveiled NovaLOAD, 
of product performance. P3(fEAMTM a finite element analysis tool for 
uses the original CAD geometry as applying non-uniform loads. Nova
the basis of the simulation, elimi- LOAD eliminates the need for step
nating the model ing and meshing wise uniform approximation and te
required in traditional finite element dious bookkeeping by converting 
analysis and permitting optimiza- non-uniform load distributions into 
tion early in the design process. discrete nodal input values in a user
For More Information Write In No. 708 defined format. Load distributions 

include scalar and vector quanti
ties, pressures, fluxes, tractions, 
sources, and forces. 
For More Information Write In No. 709 

MultiQuest Corp., Schaumburg, IL, 
has introduced ShowCASETM, a 
multi-user software engineering tool 
that supports the Booch method of 
object-oriented design. Users can 
create graphical models of systems 
using smart diagramming tools that 

I---- ------------l understand Booch semantics, then 
Tektronix Inc., Beaverton, OR, has generate C++ code stra ight from the 
announced the industry's first 1 GHz model. ShowCASE operates on het
digital real-time oscilloscope de- erogeneous networks of PC, Mac in
signed to streamline performance tosh, and UNIX workstations. 
verification and debug digita l c ir- For More Information Write In No. 700 
cuits. The new TDS684 provides 
four channels of Single-shot data 
capture, and is capable of sampling 
data at 5 GS/sec. Simultaneously on 
all channels. Priced under$30,000, 
the TDS684 features 1 S,OOO point 
record length. 
For More Information Write In No. 702 

Low-noise, high-performance ro
tary-vane mechanical pumps from 
Edwards High Vacuum International, 
Wilmington, MA, offer a universal 
motor, three gas ballast pOSitions, 
and high-vacuum or high-through
put modes ranging from 3.9m'/hr. 
to 14.6m1/hr. All models feature a 
positive shut-off inlet valve and in
creased water vapor capacity. 
For More Information Write In No. 713 

NASA Tech Briefs, May 1994 



New on the Market 

A series of miniature harmonic 
drives from HD Systems Inc., 
Hauppauge, NY, utilizes a patented 
S-tooth profile to provide twice the 
life, torque, and torsional stiffness of 
conventional systems. Measuring 
just 50 mm in diameter, they offer 
gear reduction ratios of 50, 80, and 
100:1 and provide rated torques of 
48 to 69 in-Ibs. The drives feature 
zero backlash and positioning ac
curacy better than 1.5 arc-min. 
For More Information Write In No. 711 

The Aurora™ automated test sys
tems from ManTech Test Systems, 
Fairfax, VA, are designed to elimi
nate the long development times 
and high costs associated with auto
mated test equipment design, inte
gration, and debugging. Constructed 
with VXlbus architecture, the sys

I ~:.-_--...:~~~::::=~==~ tems are available in portable, desk
I- top, benchtop, and ruggedized mod-

The Image Explorer™ scientific im- els, including one with wheels. 
aging system from Signal Analytics For More Information Write In No. 701 
Corp., Vienna, VA, captures and 1----------------1 
analyzes grayscale image data in 
both bright- and low-light. Priced at 
$6000, the system comprises a cam
era that integrates image data on
chip at video rates and a frame grab
ber.lncluded is IPLabSpectrumsoft
ware, which automatically selects 
the best sample exposure time. 
For More Information Write In No. 71 0 

Harvard Thermal, Harvard, MA, has 
released PC3D, an easy-to-use, PC
based thermal modeling tool. Un
like similar too ls adapted from 
structural analysis software, PC3D 
was designed for thermal analysis 
and easily incorporates temperature
and time-dependent properties, fluid 
flow, and rad iation. A menu-driven, 
graphical, interactive environment 
provides model generation, execu
tion, and post-processing. 
For More Information Write In No. 706 

ics Corp., San Diego, 
CA, has introduced the TeamSolu
tions™ family of collaborative engi
neering software, featuri ng two pro
grams that permit sharing of infor
mation between X- and/or 5080-
compliant applications on network 
workstations, mainframes, or PCs. 
TeamConference™ establishes a 
real-time, interactive data link be
tween conference participants all 
viewing the same screen image. 
TeamExchange™ enables users to 

1----------------1 create and distribute compound 
The Benchmark line of ultrasonic mixed-media documents from mul
cleaning systems from Branson UI- tiple databases. 
trasonics Corp., Danbury, CT, pro- For More Information Write In No. 707 
vides environmentally safe alterna-
tives to CFC cleaning. The systems 
use coalescersor ultrafiltration units 
to extend the life of cleaning chem
istries and cascade rinsing modules 
tominimizewateruse. Dryingmeth
ods include hot air, nitrogen, infra
red, capillary, and vacuum. 
For More Information Write In No. 705 
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A VME interface module available 
from Pacific Avionics, Redmond, 
WA, employs a multiprocessor de
sign to enable parametric testing. 
The ARINC-429 supports eight 
configurable parametric channels 
to receive or transmit, and eight 
low-speed "receive only" channels . 
The parametric channels handle 
variable word size, bit rates, voltage 
levels, and parity. 
For More Information Write In No. 712 
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... ) 
Connect. Configure. 

That's it! With Strawberry Tree's powerful 
WorkBench Data Acquisition &: Control Software, 
even the most elaborate applications are up and 
running in a matter of minutes. No training. 

o programming. No hassles. 
Just load WorkBench on your Windows, Mac, 

or DOS-based system and you've got the most 
valuable shortcut to productivity you can imagine. 
In fact, the hardest thing about WorkBench is 
believing how fast and easy it gets the job done. 
So, let us show you. Call 1-800-736-8810 and we'll 
send you free demonstration software and literature. 

Seeing is believing. 
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New literature 

Motion control products are show
cased in a brochure from Yaskawa 
Electric America Inc., orthbrook, 
Il. Featured are all-digital AC servo 
drives and motors, new small sigma 
series AC servo drives, single-axis 
position controllers, single-axis mo
tion controllers, inverter position
ing systems, and DC servos. 
For More Information Write In No. 716 

Automaflon 

The 1552-page 1994 catalog pub
lished by Newark Electronics, Chi
cago, IL, contains more than 14,000 
technical drawings and lists more 
than 120,000 electronic and elec
trical components from 285 manu
facturers . This edition features more 
than 37 new vendors and 25,000 

1--------------1 new products including surface 
Exergen Corp., Newton, MA, has 
published a 120-page reference 
to low-cost, non-contact tempera
ture measurement and control. The 
pocket-sized handbook helps users 
apply advanced IR sensors to in
crease productivity, throughput, and 
quality while reducing costs. In
cluded are operating principles, 
product specifications, and case his
tories of successful installations. 
For More Information Write In No. 720 

An engineering guide from the 
Avery Dennison Specialty Tape Di
vision, Painesville, OH, assists in 
the selection of pressure sensitive 
adhesive tapes. It helps the user 
identify an appl ication's specific en
vironmental and substrate require
ments and explains tape construc
tion and adhesive types. 
For More Information Write In No. 719 

A 57-page linear bearing products 
guide from Del-Tron Precision Inc., 
Bethel, CT, describes ball bearing 
slide assemblies, crossed roller 
slides, table and rail sets, and multi
axis micrometer-driven positioning 
stages. A new low-profile crossed 
roller slide offers high-accuracy lin
ear travel in a low cross-section 
bearing utilizing a single inner rail 
with a double V groove. 
For More Information Write In No. 715 

mount, industrial control, and com
puter networking components. 
For More Information Write In No. 717 

A catalog of materials properties 
handbooks for design and analysis 
has been released by ClNDAS/USAF 
CRDA Handbooks Operation, West 
Lafayette, IN. H ighl ighted is the new, 
900-page Composite Failure Analy
sis Handbook documenting current 
techniques, fractographic and ma
terial property data, and case histo
ries. Other handbooks address aero
space structural metals, structural 
alloys, and damage-tolerant design. 
For More Information Write In No. 714 

Mechanical Dynamics Inc., Ann Ar
bor, MI, has released a brochure 
entitled ADAMS Simulation Soft
ware: For the Virtual Proto typing of 
Mechanical Systems. It introduces 
mechanical system simulation tech
nology and describes how the 
ADAMS® products can be used 
throughout product development, 
from design concept to aftermarket 
behavioral reconstruction. 
For More Information Write In No. 718 
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POSITIONS WANTED 
Project manager with background in soft
ware and systems engineering seeks a 
challenge. Specialty is real-time and em
bedded systems including instrumenta
tion and communications. Demonstrated 
success in FFP Ada development per 
2167 A. Managed teams of 50 engineers. 
Proposal experience. MS '81 , MBA '84. 
Will consider temporary or contingent 
assignments. Tel: 407-724-4203 . 
Box number 42C 

New product R&D PE--BSME, MBA with 
8+ years in high value-added manufac
turing projects. Analytical and hands-on 
experience with high-temperature and 
non-metallic materials. Excellent com
munication and interpersonal skills seek
ing position with a growth-oriented com
pany. Will relocate. 
Box number 43C 

AAS-fire protection technology; BS gen
eral science; MS chemistry. Chemistry, 
synthetic and analytical; environmental 
topics; ordnance; obscuration; opera
tional safety; section head; chemical 
surety (detection, contamination avoid
ance, decontamination); consumer top
ics; proposal preparation (technical and 
cost); briefings and presentations; lab 
and field trials. Excellent writing skills. 
Box number 44C 

Technical instructor/trainer with back
ground in PC hardware and the latest PC 
software: DOS 6.0, Windows 3.1, data
bases, communication, word processing 
and desktop publishing. Experienced in 
developing and implementing technical 
training courses. Additional experience 
with PC hardware maintenance, techni
cal support and manual preparation. 
Box number 45C 

Sen ior executive/R&D director with back
ground combining business development 
and advanced R&D program manage
ment. Over 20 years providing technical/ 
business leadership for all phases of com
munications. Computing products de
sign and development from concept for
mulation through transition to manufac
turing. Active leadership in government 
contractor associations. MSEE. 
Box number 46C 

BSMET seeks full-time permanent engi
neering position in design or testing. 
Experience in original design, standards, 
and specification compliance. Courses: 
failure analysis, fluids, strength of mate
rials, several computer courses. Strong 
commitment to learning as I believe edu
cation doesn't end in the classroom, but 
continues within the work situation. 
Box number 47C 

Results-oriented electrical engineering 
manager skilled in deSign, production 
and energy management. Expert in elec
tronic controls and standards applica
tions. Productive, experienced, and suc
cessful in integrating safety and costcon
trois. Analytical and creative problem 
solver. Proven negotiator and communi
cator. Effective in recrUiting, training, 
and directing staff. 
Box number 48C 
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Experienced mechanical/manufacturing 
engineer with 1 0+ years in private sector, 
business, and lead project engineering 
seeks permanent or consulting work. 
Versatile engineer for R&D and design 
of new products and manufacturing pro
cesses. Knowledge of testing proce
dures: prototype machining, fabricating, 
injection/compression molding, thermo 
vacuum forming and extrusion. 
Box number 49C 

Assertive welding engineer (MSWE Ohio 
State 1993) with 3 years manufacturing 
and supervisory experience seeks a chal
lenging poSition involving welding pro
cess development, control, and design 
with advancement opportunities into 
R&D. Experience with industrial robots, 
feedback control, NDT, FEA, and De
mand Flow Manufacturing. Thesis on 
fatigue of welded offshore structures. 
Box number 50C 

Ph.D in control engineering; 2 years 
experience as basic research and teach
ing faculty. Publications in intelligent 
controllers for factory automation sys
tems. Available for positions in AR, 
WA, NC, GA. 
Box number 51 C 

Electromechanical design engineer with 
3+ years in power distribution and con
trols seeking advanced engineering posi 
tion with room to grow. BSEET(3.4 GPA) 
with EIT. Currently continuing educa
tion. AutoCAD RIO, Rll , and R12 with 
computer operation and programming 
experience. CO-OP background in tech
nical writing. Willing to relocate within 
mid-Atlantic region. 
Box number 52C 

MSME with over 15 years engineering 
experience. Educated in Europe, has 
worked with metric system. Speaks sev
eral West-European and Slavic languages. 
Held positions in manufacturing, QC, 
design, and analysis. Strong interest in 
opto-mechanical systems, imaging, laser 
scanning and LCD projection fields. Com
puter literacy and CAD experience. Ex
cellent interpersonal skills. 
Box number 53C 

Ph.D in materials science and engineer
ing with 3 years in ceramidglass synthe
sis and characterization. Glass and glass
ceramic sea ls for sodium/su lfur cells and 
oil dri ll ing components, high-tempera
ture resistor inks, sol-gel synthesis of ul
tra-pure glasses and fast ionic conductor 
thin films, oxidation protection coatings 
for dc composites, and processes and 
properties of high-Tc superconductors. 
Box number 54C 

10 years in manufacturing, testing, and 
quality control (lenses, mirrors, and 
prisms). 13 years of optical/mechanical 
design and engineering of instruments. 
Evaluated optical and mechanical ven
dors, optical and machine shop skills, 
OSLO, ZEMAX. Seeking position as de
sign or manufacturing engineer in indus
try, university, or observatory. Contact 
Robert Schalck: 51 0-7B2-1 B87. 
Box number 55C 

Certified, licensed, experienced, and mo
tivated electronic technician with 14 years 
experience seeks a technical position in 
south Texas. Too sharp for government 
employment, am currently self employed 
and struggling. System manager for VAX 
and other small systems, test program set 
engineer, troubleshoot and repair to sys
tem, UUT or component level. No bull, 
just performance, call 210-698-7109. 
Box number 56C 

B5ME, 3+ years as project engineer in 
waste management. Responsibilities in
clude preparation and review of specifi
cation, design drawings, operating pro
cedures, budgets. Excellentcommunica
tion and computer skills. Seek position in 
Baltimore!D.C./Virginia area. Reply: Mr. 
B. Steingard , 568 Oakbrook Dr., 
Martinez, GA 30907. Tel: 706-860-3484. 
Box number 57C 

MBA, BSME, and CQE with 15 years in 
manufacturing, product manufacturing, 
quality, and project management. Imple
mented ISO 9000 for an electrical manu
facturing organization, managed a tech
nical and quality department in an $8.5 
mi ll ion waveguide manufacturing op
eration, managed project to introduce 
a $15 million electro-optics product line. 
Call John at 203-266-4889. 
Box number 58C 

Software engineer experienced in de
sign, development, and support of appli
cation software, process monitoring and 
safety systems. Also in preparing specifi
cations and technical proposals. Engi
neering, supervisory and project man
agement responsibilities. MS computer 
and information sciences, MS nuclear 
engineering, BS electrical engineering/ 
computer science. Tel : 813-378-4632 . 
Box number 59C 

MIS liaison. Extensive background in MIS 
supervision, user goals definition, sys
tems support, end-user training and pro
ductivity enhancement, specifically in 

the tax, accounting, and finance systems 
area. Also, sign ificant experience in work! 
information flow analysis, change con
sensus building, and procedures docu
mentation. Familiar with a number of 
mainframe and micro languages. 
Box number 60C 

Mechanical engineer; currently design
ing fasteners/latches. Have three patents 
pertaining to fasteners. Experienced in 
machine design with strong plastic, metal 
fabrication, mechanism design. Excel
lent customer vendor communication 
skills. Seeking challenging poSition in 
machine design or mechanical fastener 
small mechanism design. Living in NJ. 
will relocate to PA, NY, CT. 
Box number 61 C 

BS in engineering physics with minor in 
applied mathematics from ERAU . Em
phases in space systems engineering, 
conceptual design, and physics. Seeking 
entry level spacecraft design, operations, 
or research position. Strong laboratory 
and hardware skills. Militarybackground, 
security clearance. Tel: 904-672-9549. 
Box number 62C 

Engineering manager, 10+ years super
vising engineers of various disciplines. 
Current design experience in ana log cir
cuits and systems. Previous engineering 
experience in circuit deSign, field ser
vice, manufacturing, instructor, techni
cal editing and quality assurance. Mac 
and DOS computer literate. Also project 
management, CAE, database, spreadsheet 
and diagnostic software. BSEE. 
Box number 63C 

11 years progressive experience build
ing, testing, modifying and supporting 
complex laser and electro-optical mis
sile targeting/tracking systems and ther
mal night vision systems on both ground 
and air platforms. AAS in laser technol
ogy as well as some college toward man
agement degree. Secret clearance. 
Box number 64C 
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·out this form and mai l to: Gregg McQueen, NASA Tech 
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MARKETPLACE ToAdvertis~all 490-3999 

Best Value in the World 
for 

POLYIMIDE & FR4 
1 to 5 DAY TURN 

I 10 12 Loyer> 

PRINTED CIRCUIT PROTOTYPES .. .. 
LAYERS 1 2 3&4 5&6 7&8 
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Ken Bahl • 1108 W. Evelyn Ave .• Sunnyvale. CA 94086 

Phone (4081735· 71 37 FAX (408)735· 1408 Modcm(408) 735·9842 

For Write In No. 472 

MEMBRANE SWITCH 
COMPONENTS 

~ 
The adhesive that holds together the layers 

of your membrane switch can ultimately spell the 
success or failure of the products you design. 
That's wIT--; roo should specify the components 
of your switch. Right ~ 3M is offer-
ing a free information package on 
membrane switch assembly sys
terns. Call 1-800-223-7427, ext 
315, or write 3M Identification 
and Converter Systems 
Division, 3M Center Bldg. 
220-7W-03, St Paul, MN 
55144-1000. 

Newesl in Z·WOrld'5 
line of C·programmable 

miniature controllers, the Little Star'" 
has 16 protected digital inpulS, 14 high-currem driver out· 
pUIS, RS232/RS485, banery·backed RAM and real·rime clock, 
programmable rimers, watchdog, and more. The Little tar is 
also available with enclosure and lCD/keypad, expansion 
cards for additional VO, and optional 18 MHz clock. Our 
easy·to-use, yet powerful Dynamic C'" development system 
(S I95) integrates an editor, compiler, debugger, and dozens 
of software libraries all in source code. The tittle Star is 
ideal for OEM control applications, manufacturing au(oma· 
tion, lest and data acquisition. 

24·Hour AutoFax 1724 Picasso Ave. fJMiiJ 
916.753.0618 CoU Davis, CA 95616 • 
from your FAX. 916.757.3737 " 
Reque<l Clral,,!! 18. 916.7535141 FAX 

Fo,_ More Infonn.tion Writ. In No •••• 
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DASOO 
Waveform 
Capture Board 

signal 
• 200 MBISEC auxiliary bus 
• Memory expandable to 

1 gigabyte 
• 350 MHZ analog bandwidth 
• 2 analog input channels 
• ISA compatible board 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as O.010"(.2S4mm) inboard 84 " 
(2133.6mm) with accuracies of 0.0003" 
(7 .6I'm), without scratching delicate 
surfaces. 

;:: Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772·6033 • Fax (508) 772·6036 

For More Infonnation Write In No. 473 

REVOLUTIONARY 

NEW PATENT TOOL! 

David Pr essman's 

PATENT IT 
YOURSELF 
SOFTWARE 
D<lltlop.d by Nolo Prw & EDS 

4imH" 
Everythjng you need to 
prepare and file a legal 

U.S. patent applicarion without a lawyer. 
• Full stand-alone program. 
• All forms you need with step-by-step 

instructions. 
• Fully searchable version of 

David Pressman's bestselling book, 
Patent It Yourself. 

• Context-sensitive, online legal 
and program help. 

SITE LICENSES AVAILABLE . 

To order or for more informacion: 

800-846-9455 
NOLO PREas . 850 PARKER ST •• 
BERKELEY, CA 847'0 

NOLO 

II 
'RESS 

For More Infonnation Write In No. 464 

8.5" thru 29" 
Custom Monitors 

Modgraph, Inc. offers cusrom configured 
monitors ranging in sUe from 8.5" to 29". 
Touch Screens, 12f24f48 Volt DC power, 
indusrrial -enclosures, open frame modds and 
rackmounts are available for most display 
sizes. ContaCt us ro discuss your cUStom or 
OEM requiremenr. Modgraph can be 
reached at 1-800-327-9962. Modgraph, 
Inc., 6 Gill Srreet, Woburn, MA 01801. Td: 
617-938-4488. Fax: 617-938-4455. 

For More Infonnation Write In No. 474 

Now You Can Own 
The Official NASA Tech Briefs Cap 

.......... 
Adjustable white poplin cap, with 

NASA Tech Briefs' logo in red and black. 
_________ g~ll' ~~~9_5_ ~~c!l~ _______ _ 

Please send me _ cap(s) at $9.95 + $5.00 shipping 
NY residents add sales tax. 

Total 
Enclosed: $ __ _ 

Nrune __________________________ _ 

Adc'ress, ________________________ _ 

C,ty/SVZip. _______________________ _ 

Phone __________________________ _ 

Mail payment to: NASA Tech Briefs, Dept. F 
41 EasI42nd SI., 1 921 . New York, NY 10017 

Credit card orders call (212) 490·3999 

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, 
fifters, 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. 477 
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• The 486-based DAP 3200e~Data Acquisition Processorm 

board has itS own on·board multitasking real·time operating 
system, DAPLI'W, that does the time·critical work in an appli
cation. DAPL, optimized for data acquisition and control, 
recognizes 100+ standard commands. A typical application 
is completely defined with DAPwindowsl'M in just minutes. 
• DAPwindows, running on the PC underWiDdows,can issue 
commands to DAPL to acquire data or control processes in 
real time through the Data Acquisition Processor, freeing an 
application from unacceptable delays imposed by Windows. 
Speci-al on·board hardware bypasses DMA to drive the bus at 
maximum speed. 

Please contact us to discuss your project, or for information: 
206 .. 453-2345 
206-453-3199 FAX 

'2265 I 16th Avenue NE 
Bellevue. WA 98004 

MICROSTAR 

Hitachi Denshi America. ltd ................... (RAC 4391 ............................. .30 
Hughes Aircraft Company .... ..................................................................... 9 
Imaging Technology. lnc ......................... (RAC 4031 .............................. 18 
Inco Alloys International. Inc ................. (RAC 5351 .............................. 81 
Indium Corporation of America .............. (RAC 6561 .............................. 67 
Intergraph Corporation ............................ (RAC 6321 .............................. 23 
IOtech. Inc . ........................ _ ..................... IRAC 4321 .............................. 43 
Isc.n. Inc. ......................... . .. .. IRAC 4301 .............................. 80 
Jandel Scientific ....................................... (RAC 420.802·6071 .......... 16.29 
Keithley Instruments. Inc ............ " ........... IRAC 6541 .............................. 49 
Kevex X·Ray. Inc ....................................... (RAC 4981 .............................. 96 
Kollmorg.n/lnland Motor ........................ (RAC 6581 .. "" .. "" .................. 11 
LABTECH Corp............... . .............. (RAC 6521 .............................. ..4 
loral Data Systems ................................... (RAC 5301 .............................. 61 
M.buchi Motor America Corp ............... (RAC 4921 ............................ 101 
M.nugisitics.lnc ....................................... (RAC 517) .............................. 27 
M.ster Bond. Inc . .. .............................. ..... (RAC 4151 ............................. 80 
M.thSolt. Inc ............................................. (RAC 6501 .............................. 15 
The MathWorks. Inc ................................. (RAC 6301 ......... ................ 33·35 
Microstar laboratories ............................ (RAC 4661 ............................ 101 
Microw.y ...................................................................................................... 1 
Minco Products. lnc ................................. (RAC 4361 ............... , .............. 89 
Modgragh. Inc ........................................... (RAC 4741 ............................ 100 
Moritex. Inc ..... .......... ................................. (RAC 4231 ........... ................... 16 
N.tionallnstruments Corporation ......... (RAC 528.406I ........... COV 11.88 
Nolo Press .................................................. (RAC 4641 ............................ 100 
Ddetics ........................................................ (RAC 4441 ..... ......................... 82 
Parosci.ntific. Inc ..................................... IRAC 4191 .............................. 65 
Power Technology. lnc .. .......................... (RAC 4381 .............................. 69 

For More Information Write In No. 486 Presray Corpor.tion ................................. (RAC 4251 .............................. 93 
I-"":"'::":''''':'''::'':''::'':'-'::'':''''':'''''':'''::'':''''':'':':':''''':'''':':':'''':''':'::'':''':':'::''::''---l The Pyrometer Instrument Co .• Inc ....... IRAC 4141 .............................. 64 

OHicial comme morative 
T ·shirt of the 40th Paris 
Air Show features a 

strikIng full -color de
sign on a block shirt 

(d.sign is on bock 
of octual shirt). 

Aduh . iz" crvoltow.. 

Rush me_ Paris Air Show T·shim at S14.95 eoch plus SA 00 po$1age and 
hc.dIing INY midon. odd sole. lOx 10 10l0i1 
T_I o .. lo.od: S ___ lchook '" MO po)'Obie 10 NASA Tech Ilriehl 

Size(s) _ S _M _ l _XL 

No~ ________________________________ __ 

Compony' ______________________________ __ 

Add .... '. ________________ _ 

cay/ s./z;p _______________ _ 

Mill I, NASA Tfl~ In,,, D'pl , .. , fl~1 42.~ Sl~ "2' Ntw VII", NY 10017 
for md,. (I,d "drrs 101 (211)490 )ClCl9 

NASA Tech Briefs, May 1994 

Rayth.on Company ................................... (RAC 6081 .............................. 17 
R.se.rch Systems. lnc ............................ (RAC 4111 ............................. .76 
RGB Sp.ctrum ........................................... (RAC 4011 .............................. 10 
Rolyn Optics Co ......................................... (RAC 477) ............................ 100 
Sierra Circuits.lnc .................................... (RAC 4721 ............................ 100 
Signatek. Inc . ............................................. (RAC 4631 ............................ 100 
Sony EI.ctronics. Inc ................................................................................ 25 
Southco. Inc ............................................... (RAC 675.6761 ....................... 75 
Stereogr.phics Corpor.tion ................... (RAC 4211 .............................. 70 
Str.wberry Tree. Inc ................................ (RAC 4911 .............................. 98 
Structural Research andAn.lysis Corp(RAC 4181 .............................. 77 
Summagr.phics Corporation ................. (RAC 6721 ...................... COV III 
Synrad.lnc ................................................. (RAC 6801 .............................. 31 
SyntheSys Rese.rch. Inc ........................ IRAC 4431 .............................. 94 
TEAC Americ • • Inc .................................... (RAC 6601 ................................ 3 
Technology 2004 ............................................................................ , .. , .. ,72,92 
Teledyne Relays ........................................ (RAC 6691 ............................ ..41 
Tescom Corpor.tion ............................. , ... (RAC 4281 .. , ........................... 78 
Toshib. America. Inc ............................... (RAC 4411 .......... .................... 93 
Visu.1 Numerics. lnc ................................ (RAC 4161 .............................. 71 
Visu.1 Solutions. Inc ................................. (RAC 4081 .............................. 57 
Watlow Electnc Mfg. Comp.ny ............. (RAC 6281 .............................. 63 
WEITEK Corporation ................................. (RAC 6141 ......................... 51·53 
Z·World Engine.ring ................................ (RAC 5921 ...... _ ................... 100 
Zirc.r Products. Inc .................................. (RAC 4351 ...... ........................ 89 

*RAC stands for Reader Action Card. For further infor· 
mation on these advertisers, please write in the RAC 
number on the Reader Action Card in this issue. This 
index is compiled as a service to our readers and adver· 
tisers. Every precaution is taken to insure its accuracy, but 
the publisher assumes no liability for errors or omissions. 

Its removable 
Memory Card 
lets you store 
data for later 
analysis on a PC. 

Thermocouples, RTDs, DC voltage, 
AC voltage (True RMS), frequency, 
resistance - the Data Bucket col
lects data from virtually any sen
sor type. The Memory Card makes 
it easy and convenient to transfer 
data to your PC. 

Call today for 
more information 

and a FREE 
demo disk. 

1-800-443-5853 

@ 1993. John Ruke MIg. Co .• Inc. Ad. No. 00317 

For More Information Write In No. 487 



Exclusive! 
Russia's Top Technologies 

Unveiled For The First Time 

The Cold War is history and 
Ru ia's open for business, 

offering a treasure-trove of pre
viously c1as ified inventions to 
.. companie .You can find the 

best, most commercially-promis
ing Rus ian technologie 
ahead of the crowd - with 
Ru ian Tech Briefs, the official 
technology transfer publication 
of the Ru sian pace Agency. 

This new bimonthly newsletter from the pub
lisher of ASA Tech Briefs features new product ideas, 
licensable inventions, and novel engineering solutions 
in materials science, biotechnology, electronics, com
p uting, environmental technology, manufacturing, and 
more. U ing the Reader Service Form in each issue, you 
can order more detailed technical and licensing infor
mation on particular articles. 

Russian Tech Briefs i your guide to the vast R&D 
resources in the former Soviet Union. Upcoming issues 
will profile Russia's leading technology developers, 
spotlight commercial spinoffs of Ru sian inventions, 
and provide inside advice on partnering with Russian 
organi2ations. 

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

pecial One-Time Offer:Try one sample issue of 
Russian Tech Briefs for just $29.95 - with no further 
obligation unless you are completely atisfied. 

Yes! Start my Russian Tech Briefs 
subscription today for: 

102 

o $ 195.oo-one year (six issues) 
o $250.00 - one year (six issues) plus one year on-line access 

through CompuServe (membership required) 

0$29.95 - one trial issue. I understand I then will be billed for 
the balance of one-year subscription cost but have no obliga
tion ( imply write "cancel" on the invoice and return if you do 
not wish to continue). 

o check enclosed (payable to Associated Business PubUcltions) 

o charge my credit card: D VISA D Mastercard D AmEx 

Card 0. _______ _ _ Expire Dale __ _ 

Signature _______________ _ 

Name 

Company 

CitylSl/Zip 

Phone No. Pax No. 

Mail to:Associated Business Publications,41 East 42nd Street, #921 
NewYork,NY 10017. Or fax to: (212) 986-7864 

THE TECHNOLOGY CONNECTION 
To Advertise Call (800) 944·NASA 

Important Announ(ement 
For All Federal Laboratory 
Technologists & Contractors 
As ociated Busine s Publica
tions is now accepting article 
submissions for the premiere 
edition of Federal Lab Tech 
Briefs, a new series of publi
cations reporting on govern
ment-sponsored technolo
gies for transfer in a variety 
of high-tech fields. The first 
edition, focusing on Test & 
Measurement innovations, 
will be published in Nov
ember. For more information 
write in no. 431 or call Joe 
Pramberger at (212) 49(}3999. 

Engineering, Scientific 
I Technical Software 

Free Catalog! 
C8111.BOO.622.3345 

Software for Science is your 
source for the best value in 
engineering, scientific and 

technical software. 
More than 1,000 products. 

1.312.472.0444 
1.312.472.0472 

2231 N. Clyboom Ave. 
CIUcago. IL 60614-3011 

SBIR Technology 
Of The Year 

Awards 
The first annual Small Bus
iness Innovation Research 
(SBIR) Technology of the 
Year Awards will be pre
ented this November in 

Washington, DC in conjunc
tion with the Technology 
2004 national technology 
transfer conference & expo
sition. Phase II and ill SBIR 
companie that have devel
oped novel, commercially
important technologies and 
p roducts thro u gh SBIR 
funding are invited to sub
mit nominations and exhib
it at Technology 2004. 
For a complete nomination 
package, write in no. 424 or 
call Wayne Pierce at (212) 
490-3999. 
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HiPlo'· 7000 Series 

Our Competition is 
1000;0 Behind Us. 

Hey, facts are facts! The HiPlot 7000 Series 
D- and E-size pen plotters are the best in the world. 

• 100% More Versatility. Our exclusive 
SCAN'(AD accessory allows the HiPlot to 
double as a wide format, 400dpi scanner
for under $2,700! 

• 100% Faster. HiPlot combines 5.7g accelera
tion and 45ips velocity to produce ~ 
plots twice as fast as HP DrakPro (/}""~ • 3-Year Warranty. HiPlot's unique FlexLoop'" 
Plus. It even beats the Designlet'" ~ platen, Hr Grip drive system and Plotting-On-Air 
650C on some drawings. ... 'DllUTlDNmmTEA design revolutionize the way pen plotters handle 

• 100% More Accurate. Even at these higher media. Increased reliability, backed by an 
velocities, HiPlot delivers 0.1 % accuracy com- increase in warranty coverage. 
pared to 0.2% for the Draftpro plus - and the • $300 to $5000 Less. The kicker - you get all 
Designlet 65OC. this speed, quality 

• 100% More Plotter Acceleration Accuracy Plot Time' Intelligence and versatili~ at a 
I tell' HiPiot 7200 5.7g 0.1% 31 minutes Vector Vector I . t n Igence. Sorting Look.Aheod ower price an 
Vector sorting and HP Draftfro Plus 3.0g 0.2% 69 minutes N/A N/A the HP DrakPro Plus 
vector Iook-<Jhead and the Designlet 
minimize motion • Based on plot shown above uSing AutoCW Release 12 on a 386 33MHz computer. 650C. If this makes 

and make HiPlot's curves noticeably smoother you think twice, give us a call for more informa-
than DrakPro Plus and the Designlet 650C. tion and for the HiPlot dealer nearest you. 

HiPlot® 7000 Series 
Surmagraphics. 

'-800-337-8662 
For More Infonnation Write In No. 6 72 
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The screen on our 
new recorder is so big, 

this may be all 
that's · · g. 

Ready for some real wide-screen excitement? 
The real-time monitor on the Gould TA6000 thermal array 
recorder is a full 50% larger than competitive monitors! 
That means you get a clearer view of details as they occur
from 8 to 64 channels of waveforms. Scrolling speeds range 
from 0.0 1 to 200 mm/s, either synchronized or non-synchronized 
with the chart paper. And an optional high resolution color 
monitor is available to view waveforms up to 100 feet away. 

But the show doesn't stop there. With the TA6000 recorder, 
setup is vastly improved: It's simpler since you don't have to 
run the chart, while basic recorder control is accomplished with 
easy-to-use pushbuttons and touchscreen menus. 

This allows faster and more reliable test setups, 
and can generate greater productivity. 

There are more reasons why the TA6000 is getting "thumbs up" 
reviews from everyone who sees it: The modular design is expand
able, with an optional internal hard drive for signal capture that can 
range from 210 megabytes to 1 gigabyte. RS-422 and IEEE-488 
communication ports are standard, and four dedicated slots are 
available for signal conditioning modules so you can expand 
without saCrificing functions. 

The TA6000 is one feature presentation you don't want to miss. 

Call us today for more details at '-
(216) 328-7000, or mail orfax -r GO U lD 
this coupon to (216) 328-7400. Instrument Systems 

Send this coupon and we'll bring the TA6000 andthe popcorn! 
o Yes, I'd like a Gould sales representative to visit with a product 

demonstration of the TA6000! 
o My needs are more shon term at lhis time. Please send me information 

on the advantages of renting from GE RentaVLeasing (l-800-GE-RENTS). 

Name: 

Title: 

Company: 

Address: 

City: State: Zip: 

Telephone: Fax: 

Mail this coupon to the address below or fax it to (216) 328·7400. 
Gould Instrument Systems. Inc.. 8333 Rockside Road. Valley View. OH 44 1 2S. 
Phone: (216) 328-7000. 

NTB 5194 

-For More Infonnlltlon Writ. In No. 494 
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