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YOU CAN DEVELOP ADA CODE WITHOUT ADAMAT.
OF COURSE, YOU CAN SKYDIVE WITHOUT THIS, TOO.

The fact is, when you write
Ada code without using AdaMAT™
you're really putting the quality of
your code at great risk.To be frank,
you're actually inviting poorly written,

unclear and inconsistent code that guarantees
errors during development.

AdaMAT is quite simply, the most
valuable and crucial software engineering tool
that is available today to Ada program devel-
opers. It is the only tool for the prevention of
errors during development. AdaMAT analyzes
Ada code and evaluates it using key quality

characteristics that are based on the most effec-

tive use of the language.
With the use of AdaMAT, potential

errors are detected prior to testing. It lets
programmers insure the quality of their code

earlier in development when errors

= are much less time-consuming

gand costly to fix. So avoid the pitfalls.
“Get your project in on time and right

on budget. Write clean, consistent, accurate, reliable
Ada code. And do it whether you're developing

in the Rational, VAX, SUN, or SCO/UNIX environ-
ments. Call us today at 1-800-522-7321 for com-
plete information. We'd jump at the chance to tell
you all about the immediate benefits you'll receive
using AdaMAT for your

Ada development. ot

B

AdaMAT. The code word for quality Ada.

Dynamics Research Corporation, 60 Frontage Road, Andover, MA 01810
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MORE HIGH PRECISION FITTINGS THAN
ANYWHERE ELSE IN THE WORLD.

Valco Instruments Co. Inc. Valco Europe

PO. Box 55603, Houston, TX 77255 USA Untertannberg 7 CH-6214 Schenkon, Switzerland
Telephone (713) 688-9345 &@ Telephone (045) 21 68 68

Telefax (713) 688-8106 Telex 79-0033 vaiconou Telefax (045) 213020 Telex 868342 vicicH
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NOW TEACS XR SERIES IS
28-CHANNELS WIDE

Intmduc% e worlds first 28-channel VHS data
recorder. The TEAC XR-9000. Now the performance and
capacity of the larger open-reel decks are available with the
convenience, economy and ease of operation of VHS cas-
settes. All within a lightweight, minimum foot print unit.
The XR-9000 offers TEAC's exclusive menu-driven on-

screen display plus numerous auto-functions to provide a sim-

ple step-by-step setup procedure. You can use your computer
to remotely control the XR-9000. And recorded data from the
XR-9000 can be fed directly into a computer.

the world’s first VHS cassette data recorder. Since then, we've
helpeddevelopewryma;ormmmvmmthHSdatamaxdmg
technology. Today we're building VHS data recorders from 7- to
28-channels with models available in Wide Band GroupsIand I,
plus interchangeable FM, Super FM DR, and PCM modules.
And in an industry with little tolerance for error, TEAC's
enviable record of performance and reliability is unsurpassed.
So, if you're looking for greater capacity, with the most
variety of options and models, at the most efficient cost-per-
channel, TEAC XR series data recorders is the

It's been over a decade since TEAC introduced T E AC only place you'll find it.

Information Products Division.

©1990 TEAC AMERICA, INC. 7733 TELEGRAPH RD, MONTEBELLO, CA 90640 WEST (213) 726-0303 EAST (508) 683-8322
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+ONE GIANT STEP FOR ENGINEERING

rig. 3. X and Y coordinate

p = B(t(i) - T).[_-_—_-——

A revolutionary PC based software so advanced,
it will change the way you solve day to day engineering problems.

f’/ \  POWERFUL COMBINATION UNDER "ONE ROOF"

\__/ EOSys is a new engineering language and application package...but EOSys is more...the combination
of E-Language with its applications and utilities is synergistic. The result is a powerful combination of
capabilities assembled in one easy to use package. Its integrated design uniquely combines vivid graphics,
mathematical capabilities, full scope editor and recalculation capabilities by use of E-Language.

EASY TO LEARN AND USE

This powerful, easy to learn and use language is modeled after the human thought process. EOSys is
based on English and math, so if you can read and write in English, you can understand and use
EOSys.

. ONE GIANT STEP FOR ENGINEERS AND SCIENTISTS
i E-Language allows you to write applications and support many of your technical needs. With EOSys
¥ you don't have to be an expert programmer. The only thing required is creativity. The power and
expressiveness of E-Language allows you to attack problems you would not have dreamed of solving
with Computer Aided Engineering programs currently on the market.

ADVANCED COMPONENTS

EOSys is state of the art, featuring a windowing WYSIWYG environment, parametric modeling, on the
fly reconfigurable keymap, mouse interface and on line help. Plus, EOSys provides important basic
facilities such as natural user interface, 350 commonly used functions, and solving equations
including the creation, editing, and solving of complex formulas and graphics. EOSys will print all
analysis in presentation quality documents using regular laser printers.

e e e

Call us for a free EOSys interactive demo disk, available in 5-1/4 and 3-1/2 inch diskettes.

Dial 1-800-EOSys-21, that's 1-800-367-9721.

Available for IBM/AT™ and compatibles. KOy Systesix. Inc.

Thirty day unconditional money back guarantee. mm— 1333 Biue Hills Avenue
e Bloomfield, CT. 06002

For 3-1/2 Inch Diskettes Circle Reader Action No. 598. For 5-1/4 Inch Diskettes Circle Reader Action No. 595.



New cars are expensive ... so is gas!
Let Tufoil® be your key to survival!

“TUFOIL*®
SLIPPERIER
THAN
TEFLON® ™

WHY BUY A NEW CAR?

A new car is one of life’s biggest
investments. Why not put off such a
big expense as long as possible and
at the same time, spend less to run
the car you now own? The money
you save is money in your pocket.

Tens of thousands of drivers are
already using Tufoil to “beat the
system’’. Here’s how it's done ... it's
simple!

ENGINES LAST & LAST

The normal life of an engine is usu-
ally about 100,000 miles, give or take
a few miles either way. This is no
longer the case. By adding 4 ounces
of Tufoil with each oil change,
together with an effective mainten-
ance program, 200,000 miles and
more are not uncommon. But that’s
not all!

Together with this extended engine
life are numerous benefits. For in-
stance, quick acceleration. One user
writes that his car ‘“Takes off like a
scared rabbit!”’

SILKY SMOOTH OPERATION

That’s just the beginning! Easy starts
and better gas mileage are soon
apparent due to the reduction in fric-
tion. Your engine is now free to run
smoooothly.

F
lufOl

* Improved Mileag®
: Stter Performaf‘f’
Easier Starting

* Increased

Engine Lite
®duces Frictio”

'Six U 3. patents

More Pending
BFlL O» 'd

One of our customers put it nicely
when he said, “You can hear it, you
can feel it,” with Tufoil in the engine.

PROVEN EFFECTIVE

Our files bulge with testimonials.
Customers not only call, but write to
us about their fantastic results!
They’re telling friends and relatives.
As a matter of fact they’re spreading

the news about Tufoil all over the
world.

It stands to reason, though. Tufoil is
so unique that even the United
States and Canadian governments
have confirmed it's effectiveness.
One report shows that Tufoil is ac-
tually slipperier than Teflon™!

NO TIME LIKE THE PRESENT

There’s never been a better time to
try Tufoil and prove to yourself and
your car that what everyone’s been
saying is really true! We think you’ll
find it's one of the smartest decisions
you've made. In fact we’re so sure,
we guarantee it’ll work. If you don’t
agree, we’ll gladly refund your
$14.25, the cost of your initial 8
ounce treatment.

So why wait any longer? The sooner
you start, the better! If your car has
over 5-10,000 miles on it, now’s the
time to start! Use the order form
below to baby your car (and your
checkbook). You'll be glad you did!

ORDER TODAY
1-800-922-0075

The Alternative to expencive dniving!

FoReE  Producs 6ased 37 TUFoL

W
R

pOPULA
tested b
TUFO

one with each order of 2 bottles or a quart. Check 2 for each @

mechanisms

O TUFOIL Lightning Grease — Easily sheared grease for
instruments

O TUFOIL Lubit-8 — General purpose, household use
lubricant

hen csS
MECHANILS
fOIL. it reported

\L is absolutely

st:ch\cmm‘

- E Fluoramics, Inc. nresss
KN ey TUPROL Ordrs. .. 18 Industrial Avenue
ONE 8 0z. bottle ... treat one car for i Gridc
$14.25 (plus $3.50 shipping and Mahwah,
handiing). See money back My check or money order for § is enclosed.
guarantee. Charge my credit card:
O Am. Express CMaster Card O Visa
O TWO 8oz bottles ... treattwo cars  Card No.
for $25.00 (plus $4.00 shipping
and handling) SAVE $6.00 Exp. Date
Phone No.
O ONE Quart bottle . . . treat 4 cars
for $34.95 (plus $4.00 shipping  Ne™®
e e Address _V/PS Shipping Ad
[J ONE GALLON . ..treat 16 cars for  City
$125.00 (plus $6.00 shipping and
handling.) ::’. Zp
We ship within days! . residents please add 7% sales tax).
MONEY BACK GUARANTEE ON 8-0Z. Canadian Distributor: 1-800-363-7753
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MIL-C-38999 series Il composite
intermateables. Light, corrosion
resistant, rrrjged like nothing else

in the wo

Our composite-shell circulars (to
MIL-C-38999 rev J) give you everything
you expect from advanced materials. But
their big advantage in toughness comes
from advanced engineering.

Example: the ‘marriage’ of insert and
composite shell. Our composite circulars
are rated for duty from -55°C to 200°C,
with no compromise in performance.

They shrug off severe temperature swings,

SWAMP conditions, and hard daily use
(with a 1500 mating cycle life).

Available with nickel or cadmium-over-

nickel (olive drab) plating, they meet full

EMI shielding standards. They offer tre-
mendous corrosion resistance with signifi-
cant (20%-40%) weight savings. And they're
engineered for existing tooling, existing ;
panel cutouts, and existing inserts, so

you can put them to work right now,

For information on our rugged series-
[T compatible composite connectors, or
our complete line of MIL-C-38999 series
L IL, 111, and 1V qualified offerings
including hermetically sealed and firewall
versions, call 1-800-522-6752. Our dedi-
cated Total Quality Management Team is
ready to help. AMP Aerospace &
Government Systems Sector, Harrisburg,

PA 17105-3608.
-\

AMP is a trademark of AMP Incorporated.

THIS IS AMP TODAY.
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personal computers. The RGB/View accepts Deputy ;im TG“I;"' or(Programs) . F S P‘jm
video signals (NTSC or PAL) from a built-in TV tuner, me" . T,;:.,o,ogy U"m,m Office, NASA Centor
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FLIR input is also available. True color video is
ispl full screen or as a window on the monitor.
displayed full scree as *

« Works with any computer 41 East 42nd Street, Suite 921, New York, NY 10017-5391
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Easily create complex curves &
surfaces with the graphical Formula-
Solver™

anerate contours, surfaces, and cross-
ctions from random X, Y, Z points.

P o
P -
o/‘
b2

o

Choose from 26 graph types for
business, technical, & scientific data.

Filter Response

XY|Z

Launch of the Space Shuttle Discovery

B | &S5

NEW push-button “mouse-menus”
allow easy access to frequently used
features.

Presentation graphics and analysis for scientific users.

Your technical data requires more muscle
and sophistication than basic business
graphics and plotting packages can
provide. It’s simply a matter of using the
right tool for the job. In addition to
publication-quality graphics, you need
powerful analysis tools and capabilities
such as Graftool’s ® Intelligent Data
Cursor™ to read out data points on curves
& surfaces ® Linear & non-linear curve-
fitting ® Unlimited zoom & rotation

® Multiple axes in linear, log, or proba-
bility scales ® Advanced data handling,
allowing over 268,000,000 data points

m Powerful scientific spreadsheet which
can directly read your Lotus or ASCII files

Automate customized graph creation
with pre-recorded macro & batch files.

® Unrestricted placement of graphs & text
= Direct compatibility with Microsoft Word
& WordPerfect.

With Graftool, all this power and
flexibility purr quietly under the hood,
while pop-up menus and push-buttons
bring an ease of use previously unheard
of in scientific software. Just “point &
process” with increased productivity and
greater understanding.

GRAFTOOL — the right tool for your
technical solutions.

GRAFTOOL $495.

m Interactive demo available
® Academic discounts.

Integrate 2-D and 3-D data on a single
graph to add meaning and impact.

2Lk 3-D VISIONS
jr—Call Toll Free for Details

1-800-729-4723

2780 Skypark Drive, Torrance, CA 90505
Circle Reader Action No. 669



Editorial
Notehook

e're delighted to report that Tech-
Wnology 2001, the second national
technology transfer conference and
exhibition, promises to be an even big-
ger success than last year's inaugural
show, Technology 2000. Already more
exhibit space has been reservedin the
San Jose Convention Center than was
used last year in Washington, DC, and
all indications are that attendance will
be at least 50 percent higher than at
Technology 2000.

Expanded to three days, December
3-5, Technology 2001 will have three
times the exhibit space and nearly ten
times the meeting space as Technol-
ogy 2000, to accommodate the large
number of presentations and exhibits
by federal laboratories, their contrac-
tors, and other companies and univer-
sities with innovative, commercially-

If your applications require mathematical programming, you can learn what users the world over have
discovered. The NAG Numerical Libraries or other software products allow you to spend your time
and talents on genuine problem solving, not software development. Your code will be more portable,
your results will be more reliable - all in considerably less time. Take advantage of NAG’s

expertise in any of these fine products:

NAG Fortran Library

A flexible ool for building custom mathematical
applications, includes more than 900 user callable
subroutines frequently required for scientific or
engineering projects.

Resolution

A powerful Mac-based mathematical 100l box with

a graphical user interface designed 10 mimic a scientific
calculator. Provides point and click analysis for 3.D
surfaces, ODE’s, Fourier transforms, matrix calculations
and more.

promising technologies available for
transfer. Some 50 federal labs have
signed on to exhibit and/or present
papers, representing NASA, the Envi-
ronmental Protection Agency, and the
departments of Agriculture, Commerce,
Defense, Energy, Health and Human
Services, Interior, Transportation, and
Veterans Affairs.

The latest news is that this year an
interagency government group (the
agencies that comprise the FCCSET*
Committee on Industry and Technol-
ogy) will hold a meeting on Intelligent
Processing Equipment (IPE) concur-
rently with Technology 2001. IPEisone
of four key technologies for advanced
manufacturing identified by the Na-
tional Critical Technologies Panel in a
recent report to President Bush. It in-
cludes a broad range of computer-
controlled equipment designed to im-
prove the efficiency of manufacturing
processes such as machining, form-
ing, welding, heat-treating, inspecting,
and material handling.

Through symposia, exhibits, and
government-industry discussion ses-
sions, the IPE meeting will report on
current federal R&D efforts in intelli-
gent processing and begin to identify
private sector needs in this area. This

NAG C Library

will lay the groundwork for the transfer
of IPE technology to industry.
Participants willinclude many of the
federal agencies | listed earlier, as well
as the Office of Science and Technol-
ogy Policy and the Office of Manage-
ment and Budget. Arrangements are
also being considered for a lunch or
breakfast talk by a nationally-recog-
nized expert in advanced manufactur-
ing.
Further details on the IPE meeting
will appear in next month’s NASA Tech
Briefs. For more information on the
Technology 2001 conference, turn to
the section in this issue beginning on
page 33.0

(g

* The Federal Coordinating Council on
Science, Engineering, and Technology

Ago Numerical Algorithms Group

Symbolic Algebra Software

NAG’s expertise in mathematics is now available
in a subroutine library developed entirely in C.
Using just one of the many routines can easily
offset the cost of writing your own algorithms.

NAGware F90 Compiler

A true multipass Fortran 90 compiler. Compiles
Fortran 90 code 1o C. Allows the Fortran user (0

take immediate advantage of the full features of
Fortran 90. Available for a2 number of UNIX machines.

NAG markets several symbolic algebra software products.
If your work requires powerful algebraic manipulation
turn to NAG for features and facilities not available

in other packages.

NAG VecPar_77

An interactive CASE tool for vectorizing and
parallelizing Fortran programs. Atain performance
improvements beyond what optimizing compilers may
provide. Ideal for "rejuvenating “ older applications.

For complete details, write NAG or call 708/971-2337.

Circle Reader Action No. 477

THE SCIENTIFIC AND NUMERICAL SOFTWARE SPECIALISTS

Numerical Algorithms Group Inc., 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702 USA Tel: 708/971-2337
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hether space-borne or Earth-
Wbound. advanced robotic sys-

tems will save humanstime and
money, and spare them from health
hazards and tedium. These intelligent
machines will build structures in orbit,
clean up toxic wastes on Earth, and
perform repetitive manufacturing tasks.
Andthat's just the beginning, according
to Dr. Neville Marzwell, the technical
manager of several NASA Small Busi-
ness Innovation Research (SBIR) con-
tracts that aim to produce smarter,
stronger robots. “The rapid evolution of
robotics technology promises to widen
the scope of its application to space
commercialization, mining, and explo-
ration,” Marzwell said.

Marzwell is a member of the Robot-
ics and Automation Systems section at
NASA's Jet Propulsion Laboratory. JPL
provides international leadership in ro-
botics, producing state-of-the-art tech-
nology in areas such as teleoperated
and supervisory control, planning and
scheduling, robotic inspection, en-
hanced sensory systems, and artificial
intelligence. Marzwell, aJPL employee
since 1982, applies this expertise to
NASA's mission of space exploration.
His primary focus is development and
implementation of semiautonomous
systems for assembling space struc-
tures and servicing spacecraft.

Through remote operation of ro-
botic systems, humans can guide many
phases of space construction and ex-
ploration without the high risk and cost
of manned space flight. “It is only by
considering costinthe planning phases
of these enormous projects that we will
realize the vast potential of space ex-
ploration,” said Marzwell, who holds a
PhDin applied physics from the Califor-
nia Institute of Technology.

Many of the latest robotics advances
can also be applied terrestrially. In re-
centyears, NASA has increasingly pro-
moted the timely transfer of space tech-
nology to industry, where robots can
assume dangerous or difficult tasks.
This drive to share knowledge has led
to Marzwell's involvement in various

NASA Tech Briefs, August 1991

A new prototype robot features two
dexterous arms, a movable head, two
CCD cameras for producing stereoscopic

views, and an articulated lower body.
Photo courtesy Scientific Research Associates

SBIR projects. “Through these rela-
tionships,” he said, “NASA helps the
small business community bring tech-
nology to market.”

Having scanned robotics technol-
ogy around the globe, Marzwell consid-
ers it the most promising way to in-
crease business productivity. “Imple-
menting robotic automation has a mul-
tiplier effect on investments by reduc-
ing and avoiding human error and by
affording 24-hour production,” he ex-
plained. “We can greatly increase our
standard of living by automating the
manufacture of key industrial compo-
nents.”

Such promise, he said, can be real-
ized through mechanical systems com-
bining autonomous with teleoperative
functions. Autonomous operation, use-
ful for simple or repetitive jobs such as
unscrewing bolts, is prohibitively ex-
pensive for singular complex tasks.
These are better accomplished with
human guidance. The ideal system will
combine or alternate between au-
tonomy and teleoperation, depending
on the task.

One such flexible system has been

developed through an SBIR contract
with Scientific Research Associates.
The robot has 18 degrees of freedom,
stereoscopic real-time vision, two co-
operatively dexterous arms, and ex-
pandable shoulders, all of which enable
itto perform complex mechanical tasks.
Its arms can wield various tools and
perform precise functions such as re-
placing microelectronic chips and cir:
cuit boards. Moreover, artificial intelli-
gence enables the robot to learn from
its mistakes by storing data from previ-
ous tasks. Although modular in design
for ease of repair and upgrading, the
robot's many subcomponents work in
harmony under the guidance of a local
area network (LAN) computer system.

A second type of manipulator, de-
veloped for JPL by Odetics Inc., is also
highly dexterous but designed to carry
much heavier loads. The lightweight,
high-strength arm features seven de-
grees of freedom and can lift 50 pounds
at Earth gravity. Originally developed
to lift and transport large assembly

(continued on page 92)

Dr. Neville Marzwell oversees several
SBIR projects aimed at producing
smarter, stronger robots for space and
industrial applications.

Photo courtesy JPL




Zero-Spring-Rate Mechanism/
Air Suspension Cart

A zero-spring-rate mechanismy/air sus-
pension cart is to be used for ground testing
of flexible, “‘mass-critical”’ articles like light-

NASA Tech Briefs and having
promising commercial applica-
tions. Each is discussed further
on the referenced page in the

New Product Ideas

New Product Ideas are just  appropriate section in this
a few of the many innovations issue. If you are interested in
described in this issue of developing a product from

technical information by

weight spacecraft undergoing such large
motions as slewing, translation, and tele-
scoping/retraction. The cart is very small
compared to a test article and is easily
adapted to most test facilities.

(See page 69)

these or other NASA innova-
tions, you can receive further

requesting the TSP referenced

Here's all the “tooling up” you

need to build strong enclosures

to your own specs: An ordinary
mallet and a few wrenches.
AMCO's 6061-T6 High Strength
Aluminum Framing System does the
rest. You get extraordinarily strong
enclosures, custom-made for your
application, without long delays.

We can supply the pieces

or build the whole enclosure.
The system consists of extruded
aluminum tubing, corner castings,
locking pieces,non-locking clips

(for prototyping), and accessories.
A relatively concise selection of
standard pieces covers a very broad
range of applications.

®

AMCO's Heavy Duty Aluminum Structural System.

Build enclosures from 8" to 20'
in any 90° plane. Combine big
compartments and small ones
in any combination you need.

Amazingly strong.

Our corner locking methods
actually surpass the strength of
welding. This system has withstood
some very tough applications — like
NASA Airborne, shipboard, ground
support firing systems enclosures
and missile launch systems.

Phone for Catalog #203
Call 1-800-833-3156
In Ilinois, 1-708-671-6670

AMCO Engineering Co.
3801 N. Rose Street
Schiller Park, IL 60176-2190
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at the end of the full-length article
or by writing the Technology
Utilization Office of the sponsoring
NASA center (see page 14).
NASA's patent-licensing program
to encourage commercial develop-
ment is described on page 14.

Integral Plug-Type
Heat-Flux Gauge

A new heat-flux gauge eliminates meas-
urement errors caused by temperature dis-
continuities. Unlike a conventional gauge, the
new gauge is not screwed or welded into
place, but instead a thermoplug and annulus
are electrical-discharge-machined into the
specimen material.

(See page 72)

Compact Apparatus for
Growth of Protein Crystals

A compact vapor-diffusion apparatus for
the growth of protein crystals would enable
experimenters to initiate and terminate
growth by remote or automatic control at
prescribed times. The apparatus would have
few moving parts and would contain no
syringes.

(See page 51)

Making High-Pass Filters
for Submillimeter Waves

A micromachining-and-electroforming
process makes rigid metal meshes with
cells that range in size from 0.002 in. (0.05
mm) to 0.05 in. (1.27 mm) square. These
meshes are used as high-pass filters
(dichroic plates) for submillimeter elec-
tromagnetic waves.

(See page 83)

Stirling-Cycle Cooling
for Tunable Diode Laser

A miniature Stirling-cycle cooler has been
shown to be effective in continuously cool-
ing a PbSnTe tunable diode laser to a stable
operating temperature near 80 K. Such
small, compact coolers can simplify labo-
ratory diode-laser spectroscopy and instru-
ments for use aboard aircraft and balloons.
(See page 16)

Preventing Aim at
an Undesired Target

An avoidance-control-logic subsystem
prevents an instrument from aiming at an
undesired target. The subsystem could be
used to protect delicate photodetectorsin
a servocontrolled infrared spectrometer or
imaging instrument against damage from
excessively bright object.

(See page 24)
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“New
Mathcad 3.0.

When number-crunchi

time comes,

does work grind to a screeching halt?

Want a better way to do technical calcula-
tions than a spreadsheet or calculator—an
obstacle clearer instead of an obstacle creator?

You need new Mathcad 3.0, the crunch-
those-numbers, and deliver-results-in-a-
second calculation software.

As in-depth as you want, as routine as you
need. Matgad 3.0 does everything from
averages to FFTs, from percentages to matri-
ca.r%l?nost every function you’ll ever need
is built in for rapid, effortless calculations.

New Electronic Handbooks make it easy
to click-n-paste hundreds of standard for-
mulas, useful data, even entire calculations
into your documents. And a full range of
add-on Applications Packs help you solve
problems specific to your profession.

Mathcad’s new easy to learn and use
Windows 3.0 interface has you up and
running in hours—not days. Best of all,
Mathcad is just plain fast.

Simply plug in data and you’re done—
Mathcad does all the work for you. It does
the calculations. Automatically updates
results when you change a variable in the
live document. It graphs in 2-D or 3-D.
And prints results in presentation-quality
documents, complete with equations
in real math notation. In the blink of an
eye—numbers crunched—and you’re back
to work.

Meet the Mathcad 3.0 power list:

» New casy to learn and use Microsoft
Windows 3.0 interface

« New Electronic Handbooks and Applica-
tions Packs provide solutions for Electrical,
Mechanical, Civil and Chemical Engineer-
ing, Statistics, Advanced Math, and Numer-
ical Methods

* New symbolic calculations performed
more easily than with any other product

* Does exponentials, integrals, matrices,
and more

« 2-D and 3-D graphics nNn
« Prints high-qﬁzﬁy PR _
documentation B
» PC DOS, Macintosh® and MAGAZINE!
Unix® versions also available EDITORS
For a free Mathcad 3.0 LLHOICE
demo disk, or upgrade informa- | 3icses
tion*, call 1-8 ATHCAD gy

(or 617-577-1017, Fax 617-
577-8829). Or see your software dealer.
Available for IBM* compatibles, Macintosh
computers, and UNIX workstations.

TM™ and ® signify manufacturer's trademark or registered trademark
respectively

1-800-MATHCAD
'Hmmzzﬂpuwz 5 for DOS from

The answer is

Mathcad

MathSoft, Inc.
201 Broadway, Cambridge, MA 02139 USA 2

Australia: Hearne (03) 866 1766; Belgium: SCIA 013/55 17 75; Denmark: Engberg 42 25 17 77; Finland: Zencx 90-692-7677; France: ISE-Cegos (1) 46 09 24 00; Germany: Softline (078 02) 4036; Italy: Channel 12-90091773; Japan: CRC 03-3665-9741;
Netherlands: Klaasing 01620-81600; Norway: Protech 09-959020; Switzertand: Redacom 032 41 01 11; U.K.: Adept Scicntific (0462) 480055. In other locations, contact MathSoft, USA.
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TECHNOLOGY

(TU) Network. But a TECH BRIEFS subscription represents only a fraction of

m vw W m kyw'mmmumusﬂmmmmmﬁumd
one of the low-and no-cost services provided by NASA's Technology Utilization
m m the technical information and applications/engineering services offered by the
7 ! TU Network as a whole. In fact, when all of the components of NASA's
Technology Utilization Network are considered. TECH BRIEFS represents the

proverbial tip of the iceberg.
“‘mm We've outlined below NASA's TU Network—named the participants, de-

1 R

information relating to your specific needs. We encourage you to make use of
the information, access, and applications services offered by NASA's Technol-
« ogy Utilization Network.

How You Can Utilize NASA's Industrial Applications Centers—A nationwide network offering a broad
range of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The ‘“user friendly” IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the ten IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
inthefield. You can obtain more information about these services by calling or writing the nearest IAC. User fees are charged for IAC information services.

Aerospace Research
Center (ARAC)

Indianapolis Center for Advanced

Research
611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director

(317) 262-5036

Central Industrial Applications

Center/NASA (CIAC)
Rural Enterprises, Inc.
Post Office Box 1335
Durant, OK 74702

Dr. Dickie Deel, Director
(405) 924-5094

(800) 658-2823 (toll-free U.S.)
Science and Technology
Research Center (STRC)

Post Office Box 12235

Research Triangle Park,
NC 27708-2235

H.L. (Lynn) Reese, Director

(919) 549-0671

NASA Industrial Applications
Ctr. 823 William Pitt Union

University of Pittsburgh
Pittsburgh, PA 15260
Lani Hummel
Executive Director
(412) 648-7000
Southern Technology

Applications Center (STAC)

Post Office Box 24

Progress Ctr., One Progress Bivd.

Alachua, FL 32615

J. Ronald Thornton, Director

(904) 462-3913
(800) 354-4832 (FL only)

(800) 225-0308 (toll-free US)

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

NASA/UK Technology NASA Industrial Applications
Technology Applications Center Center

University of Kentucky University of Southern California
109 Kinkead Hall Research Annex

Lexington, KY 40506-0057
William R. Strong, Director
(606) 257-6322

NERAC, Inc.

One Technology Drive

3716 South Hope Street

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

(800) 642-2872 (CA only)
Tolland, CT 06084 (800) 872-7477 (toll-free US)
Dr. Daniel U. Wilde, President NASA/SU Industrial Applications
(203) 872-7000 Center

Technology Application Center Southern University Department
(TAC) of Computer Science

University of New Mexico Post Office Box 9737
Albuquerque, NM 87131 Baton Rouge, LA 70813-9737
Dr. Stanley A. Morain, Director Dr. John Hubbell, Director

(505) 277-3622 (504) 771-6272

(504) 771-4950

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

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA

reference number at the end of the Tech Brief.

Ames Research Ctr. John C. Stennis Langley Research Ctr.
Technology Utilization Space Center Technology Utilization
Officer:Geoffrey S. Lee Technology Utilization Officer: Joseph J. Mathis Jr.
Mail Code 223-3 Officer: Robert Deputy Head, TU Office
Moffett Field, CA 94035 Barlow Mail Stop 139A

(415) 604-4044 Code HA-30 Hampton, VA 23665

Patent Counsel: Stennis Space Center, (804) 864-2484

Darrell G. Brekke MS 39529 Patent Counsel:

Mail Code 200-11 (601) 688-2042 George F. Helfrich
Moffett Field, CA 94035 John F. Kennedy Mail Code 279

(415) 604-5104 Space Center Hampton, VA 23665
Lewis Research Center  Technology Utilization (804) 864-3523
Technology Utilization Officer: Thomas M. Goddard Space Flight
Officer: Anthony F. Hammond Center

Ratajczak Mail Stop PT-PMO-A Technology Utilization
Mail Stop 7-3 Kennedy Space Officer: Donald S.
21000 Brookpark Road Center, FL 32899 Friedman

Cleveland, OH 44135 (407) 867-3017 Mail Code 702.1

(216) 433-2225 Patent Counsel: Greenbelt, MD 20771
Patent Counsel: Bill Sheehan (301) 286-6242

Gene E. Shook Mail Code PT-PAT Patent Counsel:

Mail Code LE-LAW Kennedy Space R. Dennis Marchant
21000 Brookpark Road Center, FL 32899 Mail Code 204
Cleveland, OH 44135 (407) 867-2544 Greenbelt, MD 20771
(216) 433-5753 (301) 286-7351

Jet Propuilsion Lab.
NASA Resident Office
Technology Utilization
Officer: Arif Husain
Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4862
Patent Counsel:
Thomas H. Jones
Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-5179
Technology Utilization
Mgr. for JPL: Dr. Nor-
man L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Attorney:
William L. Broad

Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code IC-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(703) 557-5598
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(202) 453-2424

A Shortcut To Software: COSMIC®—For software developed with
NASA funding, contact COSMIC, NASA's Computer Software Manage-
ment and Information Center. New and updated programs are an-
nounced in the Computer Programs section. COSMIC publishes an
annual software catalog. For more information call or write: COSMIC?,
382 East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)

542-32665.

If You Have a Question..NASA Center For AeroSpace Infor-
mation can answer questions about NASA's Technology Utilization
Network and its services and documents. The CASI staff supplies
documents and provides referrals. Call, write or use the feedback card
in this issue to contact: NASA Center For AeroSpace Information,
Technology Utilization Office, P.O. Box 8757, Baltimore, MD 21240-
0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 245.
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Perception vs.

Seeing isn't always believing. As good
as human eyesight is, there are times
when it just isn't good enough. For
example, in the world of high speed,
high tolerance manufacturing,
assembly and testing, it’s as easy to
be deceived by what you see. As by
what you don't.

The HSV 1000 Motion Analyzer
enables you to see the error of your
ways — faster and more accurately
than humanly possible. 1000 pictures
per second. In color. Slow motion.
Stop frame or reverse. Which means
industrial engineers and quality control
specialist not only have a new way of
identifying problems. They have a
better way of analyzing and solving
them. And that can save millions of
dollars, hundreds of man-hours and
days of down-time.

g

[ntroducing the first Motion Analyzer that lets you see
what can't be seen, in color at 1000 pictures per second.

* Full 14 minute Super VHS recording format for

fast and easy review.

* Frame by frame playback in slow-motion,

forward and reverse.

» Scene & time codes recorded by camera and

displayed simultaneously on monitor.

......
fh "y %

MWk ] e SR

What’s more, the HSV 1000 Motion
Analyzer combines features, reliability
and ease of use that leave the comp-
etition out of the picture. With ours
you get to look at up to 14 minutes of
continuous recording in Super VHS
high resolution color. With theirs,
you're just looking at Black & White.

For an eye opening demonstration of
what High Speed Motion Analysis is
all about, call the only people who
can show you the difference between
perception and deception. In color at
1000 frames per second.

1-800-622-1162
1011-F West Alameda Avenue
Burbank, California 91506

-Circle Reader Action No. 639
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Switched-Capacitor Voltage Multiplier

High voltage is generated without a transformer
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A dc-to-dc power converter multiplies
the input supply potential by a factor of
nearly 40, without using a transformer. The
converter is suitable for high-voltage, low-
current applications. During tests, the con-
verter stepped-up 90 V dc from a dry bat-
tery to 3.3 kV dc, at currents up to several
microarnperes.

The converter (see figure) includes a
first bank of five capacitors, C, through
Cs, a second bank of eight capacitors, Cg
through C,5, and a filter capacitor, C;. The
capacitors are connected to each other
through a network of optically isolated
solid-state switching devices, r; through
Iy @nd s, through s,q. A controller that
contains transistor/transistor-logic integrat-
ed circuits generates a two-phase switch-
controlling signal.

At the beginning of the first half cycle,
the r switches are turned off and the s
switches are turned on, thereby connect-
ing C, through C, in parallel, to the input
voltage, V,, and disconnecting these
capacitors from the others. These capaci-
tors quickly charge up to V.. At the begin-
ning of the next half cycle, the s switches

are turned off and the r switches are turned
on; this disconnects C, through Cg from
the power supply and connects them in
series so that, in combination, they act as
an intermediate source of voltage V' =
5V, At the same time, Cg through C,, are
connected in parallel to the series com-
bination of C, through C, thereby charg-
ing Cg through C,5 to nearly the interme-
diate source voltage V'

At the beginning of the next half cycle
(which is the same as the first half cycle),
Cg through C,, are connected to each
other in series, disconnected from C,
through Cg, and connected to C; and the
load. The series combination of C4 through
C,5 acts as a source of voltage 8V, =
40V,. This source voltage charges C;, which
in turn supplies current to the load. In prac-
tice the actual voltage gain is slightly less
than 40. The reasons for this reduction are
as follows: Because of non-zero conduc-
tance, a small amount of intra-circuit cur-
rent exists during the off state of the solid-
state relay, this gives rise to unwanted
discharge of the capacitors. Secondly, the
present switching frequency is rather low

(125 Hz), and so the time the relays remain
on or off is much higher than the charg-
ing time of the capacitors, resulting in poor
utilization of the capacitors. A better gain
figure and a lower percentage ripple are
bound to occur if higher frequency of is
used.

The proposed dc-to-high voltage dc con-
verter has the following attributes. The
design does not make use of transformers
or inductors but instead effects voltage
boost-up by capacitive energy transfer. The
circuit is primarily made up of banks of
capacitors, connected by a network of
integrated-circuit relays. The converter is
functionally a linear voltage amplifier with
a fixed gain figure. It is truly bipolar in op-
eration (the input voltage and the output
voltage have the same polarity). The out-
put is fully floating, and there is excellent
dc isolation between the input and output
terminals.

This work was done by Govind Sridharan
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 78 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office - JPL [see page 14]. Refer to
NPO-17994.

Vj (Typically,
90 V): Supply
Voltage To
Be Multiplied

Load (Typically,
375 MQ)

33kV)

2

I. Vo (Typicaly,

Control Signals
| forrands
Switches

for Controller

5V Power Supply

Ideally,
Vi =5V
Vo = 8V{ = 40V,

Capacitors in Two Banks are alternately charged in parallel and discharged in series. This switching-and-charging action multiplies
the input voltage V, by a factor of as much as 40.

Stirling-Cycle Cooling for Tunable Diode Laser

Small coolers can simplify laboratory spectroscopy and lighten airborne instruments.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A miniature Stirling-cycle cooler has
been shown to be effective in continuously

16

cooling a PbSrife tunable diode laser to a
stable operating temperature near 80 K.

The cooler — a commercially available
unit — occupies a volume of only 80 in.3

NASA Tech Briefs, August 1991




PRINCIPLES OF QUALITY MEASUREMENT: AN INTRODUCTION.

INSTRUMENTS FOR THE MEASUREMENT EXPERT.

ter years of “do it faster,” the new
essage is “get it right.” The pursuit
‘perfection starts with quality
easurements. And quality
easurements start with you.

At your level, “good enough”
never good enough. Accuracy
:stter than 1% is part of the
an. So is capturing events the 8 5
st time — with absolute
irtainty — because you may not
it a second chance.
You can't ask for performance
ce that from the scopes you used
ick in school.

You need measurements you
in believe, from instruments you can
ast. We see things
€ same way. 1), X

1376

range, fine signal detail, long event
duration, tricky grounding, critical
triggering or hundreds of other
challenges, Nicolet is the
measurement expert'’s choice.

Of course, we offer the best
specifications. But more than that, our
whole approach to
specifications matches
your own: conservative,
tight, dead accurate. That's
why precision instrument technology
from Nicolet has helped thousands of
measurement experts “get it right” for
almost twenty years.

We're as dedicated to quality
measurement as you are.

_, Evaluate our digital

'hether you face Gy
ide dynamic R

¢ oscilloscopes or multi-channel

e, (1)

transient analyzers for your

critical measurements: call
1-800-356-8088 or circle the reader
service number right now.

Nicolet

INSTRUMENTS OF DISCOVERY

Nicolet Test Instruments

Madison, Wisconsin, USA 53711-4495
608/271-3333, FAX 608/273-5061

In Canada Call: 800-387-3385
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Figure 1. This Infrared-Absorption apparatus was used to measure the short-term frequency
drift of the tunable diode laser by reference to a known spectral line of N,O.

(1,300 cm?3) and weighs only 3 Ib (1.4 kg).
Such small, compact coolers can simplify
laboratory diode-laser spectroscopy and
instruments for use aboard aircraft and
balloons.

Continuous stabilization of the temper-
ature near 80 K and minimization of a-
coustic coupling are required to keep the
laser output within a narrow frequency
band for a long time in a typical scientific
or military application. Although liquid ni-
trogen cools to 77 K with minimal acoustic
coupling, cooling ceases when the liquid
evaporates. A conventional mechanical
cryogenic system can provide the required
continuous cooling, but is much larger
[7,500 in.3 (1.2%x10° cm3)] and heavier
[170 Ib (77 kg)] and produces sufficient
undesired acoustic coupling to increase
the half bandwidth of the laser output to
the range of 30 to 50 MHz.

The combination of the PbSrile tunable
diode laser and the Stirling-cycle cooler
was demonstrated in the infrared-absorp-
tion apparatus illustrated schematically in
Figure 1. The laser, excited with currents
ranging from 130 to 180 mA, operated at
a wavelength near 8.4 um. The laser was
mounted on a copper block attached to
the cold finger of the Stirling-cycle cooler.
For additional stabilization of temperature,
a heater wire was attached to the side of
the block opposite the laser and a temper-
ature-sensing silicon diode was mounted
on the block midway between the heater
wire and the laser. The cooler took about
1 h to bring the temperature from ambient
down to about 80 K and about 1 additional
hour to stabilize the temperature within
+1 mK of a steady value.

The short-term frequency drift of the
laser was measured in the spectroscopic

Intensity of Absorption, Arbitrary Units

Intensity of Absorption, Arbitrary Units

WITHOUT STABILIZATION OF TEMPERATURE

[l s {
N g
T T
ﬂvl \/
Laser Current

WITH STABILIZATION OF TEMPERATURE

| 20mA >

s

Laser Current

Figure 2. The Intensity of Absorption in the
1187.8787 cm~' absorption line of N,O was
measured as a function of laser current. These
scans were recorded at intervals of 2 min.

apparatus by use of the 1187.8787 cm ™!
(wavelength 8.41836797 um) spectral line
of the N,O gas in the absorption cell.
Without stabilization of the temperature,
this spectral line was observed to drift to
lower laser currents, indicating slow warm-
ing of the laser. When the temperature was
stabilized, this spectral line remained near
a fixed laser current (see Figure 2). The
half bandwidth of the laser output was 21
+2 MHz — about 10 to 30 MHz narrower
than that of a laser cooled by a conven-
tional mechanical cryogenic system.

This work was done by Santo S. Durso,
Randy D. May, Matthew A. Tuchscherer,
and Christopher R. Webster of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 137 on the TSP
Request Card. NPO-18045

Five-Segment Interconnection for Electromigration Tests
A test pattern would conform to standards.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed integrated-circuit conduc-
tive pattern (see figure) is intended for use
in electromigration lifetime testing of the
interconnection lines of integrated circuits.
The pattern is designed for the collection
of statistics on electromigration from the
smallest possible area. It includes 5 inter-
connection segments with Kelvin voltage
taps, with a total of 12 contact pads, and
provides for simultaneous measurements
on all of the segments. The pattern attempts
to minimize thermal gradients within each
segment and conforms to the guidelines
on electromigration test structures pro-
mulgated by the National Institute of Stand-
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ards and Technology (NIST).

The critical design parameters are the
width, W, and the length, L, of each of the
test lines (the five segments); the width,
W, and the length, L, of the lines that
make contact with the ends of the test
lines; and the width, W), of the current
taps. From the NIST guidelines, L = 800
pm. To minimize the thermal gradients at
the ends of the test lines, W, = 2W,
while L, = 10W. To minimize both spatial
and temporal nonuniformities in heating,
the widths of the current taps should
satisfy the relationship W, = 10W, in the
figure, W, = 15W is used.

The separation between adjacent test
lines is not critical. The larger the separa-
tion, the smaller the thermal interaction
between the test lines. However, even at
separations as wide as 1,000 um, this ther-
mal coupling cannot be ignored and must
be included in the analysis of the results
of the test. In the figure, the separation be-
tween adjacent test lines is 10W.

The U-shaped pieces that join adjacent
test lines should be uniform in design to
facilitate the mathematical modeling of the
flow of current in resistance thermometry.
A less-critical design parameter is the
width, W, of the arms of the U-shaped

NASA Tech Briefs, August 1991
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pieces: W, should equal or exceed Wp.
In the figure, W, = 4W = 2W,.

The contact-pad pattern shown in the
figure has twice the height of the pattern
of contact-pad probes now in use at
several foundries that make GaAs inte-
grated circuits. This new pattern should
facilitate both bonding and probing.

Given the size of the contact-pad pat-
tern and the foregoing design criteria, W
is constrained to be less than about 3 um.
To use wider test lines, one would have
to decrease the distance between them
or use fewer of them.

This work was done by David J.
Hannaman and Martin G. Buehler of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 141
on the TSP Request Card.

NPO-18105
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This Integrated-Circuit Conductive Pattern is designed for measurements that generate

data on electromigration in the test lines.

Reducing Cross-Polarized Radiation

From a Microstrip Antenna
Electromagnetic modes of higher order are suppressed.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A change in the configuration of the
feed of a nominally linearly polarized mi-
crostrip-patch transmitting array antenna
reduces the cross-polarized component of
its radiation. It is desirable to reduce the
cross-polarized component because this
component can adversely affect the sym-
metry of the radiated beam and because
it produces little or no useful signal power
in another antenna aligned to receive in
the expected polarization.

To make it operable over a wide frequen-
cy band, a microstrip antenna is usually
constructed on a thick dielectric substrate.
Unfortunately, a thick substrate supports
the higher-order electromagnetic modes
that give rise to asymmetry and cross
polarization. Previously, all the microstrip
patches in an array antenna were fed in
the same phase, at the same location
relative to the center of each patch (see
Figure 1). This asymmetrical arrangement
can result in significant excitation of higher-
order modes. In the new configuration, the
patches are fed on opposing sides, in op-
posite phases. This combination of spatial
symmetry and temporal asymmetry causes
the copolarized components of radiation
from the fundamental modes of the patch-
es to reinforce each other and the cross-
polarized components of radiation from the
higher-order modes to cancel each other.

To test this concept, two microstrip an-
tennas like those shown in Figure 1 were
constructed. The patches were 3.025-in.
(7.68-cm) squares, and the substrate was
1/2-in. (12.7-mm)-thick foam with a dielec-
tric constant of 1.05. The antennas were
designed to resonate at frequencies from

20

1.55 to 1.66 GHz, and the distance be-
tween the elements along both principal
axes was 0.6 wavelength at the middle
frequency.

Figure 2 contains plots of measured and
calculated intensities of the copolarized
and cross-polarized components of radia-
tion from the two antennas in the mag-
netic-field plane of the nominal radiated
beam. These plots show clearly that the
cross-polarized component is reduced by
the new feed configuration.

This work was done by John Huang of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 126
on the TSP Request Card. NPO-18147

Electric-Field
(E) Plane

Magnetic-Field
(H) Plane

NEW CONFIGURATION

LR
L & 283

~40. -30. -20.
Relative Intensity, dB
NEW CONFIGURATION

-10. 0

Figure 1. Linearly-Polarized 2-
by-2 Microstrip Antennas can
be fedin several alternative con-
figurations, including the two
shown here. The old configura-
tion favored the generation of
electromagnetic modes of higher
order;the new configuration sup-
presses them.

Figure 2. These H-Plane Radia-
tion Patterns were produced at
a frequency of 1.55 GHz by an-
tennas like those described in
Figure 1 andthe text. The O°line
is perpendicular to the plane of
the antenna.
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Spatial Light Modulator Would Serve as Electronic Iris

The brightness of the image would be adjustable in many discrete steps.
Marshall Space Flight Center, Alabama

In a proposed technique for controlling
the brightness of an image formed by a
lens, a spatial light modulator would serve
as a segmented, electronically variable ap-
erture. The technique offers several advan-
tages: The spatial light modulator could be
controlled remotely and would respond
faster than a motorized iris or other re-
motely controlled mechanical iris does.
Unlike an iris, the spatial light modulator

could be configured so as not to vary the
depth of field appreciably. Unlike a lead
lanthanum zirconate titanate crystal, which
could also be used to control the bright-
ness, a spatial light modulator does not re-
quire high voltage.

A spatial light modulator is a two-dimen-
sional array of electro-optical elements,
each of which can be switched between
a state of transparency or a state of opacity
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A Spatial Light Modulator placed at or
near the principal plane of a lens would
act as a segmented, electronically vari-
able aperture.

(intermediate states are not available). A
typical device of this type contains 128 by
128 elements. In the proposed technique,
the spatial light modulator would be placed
in or near the principal plane of the lens
(see figure).

If all the elements of the spatial light
modulator were transparent, the image
would be at full brightness. If one of the
elements were made opaque, all of the im-
age rays passing through that element
would be stopped. Inasmuch as each point
of the principal plane receives light from
all points of the object plane, the opacity
of that element would reduce the overall
intensity of the image somewhat. Similar-
ly, the image could be darkened further by
making more elements opaque.

Provided that the spatial light modulator
covered the full aperture of the lens but
no more, the brightness of the image could
thus be reduced or increased in a large
number of increments (eg., 1282 =
16,384) from full opacity to full transparen-
cy. The depth of field would not be affected
appreciably as long as the elements were
turned transparent or opaque in a random
spatial pattern. However, if it were desired
to mimic an iris and vary the depth of field,
this could be done by turning the elements
on or off in a pattern that approximated an
opening or closing circle of transparency
surrounded by opacity.

This work was done by David A. Gutow
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer
to MFS-29758.
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Betavoltaics of Increased Power

Long-lived cells would derive power from radioactive sources.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Batteries of newly developed betavoltaic
cells have been proposed as long-lived
sources of power of the order of watts. In-
tended for use aboard spacecraft, bat-
teries of this type might also be used, for
example, in surgically implanted devices
requiring high power. Heretofore, betavol-
taics have been used in surgically im-
planted devices — specifically, heart pace-
makers, but these consume powers of no
more than a few microwatts.

A betavoltaic cell functions analogous-
ly to a photovoltaic cell, except that the role
of the photons is played by energetic elec-
trons (8 particles) generated by the ra-
dioactive decay of a suitable material. The
B particles traverse the cell, losing kinetic
energy and creating pairs of holes and
electrons. Those holes and electrons that
lie within a diffusion length of the p/n junc-
tion of the cell are swept across the junc-
tion and contribute to the output current
of the cell. An equivalent circuit for such
a cell is identical to that of a solar photo-
voltaic cell.

Previously, betavoltaics were not con-
sidered for supplying powers of the order
of watts because available materials pro-
ST "

BETAVOLTAIC CELL

vided low energy-conversion efficiencies
and were vulnerable to damage by the
high-energy incident g particles. However,
the energy-conversion efficiencies of
recently developed betavoltaic cells are
appreciably greater than those of the pre-
vious cells. In addition, it appears that
betavoltaic cells can be produced eco-
nomically in quantity by use of solar-cell
technology.

The figure illustrates a conceptual beta-
voltaic cell and battery. The cell would be
a simple p/n-junction device to which a
layer of g-emitting material would be at-
tached. There would be an optimum thick-
ness for the g-emitting layers: each layer
would have to be thick enough to emit a
sufficient number of particles, but diminish-
ing returns would be reached at thick-
nesses great enough to result in the reab-
sorption of the emitted particles. A battery
would contain a stack of g-emitting layers
interspersed with enough p/n-junction de-
vices to stop most of the g particles. The
battery would be encased in a suitable -
backscattering material to prevent any 8
particles from escaping.

veloped. GaP is believed to be particular-
ly suitable because it has relatively wide
energy-band gaps of 2.2 eV (indirect) and
2.7 eV (direct) and because a wide gap is
associated with the ability to resist dam-
age by the g particles. The GaP cell is a
p/n device, grown and diffused by liquid-
phase epitaxy. The measured power-
conversion efficiency for the particular cell
is 8.4 percent, and the theoretically at-
tainable power-conversion efficiency of
GaP cells in general is almost 25 percent.

The most suitable source of g particles
for high power applications appears to be
%0gr (which has a half life of 28 years).
Preliminary calculations indicate that a bat-
tery with ®°Sr sources could be made to
have an initial specific power of about 3
WIkg. Similar calculations for cells made
with 204T| 8 emitters (half life 4 years) in-
dicate an initial specific power as high as
8 Wikg.

This work was done by Frederick S. Pool
and Paul Stella of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 32 on the TSP Request
Card.

NPO-17817
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A High-Power Betavoltaic Cell of the type envisioned would resemble
asolarphotovoltaic cell, except thatitwould include a layer of B-emitting
material. A betavoltaic battery would differ from a photovoltaic battery in
that the cells would be stacked as in a chemical battery, and would be
surrounded by a material that would contain the [ rays.
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Preventing Aim at an Undesired Target

Avoidance-control logic interrupts normal attitude-control logic when necessary.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An electronic system that controls
changes in the orientation of an optical
instrument includes an avoidance-control-
logic subsystem that prevents the instru-
ment from aiming at an undesired target.
For example, it could be used to protect
delicate photodetectors in a servocon-
trolled infrared spectrometer or imaging in-
strument against the damage that could
occur if the instrument were aimed at the
Sun or another excessively bright object.

In stationary operation, another part of
the overall control system controls the
torque applied to the instrument in such
a way as to minimize the angular error be-
tween the line of sight of the instrument
and the commanded line of sight. When
the instrument is commanded to turn to
a new line of sight, signals from rotation-
rate sensors (eg., gyroscopes) are proc-
essed into transformed coordinates and
used along with the angle-error signals to
control the slew — the rapid turn through
most of the angular interval between the
old and new commanded orientations (see
Figure 1). To obtain the shortest possible

Figure 1. The Slew-Control System includes avoidance-control
logic, which overrides the slew-control error generator when the line of
sight of the instrument comes within a cone of avoidance around the line

rotation, the line of sight is ordinarily slewed
in the plane that contains the old and new
commanded lines of sight. The desired
motion is obtained by controlling the ap-
plied torques so as to make the instrument
rotate about a slewing axis perpendicular
to this plane.

The instrument is equipped with a Sun
sensor that indicates the orientation of the
line of sight to the Sun relative to the line
of sight of the instrument. The avoidance
control logic does not affect the motion un-
til and unless, at some point along the
slewing trajectory, these two lines of sight
come within an angle 8 of each other; that
is, the avoidance-control logic remains in-
operative until the line of sight of the in-
strument enters a cone of avoidance of
half apex angle 6 about the line of sight
to the Sun.

Once activated, the avoidance control
logic interrupts the normal control logic.
It then calculates a succession of tem-
porary slewing axes and associated ac-
tuator torques so as to make the line of
sight follow the shorter of the two trajec-

tories around the cone of avoidance. Once
sensors indicate that the line of sight has
reached the end of the trajectory around
the cone of avoidance, the avoidance con-
trol logic is deactivated, the normal con-
trol logic resumes operation, and the in-
strument starts to turn again on the original
slewing axis toward the new command-
ed target.

This work was done by Neil E. Goodzeit
of General Electric Co. for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 91 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 ad-
dressed to

William H. Meise, Patent Counsel

General Electric Co.

One Independence Wage

PO. Box 2023

Princeton, N.J. 08540
Refer to NPO-18077, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Distributed-Computer System Optimizes SRB Joints

Productivity is enhanced fourfold.
Langley Research Center, Hampton, Virginia

Initial calculations of a redesign of the
joint on the solid rocket booster (SRB) that

24

failed during the Space Shuttle tragedy
showed that the redesign increased the

weight. Optimization techniques were to
be applied to determine whether the weight
could be reduced while keeping the joint
closed and limiting the stresses. To enable
engineers to examine as many alternatives

NASA Tech Briefs, August 1991
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as possible, an analysis system was de-
veloped by use of existing software that
coupled structural analysis with optimiza-
tion computations.

The software of this system was de-
signed to be executable on a network of
computer workstations. This system took
advantage of the parallelism offered by the
finite-difference technique of computing
gradients to enable several workstations
to contribute simultaneously to the solu-
tion of the problem. The resulting system
reduced the time to complete one op-
timization cycle from 2 hours to one-half
hour, with a potential of reducing it to 15
minutes.

The major tools used for this project

were the hardware (DEC MicroVAX com-
puter workstations and DEC 11/785 mini-
computer), the software (PROSSS, Pro-
gramming System for Structural Syn-
thesis), and the networks (DECnet and
LaRCNET).

PROSSS, a system of computer pro-
grams that combines structural analysis
and optimization, was chosen as the soft-
ware tool because the majority of the code
in PROSSS was independent of the type
of problem being solved. In addition,
PROSSS had been converted earlier to run
on the workstations and had been verified
with the standard test cases. EAL (Engi-
neering Analysis Language) was chosen
for the structural analysis.

Designing the Future \
with Algor

"Algor’s FEA Design System has excellent processors, powerful graphics
and accuracy at a price that has no match on the market" Stefan B. Delin,
Ph.D., Sr. Analytical Engineer, Schaeffer Magnetics, Inc., Chatsworth, CA.

When Schaeffer Magnetics, a com-
pany with 24 years of spaceflight
component design experience, was
asked to provide actuators for NASA's
Flight Telerobotic Servicer (FTS), they
turned to Algor engineering software
to optimize their design.

The FTS is designed to perform a
variety of tasks in space, including
the assembly and maintenance of
spacecraft. The actuators are the
"joints" for the arms and legs of the
FTS. There is no room for compromise
in the design of such critical com-
ponents for this vital system. That's
why Schaeffer Magnetics chose Algor.

Algor engineering software is the
choice of more than 5,000 engineers
worldwide because it's more powerful,
easier to use, better supported and
less costly than competitive systems.

High level service at low cost is a
key component of Algor's success.
Every Algor customer gets a full year
of technical support and free
upgrades, a monthly newsletter and
access to a low cost, long term main-
tenance program. Plus, Algor per-
forms training classes and
customized, on-site seminars almost
every day.

Schaeffer Magnetics is building the
future with Algor. You can, too. Phone
or fax today for our comprehensive
technical literature package.
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The workstations and central minicom-
puter complex were connected by the two
networks. The DECnet (the DEC software
and hardware that enable different DEC
operating systems to operate as a net-
work) connected the workstations through
an Ethernet circuit. The LaRCNET is the
local-area network developed specifical-
ly for NASA's Langley Research Center to
provide a center-wide capability for
transferring data files among distributed
systems of computers from multiple
vendors.

Initially, PROSSS was executed sequen-
tially on a single workstation. With a four-
workstation distributed system, time was
decreased by approximately a factor of 4.
One workstation was used as the controll-
ing system. The front processor, run as a
stand-alone program on the controlling
workstation, was modified to loop through
the design variables, perturbing them one
at a time and creating a separate file for
each design variable with the changed
shape in the form of updated joint loca-
tions. All workstations were sent a com-
mand file with checks to prevent them
from executing until all of the required data
were available. Once the analysis of the
mathematical model with a perturbed
shape was completed, an EAL library file
containing the objective function, stresses,
and reactions was sent to the controlling
workstation. If the model was optimized,
the system stopped; otherwise, it looped
back to the front processor to begin a new
cycle with a new shape determined by the
change in the design variables.

The software system that couples struc-
tural analysis and optimization has been
successfully distributed over this network
of workstations. By distributing the work-
load over four workstations instead of just
one, the time required to complete an op-
timization cycle decreased from 2 hours
to one-half hour. Because of the enhanced
productivity achieved with the distributed
system, engineers were able to test more
alternatives in a shorter time. The key fea-
tures were the effective use of redundan-
cies in hardware (multiple workstations
and two networks) and flexible software,
which enabled the optimization to proceed
with minimal delay and decreased overall
time to completion.

This work was done by James L.
Rogers, Jr., Katherine C. Young, and Jean-
Francois M. Barthelemy of Langley Re-
search Center. Further information may
be found in NASA TM-89108 [N87-19022],
“Distributed Computer System Enhances
Productivity for SRB Joint Optimization.”

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

LAR-14311
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Video Pipeline Tree for Scan Conversion of Triangles
Scenes containing many polygons could be generated in real time.

Ames Research Center, Moffett Field, California

A video pipeline subsystem having a
branched structure would perform the
scan conversion of polygons in images
generated by computers. Heretofore, the
conversion of computer-generated image
coordinates, brightnesses, and colors of
polygons to raster-scanning video signals
could not be done rapidly enough for the
generation of realistic images containing
many polygons at the standard television
rate of 30 frames per second. The new
subsystem would divide the polygons into
triangles, each of which would be proc-
essed rapidly in parallel, modular fashion
and merged into the image. One proposed
version, to consist of 127 integrated-circuit
chips, could render 1,000 triangles in real
time.

Figure 1 illustrates schematically a por-
tion of the scan conversion of one triangle.
The three control signals that define the
raster are broadcast from a central con-
troller to all such circuits. In synchroniza-
tion with the raster video signal, this circuit
would compute a color, the coordinate z
(depth perpendicular to the image plane),
or another linear function of the image
coordinates x and y, using z = ax+by
+c. The coefficients a, b, and ¢ would be
obtained from the computer specification
of the image and would be used to com-
pute the coefficients A, B, and C, which
would be held in registers A, B, and C, re-
spectively.

Seven such linear-function circuits
would be combined into a module to pro-

Figure 1. A Linear Function z of Image Coordinates x and y is
generated in synchronism with the video raster signal. Thus, z(x,y)

duce a stream of data representative of
one triangle. The seven functions would be
z, red, green, blue, and three edge func-
tions. Altogether, the data stream would be
49 bits wide: 24 bits for z, 8 bits for each col-
or intensity, and a transparency bit that
indicates whether the current picture ele-
ment is inside or outside the triangle (if out-
side, then the other bits have no meaning
and are to be ignored). The number of bits
used in the internal computations of the
linear-function circuit would be greater
than the number of bits in the data streams.
A large number of these triangle mod-
ules would feed their 49-bit output data
streams into the “leaves” of a binary tree
at the standard video rate of about 10 MHz.
At each branch point of the tree, a merging
module would combine two of the data
streams into one (see Figure 2). Of the two
inputs to each merging module, one would
be selected for output: If both picture
elements were transparent, either could
be selected. If one were opague and the
other transparent, the opaque one would
be selected. If both were opaqgue, the one
with the smallest value of 2 (the one in front)
would be selected as in a standard z-buffer
algorithm. The output.of each merging
module would serve as the input to a merg-
ing module at the next level of the tree.
As many triangle modules as possible
would be put onto one integrated-circuit
chip so that the chip would constitute a
complete binary tree of merging modules
with a triangle module at each “leaf.” The

chip would therefore have output pins for
the 49-bit video-data stream emerging
from the tree. The chip would also have ad-
dress and data pins so that the “front-end”
processor that performs the geometric
transformations and calculates the coeffi-
cients for the triangles could write the coef-
ficients into the chip.

Many such triangle chips could be built
into a larger binary tree, connected by
merging-module chips. Because it would
contain only the merger logic, a merging-
module chip would be relatively simple.
However, it would require a total of 147 pins
for the two 49-bit inputs and one 49-bit out-
put. It might be possible to reduce the num-
ber of pins and, therefore, the cost, by time-
multiplexing the data onto fewer pins at a
higher bit rate.

An alternative design would be a linear
pipeline of triangle chips, in which each
triangle chip had a 49-bit input feeding into
one leaf of its internal merge tree. The con-
trol signals would have to be staggered for
the triangle chips in this linear pipeline. The
merge chips would not be needed.

This work was done by Warren Robinett
of Ames Research Center. For further in-
formation, Circle 72 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 14].Refer to
ARC-11661.
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Architecture for Intelligent Control of Robotic Tasks

An optimized data-abstracting hierarchy would plan, execute, and correct at acceptably high rates.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed architecture for the control
of such robotic devices as artificial hands
calls for data-abstracting hierarchies of
processing, controlling, and sensing equip-
ment that would plan, execute, and cor-
rect the movements of the devices at
acceptably high rates. The architecture
combines features developed in research
on artificial intelligence and control theory.
It is characterized by causal connections

between layers of the hierarchy, approx-
imately equal complexities of the layers,
and a directed focus of attention.

The hierarchical structure of this ar-
chitecture is based partly on the analysis
of human behavior during control actions.
While other architectures developed pre-
viously are also hierarchical, they do not
take full advantage of the possibilities of-
fered by the hierarchical approach. In
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some of them, for example, the various
layers represent various levels of abstrac-
tion of data, but the implementation of
them with standard modules is not optimal
for all levels of abstraction. Also, reflex con-
trol alone is insufficient to handle a large
number of operating conditions, and ex-
pert systems are too slow for use with real-
time processes.

Each level of the hierarchy would cor-
respond to a different kind of mental proc-
ess. The lowest level would interact direct-
ly with sensors and actuators, processing
raw sensory feedback data and motor
commands and immediately activating
motor responses to important feedback
signals. Middle levels could recognize typi-
cal patterns in feedback signals and com-
mand more-complicated reactions accord-
ing to prescribed rules. The highest levels
would be dedicated to such tasks as the
recognition of sequences of patterns and
general planning. In ascending the hierar-
chy, one would encounter increasingly
symbolic types of logic, including the ap-
plication of Boolean rules by artificial neur-
al networks.

The figure illustrates a three-level hierar-
chy proposed for the control of a robotic
hand. The intermediate level would be
characterized by a response time and by
an amount of knowledge intermediate be-
tween those of the planner (highest level)
and the actuator controller (lowest level).
The intermediate level would store ex-
pected relations among single feedback
signals or subsets of them and would use
the results to understand the evolution of
a grasping task. This concept would pro-
vide for flexible reflex control in various
grasping tasks and would enable the ac-
tuator controller to determine autonomous-
ly the best reaction to a given pattern of
feedback signals. Both the planner and ac-

Planning

Robotic Hand

A Three-Level Hierarchical Control System
would observe and direct the movements
of an anthropomorphic artificial hand.
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tuator controller would use feedback sig-
nals and outputs of rule-based reasoning
processes to initiate modifications of ac-
tuator trajectories. When a new strategy
was generated by the planner, the as-
sociated rules would be blended with the
current rule base to assure a smooth tran-
sition between plans.

The use of such a hierarchical architec-
ture to form an artificially intelligent con-

troller has the potential for assuring im-
mediate reactions to unexpected external
conditions and for bypassing the longer
processing time of the higher levels as
much as possible. Such lower-level reac-
tions would compensate for the different
execution times of planning and control
and fill in possible voids in the command
stream. Each level would then be partly
autonomous in that it could choose to con-

tinue tracking the trajectory specified by
the most recently received plan or to ac-
tivate a recovery procedure in case of er-
ror. Meanwhile, the error would signal the
higher levels to adjust the plan.

This work was done by Paolo Fiorini and
Jeffrey Chang of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 97 on the TSP Request
Card. NPO-17871

Monitoring Welding Images and Data Simultaneously

Data on process conditions are superimposed in real time on images of the process.
Marshall Space Flight Center, Alabama

A video/computer subsystem of a weld-
ing system produces an overlay, on a video
image, containing numerical data on the
parameters of the welding operation being
viewed. The system was developed to
assist a welding-machine operator in de-
termining the width of the back bead of
the weld.

The computer gathers data from sen-
sors while a video camera observes the
weld in progress. The computer sends the
data to a vision processor in the computer,

which superimposes the data on the im-
age from the camera. The operator thus
can watch the weld bead simultaneously
with the instantaneous values of such data
as elapsed time, welding current, and proc-
essed sensor measurements of the weld
area, such as weld back-bead width and
depth of penetration, pool temperature, or
top bead dimensions.

The video image and superimposed
data can be recorded on magnetic video
tape. The welding operation can later be

reviewed in slow motion or even frame
by frame. The pertinent weld data will al-
ways be instantly available to the viewer
and correlated in time with the image
of the weld.

This work was done by Ray C. Delcher
and Matthew A. Smith of Rockwell In-
ternational Corp. for Marshall Space
Flight Center. No further documentation
is available.

MFS-29772

Books and Reports

Thesereports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's)when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service

Digital Control of a
Telescope in an Airplane

Options for the design
of an aim-stabilizing
system are analyzed.

A report discusses the feasibility of a
digital control system that would stabilize
the aim of the 30-in. (76.2-cm) telescope
aboard the NASA C141 airplane known as
the Kuiper Atmospheric Observatory. The
purpose of such a system is to keep the
telescope aimed along the same direction
once that direction has been set. To do
this, it must reject both random disturb-
ances like vibrations of the airplane and
steady disturbances like imbalance of the
telescope. The digital system would per-
form these functions, supplanting the an-
alog stabilizing system that has been used
since 1974.

The “brain” of the control system is the
compensator. The transfer function of the
present analog compensator is analyzed
and shown to be mostly that of the well-
known proportionalfintegral/derivative (PID)
type; that is, the output of the compensator
is mostly the sum of a component propor-
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tional to its input error signal and compo-
nents proportional to the integral and to
the derivative of its input error signal with
respect to time. The transfer function is
also found to include an additional filter
pole in the derivative branch to suppress
high-frequency noise, and to include sev-
eral other filter functions as well. This trans-
fer function is simplified, and the basic PID
parameters are extracted from it to start
the design of the digital compensator.

The proposed digital compensator
would consist of an input analog-to-digital
converter, a digital controller processor,
and an output digital-to-analog converter.
The digital processor would effect a dis-
crete transfer function simpler than that
of the analog controller, containing the PID
components with the additional filter pole
in the derivative branch, but not the other
filter functions. The frequency responses
of the present and proposed compensa-
tors are compared. The effects of samp-
ling time, computational delay, and quan-
tization errors in the digital system are taken
into account.

The mathematical model of the compen-
sator is combined with the mathematical
models of the control amplifier, gyroscope
and control actuators, and telescope. The
combined models are used to perform
computer simulations of the open-loop re-

sponse of the proposed system in the time
and frequency domains and of the effect
of noise in the closed-loop response in the
time domain. After some fine adjustments
of the parameters of the digital compen-
sator, the gain and phase margins and the
response of the entire system containing
the proposed digital compensator are
found to exceed those obtained with the
present analog compensator. In addition,
the response is found to be well damped
in comparison with that of the present sys-
tem. The simulation shows that the digitally
compensated telescope would respond
with tracking errors peaking around 0.27
arcsec (a root-mean-square tracking error
of less than 1 arcsec is acceptable).

Finally, the selection of equipment fo im-
plement the digital control system is dis-
cussed. Considerations include the abili-
ty of the controller processor to operate
alone vs. the need for an additional com-
puter, immunity to noise in transmission
of signals to and from the compensator,
packaging, and cost.

This work was done by Ann C.
McCormack and Philip K. Snyder of Ames
Research Center. 7o obtain a copy of the
report, ““Digital Control of the Kuiper At-
mospheric Observatory Telescope,” Circle
40 on the TSP Request Card.
ARC-12399
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Behavior of Costas Loop
in Reception of Telemetry

Effects of signal
parameters and Doppler
shift are computed.

A report presents a theoretical study of
the behavior of a Costas loop in the recep-
tion of a radio carrier signal that is modu-
lated in phase by a sinusoidal or square-
wave subcarrier that is, itself, further
modulated in phase by a nonreturn-to-zero
binary data signal. The phase and frequen-
cy of the received signal may also be af-
fected by a Doppler shift, and the instan-
taneous amplitude of the received signal
is corrupted by additive white Gaussian
noise. Signals of this type are ordinarily
used in spacecraft telemetry, the sine-
wave subcarrier being preferred for shorter
signal paths and the square-wave subcar-
rier for longer signal paths.

The carrier component of the received
signal is not completely suppressed, and
the Costas loop reconstructs its carrier
reference from this component. The re-
sidual-carrier modulation, Doppler shift,
and noise degrade the ability of the Costas
loop to lock onto the carrier signal. The
study focuses on this degradation. As
such, it extends a previous study of the
performance of a Costas loop with a re-
sidual carrier but without phase-shift-keyed
subcarrier modulation. In the previous
study, it was assumed that the phase er-
ror of the Costas loop approaches zero at
high signal-to-noise ratios. In this study, the
phase error is assumed to remain small
enough to keep the response of the loop
within its approximately linear range, but
it is not required to approach zero at high
signal-to-noise ratios. This study also con-
siders the maximum allowable telemetry
rate for a specified tracking phase jitter
and for a given combination of signal-to-
noise ratio and bandwidth constraint.

It is shown both algebraically and by
numerical examples that the Costas loop
can be used to track the signals in the
presence of the Doppler shift. The track-
ing performance is degraded in the sense
that the mean-square phase jitter increas-
es when a residual carrier is present. The
tracking performance of a Costas loop is
degraded further when the modulation in-
dex rises toward a critical value. At any
signal-to-noise ratio, the loop ceases to
lock onto the carrier when the critical value
is reached. (The critical values for the
square-wave- and sine-wave-subcarrier
versions are different.) The performance
can be optimized (in the sense that the
mean-square tracking phase jitter can be
minimized) by choosing the appropriate
combination of (1) frequency of the sub-
carrier, (2) square or sinusoidal waveform
of the subcarrier, (3) bit rate, and (4) noise
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bandwidth of the low-pass filters in the
arms of the Costas loop.

This work was done by Tien M. Nguyen
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“The Behavior of a Costas Loop in the
Presence of Space Telemetry Signals,” Cir-
cle 129 on the TSP Request Card.
NPO-18084

Digital Accumulators in
Phase- and Frequency-
Tracking Loops

Digital accumulators can
degrade performances at low
carrier-to-noise ratios.

A report describes an investigation of
the deleterious effects of digital accumula-
tors upon the performances of phase- and
frequency-tracking electronic circuits. Digi-
tal accumulators are used extensively in
these and other signal-processing circuits
to compute averages and reduce proces-
sing rates. The report emphasizes prob-
lems encountered with respect to digital
accumulators in the operation of receivers
in the Global Positioning System (GPS).
These receivers are required to track the
phases and frequencies of the GPS car-
rier signals, which can be weak and are
Doppler shifted by the high dynamics (high
speeds, high accelerations, and some-
times high jerks) of the receiver with re-
spect to the GPS spacecraft. Notwithstand-
ing the emphasis on the GPS, the conclu-
sions reached in this investigation are also
applicable to more general receivers or
other signal-processing systems that in-
clude digital accumulators.

The investigation focused on three dif-
ferent tracking loops: a digital phase-locked
loop, a cross-product automatic frequency-
control loop, and an extended Kalman filter.
Algorithms that represent these loops were
tested in a computer simulation. In addi-
tion, a hybrid analog/digital receiver was
built to implement the algorithms, and the
performances of the loops were measured
to verify the simulations.

The report contains four sections. The
first discusses the general problem and
the questions that this investigation was
intended to answer, reviews previous re-
search on Doppler tracking in the pres-
ence of high dynamics, describes digital
implementation of tracking loops, and in-
troduces mathematical models that repre-
sent GPS signals under worst-case dy-
namics. The second chapter describes the
hybrid analog digital receiver.

The third chapter describes the algo-
rithms of the three loops. The results of
the simulations and tests are presented in
this chapter as various plots of frequency

errors, amplitude losses, and probabilities
of loss of lock vs. carrier-to-noise ratios,
and as transient responses in terms of fre-
guency errors and amplitude losses vs.
time. The third chapter continues by com-
paring the performances of the three loops
and ends by stating two conclusions: (1)
simulations carried out without including
the effects of digital accumulators can lead
to erroneous predictions of performance,
especially at low carrier-to-noise ratios,
and (2) of the loops tested, the fourth-order
version of the Extended Kalman filter per-
formed the best.

The fourth chapter, which is very brief,
summarizes the investigation, restating the
first of the above-mentioned conclusions.
It notes that at high carrier-to-noise ratios,
the effects of digital accumulators are
negligible, but that at low carrier-to-noise
ratios, digital accumulators contribute sub-
stantial losses. It recommends that addi-
tional losses in threshold carrier-to-noise
ratios should always be included in simula-
tions to account for the digital accumula-
tors. This could be done by including ad-
ditional amplitude-suppression terms.

This work was done by Sami Hinedi and
Joseph I. Statman of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, “'Digital Accumulators
in Phase and Frequency Tracking Loops,”
Circle 83 on the TSP Request Card.
NPO-17909 -

Experiences With the
JPL Telerobot Testbed

Issues and insights
are discussed.

A report identifies problems and tech-
nological gaps that exist in robotic systems
integration. It focuses upon the problems
that were experienced during the develop-
ment of the Telerobot Testbed System at
NASA's Jet Propulsion Laboratory (JPL): an
integrated robotic testbed used to develop,
implement, and evaluate the performance
of advanced concepts in autonomous, tel-
eautonomous, and teleoperated control of
robotic manipulators. The objective of this
report is to provide information that can
be used to guide and expedite the develop-
ment of future integrated robotic systems.
Problems are identified in calibration and
world modeling, process planning, and sys-
tem architecture and software engineering.
e Calibration. Calibration issues in an inte-

grated multisensory, multiactuated robotic
system can have a profound impact upon
the design, implementation, and perform-
ance of high-level-control and task-plan-
ning algorithms. As a prime example of
this, the authors cite the difficulties in-
volved in merging information from vision
and touch sensors to estimate the loca-
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tion of an object in the workspace.

To merge information from disparate
sensors, the information obtained by each
must be transformed into a common rep-
resentation to permit integration. In addi-
tion to providing a means for integration,
the representation must also serve the in-
formational needs of the rest of the sys-
tem. In the Testbed, the common repre-
sentation is a tree-topology connected
data base describing the spatial relation-
ships among all the objects.

The difficulty in integrating the various
sensor information has arisen, in part,
from the fact that several of the sensors
(ie., two force/torque sensors and two
cameras) are mounted on independent
platforms. Referencing sensors on a ma-
nipulator to a common coordinate system
depends on the accurate calibration of
manipulator kinematics, which is extreme-
ly difficult. Inherent physical constraints
have also made it difficult to determine
where each manipulator is with respect
to another, as in the case of the system's
vision arm.

These difficulties have had a significant
impact upon several system functional
components. For example, ad-hoc (ie.,
engineered) methods have been em-
ployed to maintain the consistency of the
system’s data base.

The authors have concluded that the

design of future large-scale robotic sys-
tems must include features that permit
the system'’s calibration in a complete
and coherent fashion. In particular, ac-
commodations must be made to facilitate
the accurate identification of device spa-
tial relationships in terms of both hard-
ware and software.
Planning. The planning of telerobot proc-
esses (i.e., actions such as move, grasp,
and rotate) presented special problems
because of the complex and interacting
nature of a very large number of problem
constraints and characteristics. Among
these were the usual constraints arising
from the kinematic construction of the
Puma 560 manipulators, which limited
manipulability over large regions. Added
to these were spatial constraints in the
form of interarm collision avoidance for
ance, object/object interference avoid-
ance during manipulation, and object oc-
constraints included performance degra-
dation and even instability of compliant
motion operations near singular arm con-
figurations, and poorly known gravity and
friction effects.

The challenge in planning became
that of trying to blend engineered solu-
tions successfully with algorithmic ap-
proaches. Because a standard rule or
logic-based planning system would have
been very difficult to design, an alternative
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“'generate and test"” approach was used
instead. This approach utilized action-
selection rules and procedures based on
a partial handling of the various con-
straints to generate candidate actions.
Detailed world-model-driven simulation of
the action was then used to accept or
reject the candidate action.

* Architecture. In a well-established and

-understood field, the construction of a
system without first exploring its formu-
lation and design in great detail is fool-
hardy. Unfortunately, this rigor is not fea-
sible in a research environment where
requirements fiuctuate. In these situations,
success is often determined by the abili-
ty to react rapidly to significant design
changes

First, it was observed that space tele-
robotics is not a highly structured task
and that efforts should be placed on the
reactive, feedback portion of the architec-
ture that allows the robot to respond to
the environment.

Second, interface “blindspots,” where-
by higher-level subsystems are unable to
command all of the actions that the hard-
ware devices can perform, must be avoid-
ed at all costs because they inevitably lie
precisely in the regions that turn out to
be crucial to the functioning of the overall
system.

Third, the ability to shift functionality
easily across subsystem interfaces is cru-
cial as the development of new algori-
thms with improved functionality can
force the shifting of large bodies of capa-
bility from higher-level subsystems to
lower ones.

Fourth, the practice of inserting addi-
tional layers into implementations for the
express purpose of decoupling external
users from the internal details of a piece
of software (i.e., abstraction) is essential
during the development of subsystem in-
terfaces because such practice prevents
minor internal modifications from being
propagated to other subsystems.

Finally, the most important issue in large
systems' software development is human
rather than technological. Frequent, de-
tailed communication among all mem-
bers of a development team is required
to prevent minor choices on the part of
subsystems from propagating disastrous-
ly to the system.

This work was done by Henry W. Stone,

J. Balaram, and John J. Beahan of Caltech
for NASA’s Jet Propulsion Laboratory.
To obtain a copy of the report, “Experi-
ences With the JPL Telerobot Testbed:
Issues and Insights,” Circle 143 on the TSP
Request Card.

NPO-17928
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Electromagnetic
Interference in
New Aircraft

Updated standards will
reflect a more severe
environment and vulnerabilities
of modern avionics.

A report reviews plans to develop tests
and standards to ensure that digital
avionics systems in new civil aircraft are
immune to electromagnetic interference
(EMI). The plans were prompted by trends
that make new aircraft more susceptible to
EMI than are older aircraft:

* New aircraft incorporate more electronic
“fly-by-wire” controls.

* New electronic equipment uses highly in-
tegrated circuit chips, which are more
easily affected by EMI.

* New aircraft structures are built from
composite materials that afford less
shielding than metals do.

¢ Future aircraft will be exposed to in-
creased electromagnetic energy from
broadcast, communication, and radar
facilities of higher power.

Until now, avionic systems for transport
aircraft have been required to meet radio-
frequency susceptibility standards set

forth in section 20 of the document En-
vironmental Conditions and Test Proce-
dures for Airborne Equipment, RTCA DO
160B, published by the Radio Technical
Commission for Aeronautics. The docu-
ment calls for protection against electro-
magnetic fields of 1 and 2 V/im, whereas a
level of 100 V/m is more realistic for such
equipment as electronic engine control-
lers.

Accordingly, the Federal Aviation Ad-
ministration (FAA) has asked the com-
mission to revise section 20 to reflect cur-
rent information on the electromagnetic
environment and to develop specifications
for avionics equipment at the box and
system levels. The FAA has also asked the
Society of Automotive Engineers to draft
an advisory circular and user’s manual for
certification of commercial aircraft op-
erating in the electromagnetic environ-
ment created by incidental emitters. The
FAA is coordinating its efforts with those of
aviation regulatory authorities in other
countries to ensure that the new standards
will be internationally accepted.

This work was done by William E. Larsen
of Ames Research Center. 7o obtain a
copy of the report, “Digital Avionics Sus-
ceptibility to High Energy Radio Frequency
Fields,” Circle 7 on the TSP Request Card.
ARC-12161
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Circle Reader Action No. 567 ‘

Effects of Frame Rates
in Video Displays

High rates are needed in
rapidly changing images.

A report describes an experiment on
the subjective effects of the rates at which
a display on a cathode-ray tube in a flight
simulator is updated and refreshed. The
experiment was conducted to learn more
about the jumping, blurring, flickering, and
multiple lines that an observer perceives
when a line moves at high speed across
the screen of a calligraphic CRT.

A horizontal line on an oscilloscope dis-
play was moved vertically at various speeds
and viewed by several observers. The 1-mm-
thick line approximates the lines used on
19- to 21-in. (48-to 53-cm) cathode-ray tubes
in flight-simulation visual displays. The line
was refreshed at a rate of either once or
twice per update. A line that is refreshed
once per update is drawn on the screen
once. lts position is then recomputed (up-
dated), and it is redrawn. A line that is re-
freshed twice per update is drawn on the
screen twice in one position, its position
is recomputed, and it is then redrawn twice
in the next position. Lines are frequently
refreshed more often than they are up-
dated to avoid flickering.

The report presents data from the ob-
servations on plots of rates of refreshing
and updating as functions of speed. The
speed above which the picture appears to
deteriorate can be found from such a plot.
This speed can be related by calculations
to simulated angular and linear velocities
of the aircraft in the flight simulator.

For example, a visual display updated
at 30 hertz and refreshed at 60 hertz ap-
pears to deteriorate at angular and linear
velocities considerably less than those of
modern high-performance aircraft. How-
ever, the speed at which deterioration ap-
pears to set in can be increased signifi-
cantly by increasing the update rate.
Refreshing at twice the update rate pro-
duces only minor improvement. To display
rapidly changing flight scenery without ap-
parent deterioration of the image, it may
be necessary to use an updating rate of
at least several hundred hertz.

This work was done by Gary V. Kellogg
and Charles A. Wagner of Ames Research
Center. Further information may be found
in NASA TM-100415 [N88-22033], “’Effects
of Update and Refresh Rates on Flight
Simulation Visual Displays.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650. Rush
orders may be placed for an extra fee by
calling (800) 336-4700.
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NASA Tech Briefs, August 1991



NANASA Invites You To America’s
Premier Technology Showcase

Technology 2001

The Second National Technology Transfer
Conference & Exposition

December 3-5, 1991
San Jose Convention Center
San Jose, CA

» Discover the latest advances in Computer Technology and Software Engineering,
Electronics, Materials, Manufacturing Technology, and Biotechnology/Life Sciences.

» Learn how to tap into the U.S. government’s $65 billion technology bank.

> Meet key government/industry researchers and technology transfer experts, who will
help you turn innovative ideas into profitable products.

Sponsored by NASA, the Technology Utilization Foundation, and
NASA Tech Briefs Magazine



With 120 presentations from
some 50 federal laboratories
and their contractors, the Tech-
nology 2001 symposia will de-
scribe a'wide array of new inven-
tions in the following fields:
Advanced Manufacturing

Artificial Intelligence

Biotechnology

Communications

Computer Graphics and Simulation

Data and Information Management
Electronics

Environmental Technology

Life Sciences

Materials Science

Medical Technology

Robotics

Software Engineering

Test and Measurement

US government R&D programs
have created a $65 billiontech-
nology storehouse that’s avail-
able to you now for use in devel-
oping new or improved products
and processes. Technology 2001 will
show you how to tap into this incred-
ible resource to increase your produc-
tivity and competitiveness, and will in-
troduce you to America’s premier re-
searchers and technology managers, in-
cluding top experts from NASA, the Environ-
mental Protection Agency, and the depart-
ments of Agriculture, Commerce, Defense, En-
ergy, Health and Human Services, Interior, Trans-
portation, and Veterans Affairs.

Technology 2001 will feature:

» Over 40,000 square feet of exhibits by federal labo-
ratories, their prime contractors, and other high-tech

firms and universities with cutting-edge inventions If you are a research director, technology manager,

available for license or sale; design engineer, scientist, or business owner/presi-
dent, Technology 2001 is the most important event you
» 120 symposia presentations spotlighting new will attend this year. Do not miss this opportunity to
advances with commercial promise in critical access a wealth of federally-developed technolo-
areas of technology; gies, meet the key players in government and high-
tech industry, and discover tomorrow’s innova-

» Government-Industry Workshops covering patent fions...today.

licensing, Cooperative Research and Development
Agreements, and Small Business Innovation Research

contracts. Show Schedule
Monday, Dec. 2
i v 6:00 pm - 8:00 pm Opening Reception
Plus these special events: 1 Dt 3
» A Pre-Show Reception on Monday, Dec. 2 in the ?% gm ,‘3(3&? :nT TPleir;]?‘%gle;sle;ri\ons
exhibit hall, offering attendees and the media the 4:30pm -6:00pm  Gowt./Industry Workshops
chance to preview the exhibits and meet the present- Wednesday, Dec. 4
ers in an informal atmosphere; 8:30am-10:30am  Technical Sessions
1:00 pm - 3:00 pm Technical Sessions
» The second annual Technology Transfer Awards Din- 4:30pm -6:00pm  Govt./Industry Workshops
ner, recognizing outstanding achievement in tech 7:00pm-1000pm  Awards Dinner
transfer to industry. This event offers a unique oppor- Th;m D];csos :
: : . - :30am  Technical Sessions
tunity fo network with government and industry execu- 1:00pm-3:00pm  Technical Sessions
tives in an elegant setting—the Imperial Ballroom of 4:30pm-6:00pm  Govt./Industry Workshops
the San Jose Fairmont Hotel. (Seating is limited., so Stk B

reserve tickets early!) Dec.3 10:00 am - 5:00 pm

Dec.4 10:00 am - 5:00 pm
Dec.5 10:00 am -4:30 pm




Technology 2001 Exhibitors

Here are some of the more than 200 government R&D centers, universities,

AEROSPATIALE
EMA INFRARE
AIR FORCE MANUF
TECHNOLOGY C
AIR FORCE SYSTEMS COMMAND
AMBASSADOR ! ETING
AMERICAN CER
AMERICAN WELDING

AMES RESEARCH CENTER

AMPEX

ANALYTICAL GRAPHICS
ARMSTRONG LABORATC

ARMY LABORATORY COMMAND
ARTHUR D. LITTLE

ASSOC. OF AMERICAN

RAILROADS/U!

OF TRANSPOR
ASTRO-MED INC
BIT 3 COMPUTER CORP
BEND RESEARCH
BF GOODRICH AEROSPACE

SUPER-TEMP
BROOKHAVEN NATIONAL

LABORATORY
CALIFORNIA INSTITUTE OF

TECHNOLOGY
CARNEGIE MELLON ROBOTICS

INSTITUTE
CENTER FOR AEROSPACE

INFORMATION
CORNING INC
COSMIC
CYBERNET SYSTEMS
DATATAPEINC
DEPARTMENT OF ENERGY
DESIGN & EVALUATION INC
DIGIRAY CORP
EARTH OBSERVATION

SATELUTE CO
EASTMAN KODAK COMPANY
EUROPEAN SPACE AGENCY
FERMI NATIONAL

ACCELERATOR LAB
FLIR SYSTEMS INC
GODDARD SPACE FLIGHT

CENTER

See America’s most advanced automobile — the Vector W8 TwinTurbo — in the Technology 2001 exhibit

HAMILTON TECHNOLOGIES INC
HARDIGG INDUSTRIES
HEIMANN INFRARED DIVISION

PYROMETRICS COI

HTS INC

IDAEF
ENGINEERING LAB

INDUSTRIAL MATERIALS
TECHNOLOGY INC

INFORMATION HANDLING
SERVICES

INFRAMETRICS INC

INTEGRATED ENGINEERING
SOFTWARE

INTEGRATED SYSTEMS

IXYS CORP

JAMES GRUNDER &
ASSOCIATES

JET PROPULSION LABORATORY

JOHNSON SPACE CENTER

JP TECHNOLOGIES INC

KEANE CONTROLS CORP

KENNEDY SPACE CENTER

LANGLEY RESEARCH CENTER

LAWRENCE LIVERMORE
NATIONAL LABORATORY

LEWIS RESEARCH CENTER

LOS ALAMOS NATIONAL
LABORATORY

LUXTRON CORP., ACCUFIBER
DIVISION

MAGNA ENGINEERING INC

MARSHALL SPACE FLIGHT
CENTER

MARTIN MARIETTA ENERGY
SYSTEMS

McCLELLAN AIR FORCE BASE

MECHANICAL TECHNOLOGY INC

METALWORKING
TECHNOLOGY INC

METRUM

MIKRON INSTRUMENT CO

MORGANTOWN ENERGY
TECHNOLOGY CENTER

JATIONAL

and high-tech firms exhibiting at Technology 2001:

NASA

NASA REGIONAL TECHNOLOGY
TRANSFER CENTERS

NASA SMALL BUSINESS
INNOVATION RESEARCH

NASA TECH BRIEFS

NATIONAL CENTER FOR
MANUFACTURING SCIENCES

NATIONAL INSTITUTE OF
ALLERGIES & INFECTIOUS
DISEASES

NATIONAL INSTITUTE OF
STANDARDS & TECHNOLOGY

NAVAL AIR WARFARE CENTER

NAVAL RESEARCH
LABORATORY

NERAC INC

NIAC

NOVESPACE

NUMERICAL ALGORITHMS
GROUP

OLYMPUS CORP

PACIFIC NORTHWEST
LABORATORY

PATTON & PATTON SOFTWARE

PHILLIPS LABORATORY

PITTSBURGH ENERGY
TECHNOLOGY CENTER

PMS ELECTRO-OPTICS

PRINCETON PLASMA PHYSICS
LABORATORY

RAYTHEON COMPANY

RGB SPECTRUM

RG HANSEN & ASSOCIATES

RIBBON TECHNOLOGY CORP

ROCKWELL INTERNATIONAL

ROME LABORATORY

SALCO CIRCUITS

SANDIA NATIONAL
LABORATORIES

SIMMONDS PRECISION
AIRCRAFT SYSTEMS

SOLAR ENERGY RESEARCH
INSTITUTE

SORBILITE INC

SOUTH CAROLINA
UNIVERSITIES RESEARCH

SPECIALTY STEEL & FORGE

STANFORD RESEARCH
INSTITUTE

STATISTICAL SCIENCES INC

STENNIS SPACE CENTER

STEPHENS ANALYTICAL

STEREOGRAPHICS CORP

STRATEGIC DEFENSE
INITIATIVE ORG

SUN MICROSYSTEMS

SUPERIOR PRODUCTS

SYMBOLICS

TECHNICAL INSIGHTS INC

TECHNOLOGY CENTER
OF SILICON VALLEY

TECHLAW GROUP

TECHNOLOGY TARGETING INC

TECHNOLOGY TRANSFER
SOCIETY

TENNESSEE TECHNOLOGY
FOUNDATION

THIN FILM TECHNOLOGY INC

TIODIZE INC

ULTRAMET

UNITED MAGNET
TECHNOLOGIES

UNIVERSITY OF DAYTON
RESEARCH INSTITUTE

US GEOLOGICAL SURVEY

VA MEDICAL CENTER
REHAB R&D CENTER

VECTOR AEROMOTIVE CORP

VIRGINIA CENTER FOR
INNOVATIVE TECHNOLOGY

WOLFRAM RESEARCH

WRIGHT LABORATORY

See next page for a sample of the amazing inventions these
high-tech leaders will demonstrate. Forinformation on having
your organization exhibit at Technology 2001, call Justina
Cardillo or Evelyn Mars at (212) 490-3999.

hall. Incorporating an array of aerospace technologies, this “supercar” goes from 0-60 mph in less
than 3.8 seconds and reaches speeds of more than 200 mph.

Photo: Vector Aeromotive Corp.




Explore The Gutting Edge

The Technology 2001 exhibit hall will feature the best
new inventions from federal laboratories, universities,
and leading high-tech companies. Here’s just a sample
of the hundreds of innovations that await you.

RGB Spectrum will demonstrate an advanced windowing
system that displays live television or other real-time
video on a workstation.

In one of the many innovative R&D projects
it will exhibit, the Pittsburgh Energy Technol-
ogy Center is using microbes to produce a
clean form of coal.

A patented recycling system to
be displayed by Sorbilite Inc.
converts paper, sawdust, and
other waste products into high-
quality, three-dimensional parts
and products.

Integrated Engineering Soft-
ware will exhibit new pro-
grams for design and analysis
of electronic equipment, in-
cluding ELECTRO, shown here
The Ames Research Center exhibit will fea- simulating the electric field
ture a “virtual” 3D sound system developed distribution around a pin-type
for artificial reality applications. insulator.




Meet Dexter, a computer-controlled mechanical
finger-spelling hand, on display in the VA Reha-
bilitation R&D Center’'s booth. Dexter serves as a
communication aid for the deaf and blind.

StereoGraphics Corp. will demonstrate CrystalEyes™, a
computer graphics system that emulates human vision
to create a vivid, flicker-free 3D depth effect.

Mechanical Technology Inc. will display an external combus-
tion Stirling engine designed to power space station Freedom.
The high-tech engine has tremendous spinoff potential.

See state-of-the-
art robotics tech-
nology, including
vision equipment
and force-reflect-
ing hand control-
lers, in Cybernet
Systems’ booth.

Ultramet will showcase an
iridium/rhenium thrust chamber
that has been called “the great-
estadvanceinchemicalrocket
technology in three decades.”

| Among the inventions Pacific

Northwest Laboratory will ex-
hibit is a sensor for detecting
soil contaminants (below) that
is easier fo use and more accu-
rate than current detection de-
vices.




Technology 2001 Program

Tuesday, December 3

Plenary Session

9:00 am—10:30 am

(Speakers to be announced)

9:00: Welcome

9:15: Conference Overview

9:30: Federal Initiatives In Technology
Transfer

10:00: Technology 2001 Keynote Address

Concurrent Technical Sessions

1:00 pm—3:00 pm

Each presentation will last 30 minutes,
including a question and answer

period. Registrants may attend whole
sessions (four presentations) or individual
presentations from a number of different
sessions. Meeting rooms are situated in
close proximity for easy and quick
movement during sessions. Room
assignments will be listed in the final
program distributed at the show.

(Session A1)

Advanced Manufacturing

Ceramic Susceptor for Induction
Bonding of Metals, Ceramics, and
Plastics

John D. Buckley, Senior Research
Engineer, and Robert L. Fox, Electronics
Technician, Langley Research Center
Langley researchers have developed a
thin flexible carbon susceptor to join
ceramics, plastics, metals, and combina-
tions of these materials, using a unique
induction heating process that dramati-
cally reduces bonding times. The novel
carbon susceptor allows application of
heat directly and only to the bond line.

Applying NASA’s Explosive

Seam Welding

Laurence J. Bement, Senior Pyrotechnic
Engineer, Langley Research Center

An explosive seam welding process
created for aerospace use is finding a
wide range of industrial applications.
The process can be used fo join
aluminum and steel alloys, copper,
brass, titanium, and other metals in
thicknesses from 0.25 to 4.7 mm, and to
remotely plug tubes.

Laser-Based Weld Joint
Tracking System

Alan Looney, Welding Engineer,
Marshall Space Flight Center

A laser-based system developed to
control and monitor welding operations
on space vehicles has been modified to
provide a weld joint tracking system for
industrial applications. The weld beam
profiler features a precision laser-based

vision sensor, automated two-axis
machine motion, and an industrial PC
controller. It eliminates weld repairs
caused by joint tracking errors, reducing
manufacturing costs.

Precision Joining Center
J.W. Powell, Joining Technology. EG&G
Rocky Flats

Mr. Powell will describe a new center
designed fo provide a training ground
for precision joining techniques. The
center will fransfer this advanced
technology from the Department of
Energy weapons complex and joining
equipment manufacturers o US
industries, through the training of
fechnologists and engineers in such
areas as process control, data acquisi-
tion, and joining.

(Session A2)

Biotechndlogy

Cooperative Research and
Development Opportunities with the
National Cancer Institute

Dr. Kathleen Sybert, Deputy Director,
Office of Technology Development,
National Cancer Institute

The National Cancer Institute’s Office of
Technology Development negotiates
Cooperative Research and Develop-
ment Agreements with university and
industry investigators for the develop-
ment of new products to diagnose and
treat cancer and AIDS. Drug screening,
preclinical testing. clinical trials, and
AIDS program capabilities form the
basis for this new technology transfer
vehicle.

Technologies for the Marketplace
from the Centers for Disease Control
Frances L. Reid-Sanden and R. Eric
Greene, Technology Transfer Office,
Centers for Disease Control

The Centers for Disease Control
develops and transfers technologies
designed to prevent and control
disease and injury. Recent innovations
include a vaccine against hepatitis A, a
recombinant rabies vaccine, mono-
clonal antibodies for the detection of
legionellae. a rapid method to diag-
nose human cysticercosis, and a variety
of devices to ensure worker safety.

Enhancement of Biological Control
Agents for Use Against Forest Insect
Pests and Diseases

Dr. James M. Slavicek, Project Leader,
US Forest Service Northeastern Forest
Experiment Station

Dr. Slavicek will describe new biological
control agents for use against forest pests

such as the gypsy moth and diseases
such as tree vascular fungal wilts.

Use of T7 Polymerase to Direct
Expression of Outer Surface Protein A
(OspA) from the Lyme Disease
Spirochete, Borrelia burgdorferi

John J. Dunn, Senior Scientist,
Brookhaven National Laboratory

Brookhaven researchers have cloned
the ospA gene of Borrelia burgdorferi,
the spirochete that causes Lyme
disease. They are testing the resultant
truncated protein for use as an immuno-
gen in a vaccine against Lyme disease.

(Session A3)
Communications

Commercial Applications of ACTS
Mobil Terminal Millimeter-Wave
Antennas

Arthur C. Densmore, Antenna System
Manager. and Rick A. Crist, Microwave
Processor Subtask Manager, Jet
Propulsion Laboratory

A JPL research team is developing low-
profile, high-gain milimeter-wave
antennas for future communication
systems. Commercial opportunities
include advanced land-mobile satellite
communications, hybrid satellite/
cellular systems, remote satellite news
gathering, aeronautical and maritime
satcom, and handheld personal
satellite communications.

Antennas for Mobile Satellite
Communications
John Huang, Jet Propulsion Laboratory

The NASA-sponsored Mobile Satellite
Experiment program has generated
several innovative microstrip antennas
at L-band frequencies. Due to their thin
profile, surface conformability, light
weight, and low manufacturing cost,
microstrip antennas are finding increas-
ing applications in land-mobile satellite
communications.

MMIC Linear-Phase and Digital
Modulators for Space Communica-
tions Applications

Narayan R. Mysoor, Jet Propulsion
Laboratory, and Fazal Ali, Pacific
Monolithics

This presentation will review the design
concepts, analyses, and development
of monolithic microwave integrated
circuit (MMIC) modulators for the next
generation of space-borme communi-
cation systems. Commercial applica-
tions include phased arrays, satellite
systems, and microwave systems that
require continuous phase control in
trimming multiple channels.



Phased-Array Antenna Beamforming
Using an Optical Processor

Louis P. Anderson, Hughes Aircraft
Company. and Richard Kunath, Lewis
Research Center

Phased-array antennas are playing an
increasingly important role in radar and
communications applications, and will
soon become the preferred way to
achieve fixed spot, scanning spot,
multiple spot, and other multi-functional
beams for satellite communications. The
presenters will discuss how a lightweight
optical-processor-based baamformer
can provide the required apetiure
excitations using a single lightweight
network.

(Session A4)
Computer Graphics

and Simulation

Global Positioning System Supported
Pilot's Display

Marshall Scoftt, Systems Engineer,
Kennedy Space Center

A new cockpit display for pilots of test
aircraft uses the Global Positioning
System to calculate aircraft position. This
data is displayed graphically along with
the runway, the desired flight path, and
“fly-by” alignment needles.

Application of Technology Developed
for Flight Simulation

Jeff I: Cleveland, Aerospace
Technologist, Langley Research Center

Langley researchers are employing
supercomputers for mathematical
model computation to support real-
time flight simulation. Mr. Cleveland will
discuss commercial spinoff of these
techniques in fields such as nuclear
process control, power grid analysis,
process monitoring, and chemical
processing.

FAST: A Multi-Processed Environment
for Visualization of Computational
Fluid Dynamics

Gordon V. Bancroft, Fergus J. Merritt,
Todd C. Plessel, Paul G. Kelaita, R. Kevin
McCabe. and Al Globus, Research
Scientists, Sterling Zero One Inc.

This presentation will focus on the Flow
Analysis Software Toolkit (FAST), o
software system for visualization and
analysis of complex fluid flows. FAST is
extensible and able to handie a wide
range of problems. It can be adapted
to new software and hardware
configurations through modular
structured programming methods, a
graphics library standard. and common
network communication protocols.

A Full-Parallax Holographic Display for
Remote Operations

Helene P. lavecchia. CSC/Analytics Inc.;
Lloyd Huff, University of Dayton Re-
search Institute, and Neville I. Marzwell,
Jet Propulsion Laboratory

A near-real-time, full-parallox holo-
graphic display system developed for
Jet Propulsion Laboratory could provide
a 3D display for remote handling
operations in hazardous environments
on Earth and in Space.

(Session AS5)
Electronics

Nonvoldtile, High-Density, High-
Speed, Magnet-Hall Effect Random
Access Memory

Jiin-Chuan Wu, Romney R. Katti, and
Henry L. Stadler. Flight Command and
Data Management Systems, Jet
Propuilsion Laboratory

A radiation-hard, nonvolatile random
access memory cell (MHRAM) with a
density of 1 Mbit/cm? and an access
time of less than 100 nsec is being
developed using a magnet-Hall effect
element. Such a memory will have a
very competitive performance/price
ratio to replace current commercial
nonvolatile memory technologies.
including ROM, EPROM, EEPROM, and
Flash EEPROM, and will be competitive
with static RAM for many applications.

Analog VLS| Neural Network
Integrated Circuits

Francis Kub, Head, Microelectronic
Device Physics Section, Naval Research
Laboratory

Using a standard CMOS foundry
process, Navy researchers have
fabricated analog VLS vector-matrix
multiplier integrated circuit chips that
perform vector-matrix multiplication
operations at speeds up to 3 billion
multiplications per second. Such high-
speed operations are required for
artificial neural networks and many
signal processing applications, inciud-
ing image processing.

Monolithic Microwave Integrated
Circuit Water Vapor Radiometer
L.M. Sukamto, Spacecraft
Telecommunications Equioment
Section, Jet Propulsion Laboratory

Mr. Sukamto will discuss efforts to design
and fabricate a 31.4 GHz monolithic
microwave integrated circuit (MMIC)
radiometer as one channel of a
thermally-stable water vapor radio-
meter (WVR). With improved thermal
stability and signal accuracy. the WVR
will have far-ranging commercial
applications. It can be used. for
example, in weather pattern prediction,
calibration of polar-orbiting and
geostationary satellites, and monitoring
of aircraft icing conditions.

A Noncontacting Waveguide
Backshort for Millimeter and Submilli-
meter Wave Frequencies

William R. McGrath, Technical Group
Leader, Jet Propuilsion Laboratory

A new backshort design employs a
metallic bar with rectangular or circular
holes to provide a periodic variation of
guide impedance. The size, shape, and
spacing of the holes can be adjusted to
provide a large reflection of rf power
over a useful frequency bandwidth.
Mechanically rugged and easy to
fabricate for frequencies up to 1000
GHz, the backshort offers applications in
radar and communication systems,
microwave test instruments, and
remote-sensing radiometers, and will
help extend waveguide technology into
the submilimeter wave band.

(Session Ab)
Materials Science

Novel Applications for TAZ-8A

William J. Waters, Sverdrup Technology
Inc.. and Stephen M. Riddlebaugh,
Lewis Research Center

Alloy research for jet engine applica-
tions has produced a commercially
promising nickel-based alloy called TAZ-
8A. The alloy’s unique combination of
properties includes high temperature
strength, oxidation resistance, abrasion
resistance, and exceptional thermal
shock resistance. Using a plasma vapor
deposition technique, TAZ-8A can be
applied as a coating with high
reflectivity and extreme hardness.

Test Methods for Determining the
Suitability of Metal Alloys for Use in
Oxygen-Enriched Environments
Joel Stoltzfus, Projects Manager,
White Sands Test Facility

Mr. Stoltzfus will describe test methods
developed by NASA to study the
ignition and combustion of metal alloys,
including high- and low-speed particle
impact tests, frictional heating and
coefficient-of-friction tests, and the
promoted combustion test. Test data
and the resultant rankings of metal
alloys will be discussed, along with
licensing opportunities.

A Major Advance in Powder
Metallurgy

B.E. Williamns, J.J. Stiglich, R.B. Kaplan,
and R.H. Tuffias, Ultramet

Under SBIR funding from the Army.
Ultramet has developed a process that
promises to significantly increase the
mechanical properties of powder
metallurgy (PM) parts. Conventional PM
fabrication processes typically result in
nonuniform distribution of the matrix.
flaw generation due to particle-particle
contact, and grain growth caused by
high-temperature, long-duration
compaction processes. In Ultramet’s
process. each particle is coated with



the matrix material, and compaction is
performed by solid-state processing.
improving the part's homogeneity.

Permanent Magnet Design

Meth

Dr. Herbert A. Leupold, Research
Physicist, US Army Electronics
Technology and Devices Laboratory

The high remanences and coercivities
of rare earth permanent magnets have
made possible magnet structures of
unusual form and performance,
including permanent magnet solenoids,
cylindrical transverse field sources, and
high-field permanent magnet field
sources. Dr. Leupold will describe
military and commercial applications
such as MR imagers. traveling wave
tubes, gyrotrons, free electron lasers,
Faraday rotators, and ultraviolet/x-ray
telescopes.

Concurrent Government-

Industry Workshops
4:30 pm—6:00 pm

(Presenters to be announced)
In these highly-interactive sessions,
federal agencies will brief attendees on
their present and planned R&D initiatives
and technology transfer mechanisms,
spotlighting opportunities for industry to
work with the government to develop
and commercialize technology.
Cooperative Research and Develop-
ment Agreements, Small Business
Innovation Research, and patent
licensing will be discussed. The objective
of these workshops is to begin a dialog
that will lead to increased use of
federally-sponsored technologies by
industry, and better utilization of private
sector resources by the government.
Agencies holding workshops during this
time period will include:
* Department of Defense
¢ Department of Energy
* Department of Health and Human
Services
* Environmental Protection Agency

Wednesday, December 4

Concurrent Technical Sessions
8:30 am—10:30 am

(Session B1)

Advanced Manufacturing

Concentrating Solar Systems:
Manufacturing with the Sun

Lawrence M. Murphy. Division Director,
Bimleshwar P. Gupta, Program Man-
ager, and Steven G. Hauser, Industry
Liaison, Solar Energy Research Institute
Recent advances in concentrating solar
systems have produced solar flux
densities in excess of 20,000 suns,

creating unique process conditions of
very high temperatures and heating
rates. These conditions enable applica-
tions in manufacturing. materials
processing. surface engineering. and
toxic waste destruction.

Ultra-Precision Processes for

Optics Manufacturing

William R. Martin, Associate Director,
Engineering Technology Division, Oak
Ridge National Laboratory

The Optics MODIL (Manufacturing
Operations Development and Integra-
tion Laboratory) is developing ad-
vanced manufacturing technologies for
fabrication of ultra-precision optical
components, aiming for a ten-fold
improvement in precision and a
shortening of the schedule lead time.
Discussion will focus on diamond single
point turning, ductile grinding, ion
milling. and in/on process metrology.

Integrated Automation for Manufac-
turing of Electronic Assemblies

T. Joseph Sampite, CIM Program
Manager. Naval Ocean Systems Center

Mr. Sampite will describe how a
standardized file transfer format
developed with the National Institute of
Standards and Technology will be used
to create generic, open architecture
computer-aided engineering tools for
the automatic exchange of data
between design and manufacturing.

Air Force Manufacturing Technology
(MANTECH) Technology Transfer
Tracy J. Houpt, MTX Program Manager,
and Margaret M. Riagely.

Technology Transfer Center Director,
Wright Patterson Air Force Base

This presentation will illustrate the
techniques and concepts employed in
Air Force MANTECH's new comprehen-
sive, proactive technology transfer
program, using as an example the
successful fransfer of transmit/receive
modules to industry.

(Session B2)

Electronics

Gallium Arsenide Quantum-Well-
Based Far Infrared Array Imaging
Radiometer

Kathrine A. Forrest and Murzy D.
Jhabvala, Electronics Engineers,
Goddard Space Flight Center

A new imaging radiometer developed
for the thermal infrared (8 to 12 microns)
employs a staring 128 x 128 GaAs
quantum well detector array for
stability, uniformity, high yield, and
radiation-hardness. It is suited for
thermal imaging in forestry, electronics
processing. and medicine. Potential
applications include aerial detection of
small forest fires and location of hot
spots in integrated circuits.

A Video Event Trigger for High-
Frame-Rate, High-Resolution
Video Technology

Glenn L. Williams, Electrical Engineer,
Lewis Research Center

Mr. Williams will describe a highly-
parallel digital state machine that
generates a trigger signal at the onset
of a video event. Random access
memory storage coupled with fuzzy
comparator logic devices permit
monitoring a video stream for long- or
short-term changes caused by spatial
translation, dilation, or color change.
Pretrigger and post-trigger storage
techniques allow researchers to archive
only significant images, alleviating
costly data storage problems.

Camera Orientation of Pan, Tilt, and
Zoom with No Moving Parts

Dr. H. Lee Martin, President, and Steven
D. Zimmermann, Design Engineer,
TeleRobotics International Inc.

Under contract to NASA Langley,
TeleRobotics has developed a remote
viewing system that provides pan, tilt,
zoom, and rotational capabilities with
no moving parts. The system features a
fisheye lens for complete hemispherical
field-of-view imaging and high-speed
image transformation to correct
peripheral distortion. Applications
include remote viewing, inspection, and
surveillance.

Fiber Optic TV Camera Direct
John Edward Kassak, Electronics
Engineer, Kennedy Space Center

The Kennedy Center is developing a
multiple color camera system for
installations where video, synchroniza-
tion, control camera data, and status
data are transmitted via a single fiber
cable at distances exceeding five miles.
Expected benefits include improved
video performance, immunity from EMI
and RFl, and more broadcast flexibility.

(Session B3)
Environmental Technology

Waste Management Technology
Development and Demonstration
Programs

Paul D. Kalb, Research Engineer,
Brookhaven National Laboratory

Brookhaven researchers have devel-
oped two new thermoplastic processes
for the disposal of hazardous wastes:
polyethylene encapsulation of nitrate
salt wastes and modified sulfur cement
encapsulation of incinerator fly ash
wastes. Both systems provide significant
improvements over conventional
solidification techniques and result in
durable waste forms that meet regula-
tory criteria.



Regulated Bioluminescence as a Tool
for Bioremediation Process Monitoring
and Control of Bacterial Cultures
Robert S. Burlage. Environmental
Sciences Division. Oak Ridge National
Laboratory: Armin Heifzer and Philip
Digrazia. Center for Environmental
Biotechnology. University of Tennessee

A new technique for monitoring
biodegradation in toxic waste sites
employs bioluminescence in a recombi-
nant bacterial strain to detect contami-
nant levels. The process is rapid, often
completed in minutes, and is sensitive in
the part-per-billion range.

Fiber-Optic-Based Biosensor
Joel M. Schnur, Head, Molecular
Science and Engineering Center,
Naval Research Laboratory

Mr. Schnur will illustrate a new fiber-
optic-based biosensor for environmen-
tal monitoring, pollution control, and
clinical diagnostics. The device

integrates a novel array of components,

long fused silica fibers, and proteins for
detection.

Ambient Temperature CO
Oxidation Catalysts

Billy T. Upchurch, Senior Research
Scientist, Langley Research Center

Langley researchers have produced
ambient temperature oxidation
catalysts for the recombination of CO
and CO, dissociation products formed
during CO, laser operation. The
catalysts allow continuous operation of
CO, lasers in a closed-cycle mode, and
offer applications in other closed
environments where the removal or
control of CO is required, such as in
catalytic converters for control of auto
emissions.

(Session B4)
Materials Science

High-Temperature Adhesives
Terry L. St. Clair, Head.
Polymeric Materials Branch.
Langley Research Center

LARC-TPI, a high-temperature linear
polymer adhesive developed to bond
titanium, offers application as a hot-
melt adhesive. Mr. St. Clair will describe
the chemical structure and physio-
mechanical properties of LARC-TPI and
other important new polyimides with
commercial potential.

Fluorinated Epoxy Resins with High
Glass Transition Temperatures
James R. Griffith, Research Chemist,
Naval Research Laboratory

The Navy has developed a new class of
easily-processed liquid resins with low
dielectric constants and high glass
transition temperatures. These materials
are useful for the manufacture of
composite electronic boards.

Polyimides Containing Pendent
Siloxane Groups

John W. Connell, Polymer Scientist,
Langley Research Center

Incorporation of siloxane units into the
backbone of aromatic polyimides
imparts enhanced solubility, lower
moisture adsorption, lower dielectric
constant, improved toughness, and
protection against atomic oxygen
erosion. Mr. Connell will describe the
physical and mechanical properties of
these materials, as well as potential
electronics and aerospace applica-
tions.

Corrosion-Protective Coatings from
Electrically-Conducting Polymers
Karen Thompson, Kennedy Space
Center; Brian Benicewicz and Debra
Wrobleski, Los Alamos National
Laboratory

Researchers are investigating the use of
processible conductive organic
polymers as corrosion-protective
coatings on metal surfaces. Recent
tests in saline and acidic oxidizing
environments have demonstrated
greatly improved corrosion resistance of
mild steel with these coatings as
compared to steel coated solely with
epoxy.

(Session BY)
Medical Advances:
Computers in Medicine

Computation of Incompressible
Viscous Flows through Artificial
Heart Devices

Stuart Rogers and Dochan Kwak,
Research Scientists, Ames Research
Center

Ames researchers are applying compu-
tational fiuid dynamics (CFD) techniques
to simulate the blood flow through
artificial hearts. Computer modeling will
help pinpoint regions subject to clotting
and lead to safer, more durable
mechanical hearts and valves.

Computer Interfaces for the

Visually Impaired

Gerry Higgins, Computer Systems
Engineer, Marshall Space Flight Center
Mr. Higgins will address current research
efforts to provide computer technology
for people with vision-related handi-
caps. One such effort, the Mercator
Project, looks to create a prototype
system for audible access to graphics-
based interfaces.

Extended Attention Span Training
System

Dr. Alan Pope. Leader, Human
Engineering Methods Group.

Langley Research Center

A biocybernetic system developed to
assess the degree to which automated
flight management systems maintain

pilot engagement is being adapted for
treatment of youngsters with attention
disorders. The Extended Attention Span
Training (EAST) system increases the
difficutty of a video game as the
player’s brain waves indicate attention
is waning. The player can only succeed
at the game by maintaining an
adequate attention level.

Man/Machine Interaction Dynamics
and Performance Analysis Capability
Harold P. Frisch, Head, Robotic Applied
Research, Goddard Space Flight Center

As part of its flight telerobotics program,
NASA is developing the ability to study
the consequences of machine design
alternatives as they relate to machine
and machine operator performance.
This capability will have far-reaching
medical applications, such as enabling
orthopedic surgeons to study the
consequences of surgical options from
the perspective of post-operative
human performance predictions.

(Session BY)
Software Engineering

Hybrid Automated Reliability Predictor
Integrated Workstation (HIREL)
Salvatore J. Bavuso, Aerospace
Technologist, Langley Research Center

The HIREL systern marks a major step
toward producing a totally integrated
CAD workstation design capability.
HIREL uses a graphical input description
language to increase productivity and
reduce error. It enables reliability
engineers to quickly analyze huge
amounts of reliability/availability data
to observe trefds due to exploratory
design changes.

Using Ada and the Rapid
Development Lifecycle

Lioyd DefForrest, Technical Group
Supervisor, Jet Propulsion Laboratory

Under contract to the US Army. JPL is
developing a multifaceted computer-
ized command center using an
accelerated software development
approach called the Rapid Develop-
ment Lifecycle. Through the use of Ada
and the X-Window/Motif Graphical User
Interface. software developed under
this program can be reused in similar
projects requiring non-computer-literate
users with little or no training to operate
advanced command center tools and
applications.

Advances in Knowledge-Based
Software

Walt Truszkowski, Head, Automation
Technology Section, Goddard Space
Flight Center

The Knowledge-Based Software
Engineering Environment (KBSEE) is
designed to demonstrate that a
rigorous and comprehensive software



reuse methodology can enable more
efficient utilization of resources in the
development of large-scale software
systems. Designed for use by both
government and industry, KBSEE could
aid in improving the reliability of future
software systems.

Reducing the Complexity of

Software Development through
Object-Oriented Design

Mary Pat Schuler, Aerospace Technolo-
gist, Langley Research Center

Ms. Schuler will illustrate how Object-
Oriented Design (OOD), coupled with
formalized documentation and tailored
object diagramming techniques, can
simplify the software design process. The
OOD methodology uses a hierarchical
decomposition approach in which
parent objects are decomposed into
layers of lower-level child objects, with
the relationships between design layers
represented pictorially. This approach
makes the resulting code more por-
table. reusable, and maintainable.

Concurrent Technical Sessions
1:00 pm—3:00 pm

(Session C1)
Data and Information -
Management

Techniques for Efficient Data Storage,
Access, and Transfer

Robert F. Rice, Jet Propulsion
Laboratory, and Warner Miller,
Goddard Space Flight Center

Advanced techniques for efficient data
representation have been placed in
practical hardware and software form
though the joint effort of three NASA
centers. The technigues, which involve
the use of high-speed coding and
decoding modules as well as machine-
transferable software routines, adapt to
local statistical variations to continually
provide optimum code efficiency when
representing data without error.

A Vector-Product Information
Retrieval System Adapted to
Heterogeneous, Distributed
Computing Environments

Dr. Mark E. Rorvig. Library Scientist,
Johnson Space Center

The Automated Online Library Manage-
ment System (Autolib) provides a
ranked list of the most likely relevant
objects in collections, in response to a
natural language query. Autolib is
constructed with standards and tools
such as UNIX and X-Windows, which
permit its use in organizations that have
many different hosts, workstations, and
platforms. Applications include
information-intensive corporate
management environments, such as
finance, manufacturing, and biotech-
nology.

AutoClass: An Automatic
Classification System

Peter Cheeseman, Research Scientist,
Ames Research Center

A useful tool for exploratory data
analysis, AutoClass enumerates and
describes the natural classes in a data
set. The program automatically
determines the optimal number of
classes.

Silvabase: A Flexible Data File
Management System

Steven J. Lambing. Marshall Space
Flight Center, and Steven T. Harris,
Boeing Computer Support Services

Developed for mission planning at the
Marshall Center, Silvabase enables
efficient forward and backward
sequential reads, random searches,
and appends to large amounts of data.
The system, designed to run on VAX/
VMS computers, has unique features
applicable to management of data
involving time histories and intervals
such as in operations research.

(Session C2)

Electro-Optics

Nonlinear Optical Polymers for
Electro-Optic Signal Processing
Geoffrey A. Lindsay, Polymer Science
Branch Head, Naval Weapons Center

Mr. Lindsay will discuss several new
classes of nonlinear optical polymers for
use in optical signal processing
(photonics). These materials offer large
electro-optics figures of merit, high
temperature performance, ease of
processing into films and fibers, rugged-
ness, and low cost. They can be applied
in electro-optic switches, optical
frequency doublers, sensors, spatial light
modulators, and optical data storage
systems.

High-Resolution Optical Data Storage
on Polymers

C.M. Roland, Supervisory Chemist,
Naval Research Laboratory

A new thermal method for lithography
on amorphous polymer films yields
remarkably high resolution images with
excellent edge acuity. Images imparted
to the films can be made electrically
conductive via a single-step process,
without using extraneous reagents.

Laser Discrimination by Stimulated
Emission of a Phosphor

Dr. V.K. Mathur, Research Physicist,
Naval Surface Warfare Center

Dr. Mathur will describe a new method
for discriminating near infrared and far
infrared laser light sources, based on the
use of a magnesium sulfide phosphor
which is thermally/optically stimulated
to generate a color correlatable to the
incident laser radiation. The technology
offers potential for discrimination
between even smaller bandwidths

within the infrared spectrum—a possible
qid to communication or wavemixing
devices that need to rapidly identify
and process optical signals.

Pulsed Laser Prelasing

Detection Circuit

George Eugene Lockard, Engineering
Technician, Langley Research Center

Langley researchers have developed a
circuit fo detect prelasing—the prema-
ture leakage of energy from a laser
rod—in pulsed laser systems. The circuit,
which is small, economical, and easily
incorporated into virtually any pulsed
laser system, shuts off the laser before
the prelasing energy can cause costly
optical damage.

(Session C3)

Life Sciences

Application of CELSS Technology to
Controlled Environment Agriculture
Dr. Maynard E Bates, Bioneftics
Corporation, and Dr. David L.
Bubenheim, Ames Research Center

Controlled Ecological Life Support
Systems (CELSS) expand the concept of
Controlled Environment Agriculture
(CEA)—the use of environment manipu-
lation for the commercial production of-
organisms—to create miniature
ecosystems in which food, oxygen, and
water in closed habitats are provided
by regeneration of waste streams
through systems containing microorgan-
isms, plants, and animals. The develop-
ment of CELSS will provide information
needed to improve the efficiency,
reliability, and cost-effectiveness of
CEA., while reducing its environmental
impact to negligible levels.

Advanced Forms of Spectrometry for
Space and Commercial Application
Dr. Kenneth J. Schlager, Chief Technical
Officer, Biotronics Technologies Inc.

Biotronics has discovered wide com-
mercial application for two spectromet-
ric technologies developed under the
Kennedy Space Center’s sponsorship.
Ultraviolet absorption spectrometry,
originally investigated for on-line
measurement of hydroponic plant
nutrient solutions, is finding utility in a
new line of ultraviolet process analyzers
for the water freatment market. A
second fechnology, liquid atomic
emission spectrometry, holds even
greater commercial promise, represent-
ing the first application of atomic
emission to direct on-line measurements
of liquids.

lon-Selective Electrode for lonic
Calcium Measurements

John W. Hines and Sara Arnaud,
Research Scientists, Ames Research
Center

NASA has developed a coated wire ion-
selective electrode that noninvasively



measures ionic calcium. it can be used
to monitor bone calcium changes
during extended exposure to
microgravity or during prolonged
hospital or fracture immobilization, and
to conduct osteoporosis research.

A 99% Purity Molecular Sieve
Oxygen Generator

Major George W. Miller, Research
Chemical Engineer. Air Force Systems
Command

A moleculor sieve oxygen generator
employing a new pressure swing
adsorption process produces oxygen
concentrations of up to 99.7% directly
from air, exceeding the present oxygen
purity limitations of 93-95%. The device
may find use in aircraft and medical
breathing systems, and industrial air
separation systems.

assion C4)
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Materials Science

Advanced Composite Materials
and Processes

Robert M. Baucom, Group Leader,
Composite Materials, Langley
Research Center

Mr. Baucom will report on techniques for
combining high-performance graphite
fibers and resin matrix systems into
composite prepregs, innovative tooling
concepts, and fabrication procedures
for complex structures. The plastics and
aerospace industries could benefit
greatly by adopting these materials
and processing procedures.

RTM: Cost-Effective Processing of
Composite Structures

Greg Hasko and H. Benson Dexter,
Materials Research Engineers.
Langley Research Center

Resin transfer molding (RTM), a method
of making high-strength, lightweight
composite structures, is used extensively
in the automotive, recreation, and
aerospace industries. The presenters will
compare the material requirements of
various industries, methods of orienting
and distributing fibers, mold configura-
tions, and processing and material
.parameters such as resin viscosity,
preform compaction, and permeability.

A Low-Cost Method of Testing
Compression-After-impact Strength of
Composite Laminates

Alan Nettles, Marshall Space Flight
Center

Marshall researchers have developed a
new method to test the compression
strength of composite laminate
specimens as thin as .04 inches and up
to 3 inches wide. This method is easier
and less costly than the current com-
pression-after-impact standard, and
yields more meaningful results.

Resonant Acoustic Determination of
Complex Elastic Moduli

Steven L. Garreft, Professor of Physics,
and David A. Brown, Electronics
Engineer, Naval Postgraduate School

The presenters will describe a new
technique for measuring and tracking
the complex shear and Young's moduli
of nonmagnetic samples using the
resonance frequency of an
unconstrained bar sample. The same
inexpensive electrodynamic transducers
are used to excite and detect the
sample’s longitudinal, flexural, and
torsional resonances. Sample data for
composites, metals, plastics, and
viscoelastic materials will be presented.

(Session C5)

Rohotics

A Unique Cable Robot for Space
and Earth

James Kerley, Design Engineer,
Goddard Space Flight Center

A novel cable robot bends like a worm,
moving up and down, back and forth,
and even upside down. With magnets
on its feet, the robot can climb or
adhere to tall structures. It can be used
to clean or paint towers, tanks, bridges.
and ships, and, with an attached video
cameraq, to inspect structures for
damage or rust.

A Lightweight, High-Strength
Dexterous Manipulator Arm

Neville I. Marzwell, Jet Propulsion
Laboratory; Bruce M. Schena and Steve
M. Cohan, Odetics Inc.

The presenters will describe the design
and features of a lightweight, high-
strength, modular manipulator arm
developed for space and commercial
applications. Fully operational in 1 g,
the arm has seven degrees of freedom,
a reach of 55 inches, and can lift 50
pounds. Bilateral teleoperator control
can be added to the current robotically

operated system.

Real-Time, Interactive Simulator
System for Telepresence

Neville I. Marzwell, Jet Propulsion
Laboratory: A.H. Chiu, P.G. Gottschalk,
F.S. Schebor, and J.L. Turney. KMS Fusion
Inc.

The Global-Local Environment
Telerobotics Simulator (GLETS) immerses
an operator in a real-time, interactive,
visually-updated simulation of the
remote telerobotic site. Stereo graphics
are shown on a computer screen and
fused together by the operator’s special
glasses to form stereoscopic views of
the simulated world. The operator,
interacting with the GLETS through voice
and gesture commands, can form a
gestalt of the virtual “local site” that
matches his/her normal interactions with
the real remote site.

A Hazard Control System for

Robot Manipulators

Ruth Chaing Carter, FTS System Safety
Manager, Goddard Space Flight Center

Ms. Carter will review system safety
management and engineering
techniques developed for telerobotic
operations in space, focusing on a
precise hazard control system for test
flight of NASA's Flight Telerobotic
Servicer. The same software monitoring
and control approach could ensure the
safe operation of a slkave manipulator
under teleoperated or autonomous
control in undersea, nuclear, or
manufacturing applications.

(Session Cé
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Knowledge-Based Autonomous
Test Engineer (KATE)

Dr. Carrie Belton and Barbara Brown,
Computer Engineers. Kennedy Space
Center

Developed for ground launch opera-
tions at the Kennedy Center, KATE
employs concepts of sensor-based and
model-driven monitoring and fault-
location, and performs control and
redundancy management of process
control systems. KATE is designed as a
generic, model-based expert system
shell for autonomous control, monitor-
ing, fault recognition, and diagnostics in
the electrical, mechanical, and fiuid
system domains.

Advanced Computed Tomography
Inspection System (ACTIS)

Lisa H. Hediger, Materials Engineer,
Marshall Space Flight Center

ACTIS, developed at the Marshall
Center to support its solid propulsion test
programs, is being applied to inspection
problems in the aerospace, lumber,
automotive, and nuclear waste disposal
industries. Ms. Hediger will discuss the
unique copabilities of ACTIS and
present a broad overview of computed
tomography technology.

High-Resolution Ultrasonic
Spectroscopy System for
Nondestructive Evaluation

Dr. C.H. Chen, Informafion Research
Laboratory Inc.

Under SBIR funding from the Army, IRL
researchers are developing a high-
resolution ultrasonic inspection system
supported by modern signal processing.
pattern recognition, and neural network
technologies. This presentation will
review the details of the system and its
software package.

Force Limited Vibration Testing

Terry D. Scharton, Jet Propulsion
Laboratory

An improved method of controlling
vibration tests used to verify equipment
design and manufacturing workman-



ship closely simulates field conditions.
Offering commercial application
throughout the aerospace., electronics,
and automotive industries, the new test
method eliminates costly failures
associated with overtesting in the
laboratory.

Concurrent Government-

Industry Workshops
4:30 pm—56:00 pm

(Presenters to be announced)

Agencies holding workshops during this

period will include:

* Department of Energy

« Department of Veterans Affairs

« Environmental Protection Agency

« National Aeronautics and Space
Administration

Thursday, December 5

Concurrent Technical Sessions

8:30 am—10:30 am

(Session D1)

Advanced Manufacturing

Development of a Rotary Joint Fluid
Coupling for Space Station Freedom
John A. Costulis, Technical Project
Engineer, Langley Research Center

Langley researchers have developed
and tested a 360-degree rotary joint
fluid coupling for the Freedom station’s
thermal control system. The mechanism
can be applied commercially to
transfer fluid across rotating interfaces,
such as in gun turrets, coal slurries, and
farming machinery.

Spline Screw Comprehensive
Fastening Strategy

John M. Vranish, Electronics Engineer,
Goddard Space Flight Center

A fastener developed for assembly,
maintenance, and equipment replace-
ment operations in space also has
down-to-Earth manufacturing applica-
tions. Use of the "spline screw” fastener
in prime subassemblies would enable
machines to disconnect and replace
parts with ease, reducing product life
cycle costs and enhancing the quality,
timeliness, and consistency of repairs
and upgrades.

Commercial Application of an
Innovative Nut Design

Jay Wright, Materials Research Engineer,
Johnson Space Center

A nut developed for space station use
allows a fastener to be inserted or
removed from either side by simply
sliding the fastener in or out of the nut.
Detentes on either face of the nut
ensure positive engagement of the

threads. The nut has applications
wherever a fastener needs to be taken
on and off quickly or used on a
threaded part which could become so
damaged that a conventional nut
could not be removed.

Inflatable Traversing Probe Seal
Paul A. Trimarchi, Mechanical Engineer,
Lewis Research Center

Mr. Trimarchi will describe an inflatable
seal that acts as a pressure-tight zipper
to provide traversing capability for
instrumentation rakes and probes. The
seal can replace sliding face-plate/O-
ring systems in applications where
lengthwise space is limited.

(Session D2)
Artificial Intelligence

CLIPS: An Expert System Building Tool
Gary Riley, Computer Engineer,
Software Technology Branch, Johnson
Space Center

The C Language Integrated Production
System (CLIPS) provides a complete
environment for the development and
delivery of rule- and/or object-based
expert systems. CLIPS offers a low-cost
option for developing and deploying
expert system applications across a
wide range of hardware platforms.

Fuzzy Logic Applications to Expert
Systems and Control

Dr. Robert N. Lea, Aerospace Engineer,
Johnson Space Center

Commercial use of fuzzy technology in
Japan and China indicate that it should
be exploited by government and
private industry to save energy and
reduce human involvement in industrial
processes. Johnson Center researchers
have applied fuzzy logic in guidance
control systems for space vehicles,
control of data processing during
rendezvous navigation, collision
avoidance algorithms, and camera
tracking controllers. The technology
may also find use in diagnostic systems,
control of robotic arms, pattern
recognition, and image processing.

Neural Network Technologies
James A. Villarreal. Computer Engineer.
Johnson Space Center

Mr. Villarreal will describe the Neural
Execution and Training System (NETS), a
soffware tool designed to facilitate and
expedite the use of neural network
technology in industry, government,
and academia. Neural networks have
been successfully applied to modeling
and data fusion problems, robotics,
structural design, speech synthesis,
financial forecasting, spectrographic
analysis, and many other areas. This
presentation will highlight various
commercial projects under develop-
ment with NETS.

From Biological Neural Networks to
Thinking Machines

Dr. Muriel D. Ross, Research Scientist,
Ames Research Center

Dr. Ross is studying the three-dimen-
sional organization of a simple biologi-
cal neural network found in inner ear
organs of balance to uncover basic
principles of neural organization and
function. This effort will result in new
applications of biological attributes to
artificial systems, and could lead to the
development of highly-intelligent
parallel-processing computers.

(Session D3)

Biotechnology

The Microassay on a Card—A
Rugged, Portable Immunoassay
Dr. David Kidwell, Research Scientist,
Naval Research Laboratory

The Microassay on a Card (MAC), a
portable, handheld immunoassay, can
test for a wide variety of substances in
the environment. Intended for use as an
on-site screen for drugs of abuse in urine
or saliva, the MAC may also be applied
to test for intoxication, to identify seized
materials, and to test for environmental
pollutants.

Flow Immunosensor for Drug Detection
Joel M. Schnur, Head, Molecular
Science and Engineering Center, Naval
Research Laboratory

Dr. Schnur will describe an antibody-
based sensor designed to detect drugs
of abuse. The biosensor is faster, less
expensive, and as sensitive as any
current method for cocaine detection.
It can be operated outside the labora-
tory by personnel with no scientific
training. Opportunities exist for Coop-
erative Research and Development
Agreements.

Nucleic Acid Probes in Diagnostic
Medicine

Phillip A. O’Berry, National Technology
Transfer Coordinator for Animal Science,
US Department of Agriculture

Mr. O’Berry will discuss the application
of nucleic acid probe technology to the
diagnosis of disease in humans and
animals, and will present examples of
commercially-promising probes.

The Rotating Spectrometer: New
Biotechnology for Cell Separations
David A. Noever, Universities Space
Research Association, and Helen C.
Matsos, Marshall Space Flight Center

A new rotating spectrometer, able to
separate previously inseparable cell
cultures, is intended for use in pharma-
cological studies requiring fractional
splitting of heterogeneous cell cultures
based on cell morphology and
swimming behavior. Unlike standard
separation and concentrating tech-
niques such as filtration or centrifuga-



tion, the instrument can separate motile
from immotile fractions.

(Session D4)
Electronics

Method for Producing High-Quality
Oxide Films on Surfaces

Mark W. Ruckman. Associate Physicist,
Brookhaven National Laboratory

Mr. Ruckman will describe a new
method for the reactive deposition of
metal oxide and other inorganic
compound thin films for use in micro-
electronic devices fabricated on
compound semiconductors and high-
temperature superconducting oxides.
The technology can be integrated with
ion, electron, or photon beam methods
used to accelerate or selectively
promote deposition and etching.

Advanced Silicon on Insulator

Tec

Francis J. Kub, Senior Research Engineer,
and David J. Godbey. Research
Chemist, Naval Research Laboratory

Navy researchers have developed
bonding. thinning, and selective etching
techniques for producing ultra-thin
silicon on insulator materials. These
techniques can be used to fabricate
silicon membranes, balometers, and
other devices requiring free-standing
thin-film silicon. Other applications
include high-voltage/high-temperature
power devices, backside-illuminated
thinned CCD imagers, and x-ray masks.

High-Temperature Superconducting
Stripline Filter

J.J. Bautista, Technical Group
Supervisor, Jet Propulsion Laboratory

Mr. Bautista will describe the fabrication
of a five-pole interdigital stripline filter
made of the 93K superconductor
Y,Ba,Cu,O, coated on a silver substrate.
The filter features a center frequency of
8.5 GHz and an extremely high rejection
ratio of 80 dB.

An Adijustable rf Tuning Element for
Microwave, Millimeter Wave, and
Submillimeter Wave Circuits

William R. McGrath, Technical Group
Leader, Jet Propuision Laboratory;
Victor Lubecke and David B. Rutledge.
Dept. of Electrical Engineering,
Cailifornia Institute of Technology

The presenters have developed an
adjustable rf tuning element consisting
of a series of thin plates that can slide in
unison along a coplanar strip transmis-
sion line to allow active tuning. The
structure can be fabricated for frequen-
cies as high as 1000 GHz using existing
micromachining techniques. By easing
constraints on circuit design. it will aid in
extending microwave integrated circuit
technology into the high millimeter
wave and submillimeter wave bands.

(Session D5)
Materials Science

Passive Chlorophyll Detector

Leonard A. Haslim, Research Scientist,
Ames Research Center

Using a low-cost, uniquely-dyed optical
filter plastic sheet, the Passive Chioro-
phyll Detector enhances the visual
discrimination of vegetation and trees in
varying states of health. The invention’s
far-reaching applications include
enabling farmers to identify and nurse
or replant unhealthy sections of their
fields to achieve higher crop yields, and
serving as an early warning device for
environmental scientists monitoring the
health of forests and wetlands exposed
to acid rain or contaminated ground-
water.

Commercial Application of Thermal
Protection System Technology
Gordon L. Dyer, Technology Transfer
Officer, Martin Marietta Manned
Space Systems

Thermal protection system materials
and processes developed for the space
shuttle’s external tank have been
reapplied in a new type of children’s
lunch box—a microwavable urethane
foam insulation container that keeps a
prepackaged meal warm for four to
five hours. Two major food manufactur-
ers are currently considering licensing
the high-tech foam container.

Oxynitride Glass Fibers

Donald R. Messier, Research Ceramic
Engineer, Materials Technology Labora-
tory. US Army Laboratory Command
Oxynitride glasses offer exciting
opportunities for making high-modulus,
high-strength glass fibers. Mr. Messier will
describe processes for fabricating
oxynitride glasses and fibers in composi-
tions similar to commercial oxide
glasses, but with significantly enhanced
properties.

Commercial Applications of
Advanced Photovoltaic Technologies
R.D. McConnell, Technology Transfer
Manager, Solar Energy Research
Institute

Mr. McConnell will describe research
into high-tech photovoltaic materials
including lil-V, II-VI, amorphous silicon,
and crystalline silicon, and will highlight
possible spinoff applications such as
optoelectronics and space power
systems.

(Session D6)

Software Engineering

Software

Emest M. Fridge, Deputy Chief, Software
Technology Branch, Johnson Space
Center

During space shuttle development,
Johnson Center engineers created a set

of tools to develop and maintain
FORTRAN and C code. This tool set forms
the basis for an integrated environment
to reengineer existing code into modern
software engineering structures which
are easier and less costly to maintain
and which allow straightforward
translation into other target languages.

COSTMODL: An Automated Software
Development Cost Estimation Tool
George B. Roush, Software Engineer,
Johnson Space Center

One of the most widely used software
cost estimation tools, COSTMODL can
help reduce the risk of cost overruns
and failed projects. COSTMODL has an
intuitive user interface and extensive on-
line help system, and can be custom-
ized to a particular user environment. It
can be used for in-house cost manage-
ment, cost analysis consulting, or for
research.

Increasing Productivity through Total
Reuse Management

Mary Pat Schuler, Aerospace Technolo-
gist, Langley Research Center

NASA Langley is promoting total reuse
management (TRM) as a way to lower
software development costs, reduce
risk, and increase code reliability. Ms.
Schuler will describe methods used to
adopt TRM, and will discuss the reuse of
products from all phases of the software
life cycle.

How Hypermedia Can Increase
the Productivity of Software
Development Teams

L. Stephen Coles, Group Chief Tech-
nologist, Institutional Data Systems,
Jet Propulsion Laboratory

Mr. Coles will describe how the produc-
tivity of software developers can be
dramatically improved through the use
of hypermedia, the seamiless integration
of disparate data structures—including
text, graphics, animation, voice, and
full-motion video—in a graphical user
interface. The presentation will cover
basic machine architecture, special-
purpose video boards, video equip-
ment, optical memory, software for
animation, voice 1/O. and networking
and integration issues.

Concurrent Technical Sessions
1:00 pm—3:00 pm

(Session E1)

Advanced Manufacturing

Neville I. Marzwell, Jet Propulsion
Laboratory, and Alexander Chen,
Scientific Research Associates

The presenters will demonstrate a
prototype robot with built-in intelli-



gence. It features 18 degrees of
freedom, comprised of two articulated
arms, a movable robot head. two CCD
cameras for producing stereoscopic
views, an articulated cylindrical lower
body, and an optional mobile base.
The robotic system addresses a broad
spectrum of manufacturing demands,
including both complex and labor-
intensive jobs.

Neural Network Software for
Distortion-Invariant Object Recognition
Max B. Reid and Lilly Spirkovska.,
Research Scientists, Ames Research
Center

Ames has created neural network
software that performs the complete
feature extraction/pattern classification
paradigm required for automatic
pattern recognition. The software is
being used in an autonomous robotic
vision system which could have
extensive application in robotic
manufacturing.

Constraint-Based Scheduling

Monte Zweben, Assistant Chief, Artificial
Intelligence Research Branch, Ames
Research Center

Mr. Zweben will describe the Space
Shuttle Ground Processing Scheduling
system, which uses artificial intelligence
search methods to solve large-scale
scheduling problems. The system can
be applied to a variety of scheduling
problems. In the manufacturing
domain, it can help to minimize set-up
time or tardiness.

COMPASS: A General-Purpose
Computer-Aided Scheduling Tool

Dr. Barry R. Fox, Project Leader,
McDonnell Douglas Space Services Co;
and Christopher Culbert, Technical
Monitor, Software Technology Branch,
Johnson Space Center

COMPASS is an powerful, interactive
planning and scheduling system with a

mouse-driven, X-Windows user interface.

It can be used to manage activities
subject to timing constraints, ordering
constraints, Boolean conditions, and
resource availability, and to manage a
wide range of resources including tools,
electricity, and water.

(Session E2)
Data and Information

Management

ELAS: Powerful General-Purpose Image
Processing Software

David Walters, Electronics Engineer,
Information Systems Division, Stennis
Space Center

Originally developed to process
Landsat images, the ELAS software
package has evolved to handle a vast
range of data types including MR, soil
maps. topographic and rainfall data,
and sonar images. Mr. Walters will

describe applications in such fields as
agriculture, forestry, and geology. and
will highlight important new enhance-
ments to the software.

TAE Plus: A NASA Tool for Building and
Managing Graphical User Interfaces
Martha R. Szczur, TAE Project Manager.
Goddard Space Flight Center

Transportable Applications Environment
Plus is @ WYSIWYG tool for designing.
building, and tailoring an application’s
graphical user interface. Its main
component is the WorkBench, which
allows the application developer (who
need not be a programmer) to
interactively construct an application
screen’s layout and manipulate
graphical objects such as menus,
buttons, icons, and dials. TAE Plus is used
in such disciplines as image processing.
simulation, network management, real-
time command and control, database
management, and office automation.

Instrumentation, Performance
Visualization, and Debugging Tools
for Multiprocessors

Jerry C. Yan and Charles E. Fineman,
Sterling Federal Systems; Philip J.
Hontalas, Ames Research Center

As part of a major effort to advance
multiprocessor parallel computing
performance, NASA Ames is developing
techniques to efficiently monitor and
visualize parallel program execution.
Such techniques will help simplify the
debugging and tuning of parallel
programs. The presenters will describe
various prototype software tools and
their incorporation into the run-time
environments of hardware testbeds.

The Data Egg: One-Handed Text Entry
Without Positional Constraints

Gary L. Friedman, Technical Group
Leader, Jet Propulsion Laboratory

JPL researchers have devised a small,
handheld unit that allows text entry with
only one hand. Dubbed the Data Egg. it
can be operated in any position, either
autonomously or tethered to a personal
computer. This invention will benefit the
handicapped and those normally
barred from using a computer on the
job, such as astronauts and journalists.

(Session E3)
Electronics

Thermoacoustic Refrigeration
Steven L. Garrett and Thomas Hofler,
Naval Postgraduate School

The presenters will demonstrate the first
practical, autonomous thermoacoustic
refrigerator, which employs high-
amplitude sound in inert gas to pump
heat. Scheduled for fight on the space
shuttle, the acoustically-resonant
refrigerator has only one moving part,
no sliding seals, and uses inexpensive
components. Since thermoacoustic
refrigerators use no CFCs and have

coefficients of performance compa-
rable with vapor compression cycle
refrigerators, they are good candidates
for food refrigeration and commercial/
residential air conditioning applications.

Ambient Temperature Recorder
Larry D. Russell, Electronics Engineer,
Ames Research Center

The ATR-4 ambient temperature
recorder is a small battery-powered
device that records 32 kilobytes of
temperature data from four channels,
over a range of -40° to +60°C at
sampling intervals from 1.88 to 15
minutes. Data is stored in its internal
memory for subsequent readout by a
personal computer. Developed for use
on the space shuttle, the ATR-4 can
answer a variety of needs for a small,
remote, unattended temperature
recorder, such as in transportation of
perishables and recording life system or
process temperatures over time.

Fiber-Optic Push-Pull Sensor Systems
Steven L. Garrett and David A. Brown,
Naval Postgraduate School

The Navy has created fiber optic "push-
pull” sensors that greatly enhance the
optical fiber's response to the
measurand of interest while providing
common-mode rejection of spurious
environmental effects such as pressure
or temperature changes. The presenters
will describe several new fiber optic,
interferometric accelerometers and
acoustic pressure sensors which
generate such large optical phase
modulations that their signals can be
demodulated with inexpensive lasers
similar to those used in CD players.

Commercial Capaciflector
John M. Vranish, Electronics Engineer,
Goddard Space Flight Center

Goddard researchers are developing a
capacitative proximity/tactile sensor
with unique performance capabilities
for use on space robots and payloads.
The simple, robust sensor will enable
robots to avoid collisions with humans in
orbit and to dock payloads in a
cluttered environment. Mr. Vranish will
report on NASA's efforts to “spin” this
technology off into the private sector.

(Session E4)
Environmental Technology

Water Quality Monitor
Warren C. Kelliher, Langley Research
Center

A portable x-ray fluorescence spec-
trometer developed for the Viking
mission to Mars has been adapted for
terrestrial use. Called EMPAX (Environ-
ment Monitoring with Portable Analysis
of X-ray), the unit answers a critical
need for on-site, real-time analysis of
toxic metal contamination. The
government is seeking a commercial
manufacturer for EMPAX.



Remote Semi-Continuous Flowrate
Logging Seepage Meter

William M. Reay. Virginia Polytechnic
Institute and State University, and Harry
Waithall. Langley Research Center

The presenters have created a remote
semi-continuous flowrate logging
seepage meter that enables direct
assessment of ground water discharge
and associated solute fluxes. It is
designed to replace current manually-
operated meters.

Caicification Prevention Tablets
G.A. Lindsay. Naval Weapons Center

The subject invention is a slow-release
tablet for preventing or removing
calcium crust and build-up in pipes and
containers that process hard water and
other calcium-containing fluids.
Extremely effective in sea water, the
tablet is biodegradable and nontoxic. It
can be used in urinals, commodes,
drain., and holding tanks.

Automated Carbon Dioxide

Cleaning System

David T. Hoppe, Marshall Space Flight
Center

An environmentally-safe cleaning
system jointly developed by NASA, the
Air Force. and Martin Marietta uses
solidified carbon dioxide pellets to blast
the surface to be cleaned. The process
can be automated using a program-
mable robot. Results from cleaning a
variety of substrate materials has shown
the system to be capable of reducing
the amount of chlorofluorocarbon-
based cleaning fiuids and in some
cases totally eliminating their use,

(Session E5)
Materials Science

Applications of Biologically-Derived
Microstructures

Joel M. Schnur, Head, Molecular
Science and Engineering Center.
Naval Research Laboratory

Navy scientists have fabricated hollow
0.5 micron diameter cylindrical-shaped
microstructures using modified lipids
and the self-assembly provided by
nature. Potential applications for the
microstructures include controlled
release of biocide for antifouling paint.
composites for electronic and magnetic
uses, and high-power microwave
cathodes.

Structural Modification of Polysacchar-
ides: A Biochemical/Genetic Approach
Roger Kern and Gene Peterson.

Space Biological Sciences Group,

Jet Propulsion Laboratory

This presentation will describe the
development of unique biological
techniques for adapting polysacchar-
ides for use in electronic and optical
devices. The ability to manipulate
polysaccharides genetically and
chemically will have an immediate
impact on current commercial applica-
fions based on rheological properties.
such as materials coatings. pharmaceu-
tical delivery systems, and food
additives.

Cryogenic Focusing, Ohmically
Heated On-Column Trap

Stephen R. Springston, Department of
Applied Science, Brookhaven National
Laboratory

Mr. Springston will present a new
method for thermally desorbing volatile
solutes that have been cryogenically
trapped within a capillary. Advantages
of this frap for gas chromatographic
analyses include fast response, simplic-
ity, and elimination of connections.
Other applications include physico-
chemical studies. sample modulation
chromatography, and restrictors for
supercritical fluid chromatography.

Study of the Effect of Hydrocarbon
Contamination on PFTE Exposed
to Atomic Oxygen

Morton A. Golub and Theodore
Wydeven, Research Scientists,
Ames Research Center

As part of an effort to improve the
surface properties of PFTE (commonly
known as Teflon™), Ames researchers
are using x-ray photoelectron spectros-
copy analysis to study the effect of
hydrocarbon contamination on PFTE
exposed to an oxygen plasma. Their
work will lead to the development of
better surface-modified PFTE products
for the medical and industrial markets.

(Session E6)
Medical Advances

Applications of the Strategic Defense
Initiative’s Compact Accelerator
Technology

Nick Montanarelli, Deputy Direct, Office
of Technology Applications. Strategic
Defense Initiative Organization

The Strategic Defense Initiative’s
investment in particle accelerator
technology for its energy weapons
program has produced small and
powerful accelerations with a variety of

“spinoff” medical applications. These
include a radio frequency quadropole
linear accelerator for a cancer therapy
unit, a compact induction linear
accelerator to sterilize medical prod-
ucts.and accelerators to produce the
radioactive isotopes used as
radiopharmaceuticals for positron
emission tomography.

Acoustically-Based Fetal Heart

Rate Monitor

Allan J. Zuckerwar, Langley Research
Center, and Dr. Donald A Baker,
Baker Guardian Medical Labs

A new fetal heart rate monitor, using
piezopolymer pressure sensors on a belt
worn by the mother, can identify the
fetal heart tone from among competing
background signals and, through signal
processing. yield a real-time evaluation
of the fetal heart rate. The monitor is
inexpensive and lends itself to an
ambulatory mode of operation,
whereby the mother can conduct fetal
non-stress tests in her home.

Surgical Force Detection Probe
Ping Tcheng. Charles Scoftt, and
Paul Roberts, Research Engineers,
Langley Research Center

A precision electromechanical instru-
ment detects and documents the forces
and moment applied to human tissue
during surgery. The pen-shaped probe
measures just 6 inches long and features
a tip with an interchangeable scalpel. A
PC-based data system provides signal
conditioning. data acquisition, and
graphics display.

Correcting Night Myopia with Biofeed-
back and a Simple Pocket Optometer
Dr. William B. Cushman, Research
Physiologist, Naval Aerospace Medical
Research Laboratory

Navy researchers are using a pocket
optometer to implement biofeedback
training to correct night myopia.
Although developed to improve pilots’
night vision, the lightweight. handheld
optometer could benefit others,
including children with “student
myopia.”

Concurrent Government-
Industry Workshops
4:30 pm—6:00 pm

(Presenters to be announced)

Agencies holding workshops during this

period will include:

* Department of Defense

« Department of Health and Human
Services

¢ Department of Veterans Affairs

« National Aeronautics and Space
Administration

SEE NEXT PAGE FOR REGISTRATION INFORMATION



Reserve Your Place At Technology 2001 Today

Save time and money: Preregister for Technology 2001 using
the convenient form below. Mail the completed form with
check payable to the Technology Utilization Foundation, or
fax it with credit card information to (212) 986-7864 (VISA and
Mastercard accepted). To register by phone. call (212) 490-
3999. Government organizations may register using a pur-
chase order. Deadiine for preregistration is November 8.

Choose from four types of registrations:

» Complete Registration—includes technical sessions,
workshops, and exhibits for all three show days; tickets to
the opening reception on Monday, Dec. 2 and the
Technology Transfer Awards Dinner on Wednesday,

Dec. 4; and a copy of the Technology 2001 proceedings.
Symposia/Exhibits Registration—covers technical sessions,
workshops, and exhibits for all three days.

» One-Day Symposia/Exhibits Registration

» One-Day Exhibits Only Registration

By 11/8 On-Site
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Symposia/Exhibits Reg. $200 $225
One-Day Symposia/Exhibits Reg.  $100 $125
One-Day Exhibits Only Reg. $25 $30

Federal government employees are entitled fo a 50 percent
discount on above prices. Discounts are also available to
groups of ten or more; call (212) 490-3999 for details.

Tickets to the Technology Transfer Awards Dinner may be
purchased separately for $150 each using the preregistration
form or by calling (212) 966-3100. Preregistrants can pick up
their badges and reception/dinner tickets at the San Jose
Convention Center, 150 West San Carlos St., during the hours
listed below. Registration confirmations will be sent via mail.

On-Site Registration Hours

Monday, December 2 8:00 am - 5:00 pm
Tuesday, December 3 7:00 am - 4:00 pm

Wednesday, December 4 7:00 am - 4:00 pm
Thursday, December 5

7:00 am - 3:00 pm

The new San
Jose Conven-
tion Center is
situated in the
heart of Silicon
Valley.

Special Hotel Rates

Hotel space is limited, so act early to secure these special
conference rates:

Single Double
Fairmont Hotel $105 $105
(headquarters hotel)
(800) 527-4727
Hyatt San Jose $85 $105
(408) 993-1234
Red Lion $80 $80
(408) 453-4000
Hotel De Anza $116 $130
(800) 843-3700

The Fairmont and Hotel De Anza are within walking distance
of the Convention Center; the Hyatt and Red Lion are approx.
ten minutes away by Light Rail—San Jose’s modern, efficient
public transit system. When making reservations, you must
mention Technology 2001 to obtain the special rates.

Transportation Discounts

Ground: Herfz Corp. is offering special discounted car rental
rates with unlimited mileage. For reservations, call Hertz
Meeting Services at (800) 654-2240 and identify yourself as an
attendee of Technology 2001, meeting #9208.

Air: Discounted air fares are available to Technology 2001
attendees through American Airlines. Call American Airlines’
Meeting Service Desk at (800) 433-1790 and ask them to
display Star File #S01N1BG. Make reservations as the lowest
applicable fare from your departure city and give your
mailing address. Nepal Travel Bureau—the official travel
agency for Technology 2001—will mail you the tickets. For
follow-up inquiries about your tickets, call Nepal Travel at
(800) 666-4519.

An Ideal Location

The Convention Center is located just three miles from San
Jose International Airport, and offers plenty of indoor parking.
At the heart of the downtown cultural center, the Convention
Center is within easy walking distance of restaurants, shops,
and entertainment. For information on cultural activities,
attractions, and tours, call the San Jose Convention and
Visitors Bureau at (408) 295-9600.

Questions? Call Joseph Pramberger or Justina Cardillo at
(212) 490-3999.

Technology 2001 Preregistration Form

Use a separate form or photocopy for each registrant. Type or print
clearly.
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Awards Dinner Only 180 Sates
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to a $50 cancellation fee. After that date no cancella-
tions will be accepted and no money refunded.

Return with payment to: Technology Utilization Foundation, 41 East 42nd St., Suite 921, New York, NY 10017
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Mathematical Model for Deposition of Soot

This model is expected to be more generally applicable than prior
experimental correlations have been.

Marshall Space Flight Center, Alabama

A semiempirical mathematical model
predicts the deposition of soot in a tubular
gas generator in which hydrocarbon fuel
is burned in a very-fuel-rich mixture (equiv-
alence ratio of the order of 10) with pure
oxygen. The model was developed in re-
sponse to concern over the deposition of
soot in the gas generators and turboma-
chinery of rocket engines. The model may
also be of interest in terrestrial applications
that involve fuel-rich combustion or anal-
ogous processes; eg., the purposeful de-
position of soot to manufacture carbon
black pigments.

Previously, the deposition of soot in rock-
et gas generators was studied by making
crude empirical correlations between
measurements of differential pressures
and inferred measurements of soot. In
contrast, this model is based on the phys-
ics of aerosols and is meant to be calibrat-
ed by correlation with direct measure-
ments of the formation and deposition of
soot, including measurements of the scat-
tering of laser light from soot and laser
measurements of flow fields. Once so cal-
ibrated, the model is expected to be gen-
erally applicable to gas generators of vari-
ous configurations.

The principal mechanisms in the model
are (1) inception of the solid soot particles
from gaseous products of combustion, (2)

the increase in the sizes and masses of
soot particles that results from surface re-
actions with gas-phase hydrocarbons, and
(3) deposition via thermophoresis (the
transfer of mass down a gradient of tem-
perature). The first and most important
equation of the model is the one that ac-
counts for the volume fraction of soot (the
volume of soot per unit volume of flow) as
a function of time. The right side of this
equation consists of a term that accounts
for inception and a term that accounts for
growth. This equation can be used to cal-
culate the volume fraction of soot as a
function of position along the axis of a gas
generator by assuming that the flow is one-
dimensional and converting the time var-
iable to the equivalent axial position.

The two critical variables in the equa-
tion are the rate of inception of particles
(which is a function of injector mixing) and
the rate of growth of soot on the surfaces
of the particles. These variables were
chosen because they can be quantified
empirically via laser measurements of the
soot and flow field.

The second major equation of the mod-
el is the one that accounts for the gross
deposition of soot particles from the flow
onto the wall. This equation uses well-de-
fined correlations among local coefficients
for the transfer of heat and mass to deter-

mine the local coefficients for the deposi-
tion of soot. One factor in this equation is
the volume fraction of soot calculated in
the first equation. The coefficient for the
transfer of mass in the deposition of soot
is found by using the conventional analogy
between the transfers of heat and mass
and accounting for thermophoresis. The
thermophoretic influence on deposition is
characterized by the ratio between the
temperature of the wall and the tempera-
ture of the free-stream part of the flow.

The amount of soot ultimately deposited
on the wall is calculated as the difference
between the gross amount deposited (cal-
culated as described above) and the
amount of previously deposited soot that
is sheared off the wall by the flow. The
equation for the fraction sheared off is
based on a semiempirical soot-layer-ad-
hesion-strength criterion that has been
found to be accurate in studies of the
adhesion of dust and includes an assumed
log-normal distribution of the force re-
quired to remove a particle of soot from
the surface. The force that causes the
removal of soot is assumed to correspond
to the wall shear stress.

This work was done by Darby B. Makel
of Aerojet TechSystems for Marshall
Space Flight Center. For further informa-
tion, Circle 145 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer
to MFS-28506.

Improved Gas-Gap Heat Switch

Residual conductance in the “‘off'’ state is reduced.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Four modifications in the design of a
gas-gap heat switch decrease its residual
thermal conductance in the “off" state,
thereby making it act more nearly like a
true on/off switch. Gas-gap heat switches
are used in cryogenic systems; for exam-
ple, to connect and disconnect redundant
coolers with a single load. Gas-gap heat
switches have no moving parts and, there-
fore, offer reliability and long operating life.

In a gas-gap heat switch of the type
described here (see-figure), the gap is the

NASA Tech Briefs, August 1991

space between interdigitating fins and
slots machined into lengthwise-mating
copper cylinders. The copper cylinders are
sealed in a supporting stainless-steel tube,
and the gap is made much less thermally
conductive (the switch is turned “off"’) by
evacuating it. The gap is made more ther-
mally conductive (the switch is turned
“on"") by filling the evacuated gap with
neon, nitrogen, hydrogen, helium, or other
suitable gas from a gas-adsorption pump.
The gas-adsorption pump could be, for ex-

ample, a bed of charcoal that is heated
to fill, and cooled to evacuate, the gap.

In many actual and potential applica-
tions, the “‘hot" side of the heat switch can
be considerably hotter (eg., at 300 K) than
the cold side is (eg., at 80 K). At such large
differences in temperature, the residual
conductance in the *“'off'’ state caused by
parasitic radiation across the gap and con-
ductance in the supporting cylinder can
result in unacceptably high transfer of heat
across the nominally “off"” switch. In ad-
dition, differences among the thermal ex-
pansions of the hot and cold copper cylin-
ders and the stainless-steel supporting
cylinder can result in contact between the
tips of fins and the bottoms of slots, with
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Portable Blackbody Calibration
Source features high emissivity
& remarkable accuracy of 0.05%!

NIST
Traceable

T

Mikron’s M360 blackbody radiation calibration
source features a spherical cavity with a 25mm
(1.0") dia. aperture, operates over the 50 to
1100°C range with an emissivity of +0.999 +0.005
and resolution of 0.1°. Source and controller are
housed in separate modules, permitting remote
location of the source.

The M360 is one of 8 different precision Mikron
units for calibration of infrared thermometers,
radiometers, FLIR, heat flux meters, etc. covering
a span from sub-zero to 3000°C.

® Send for
M I KRON information
; today!

445 W. Main St., Wyckoff, NJ 07481 U.S.A.
TEL: 201-891-7330 - FAX: 201-891-1205
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Thermofoil
Heater/Sensors

Medical diagnostic instrumentation ® Aerospace devices

FUNCTION

Flexible heaters have their.own built-in temperature sensors for fast
response and tight control.

* Kapton, silicone rubber, polyester insulation

* Resistance thermometers with platinum and other elements,
thermocouples, and thermistors

* Irregular shapes and profiled heat patterns adapt to any heat sink
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The Old and New Versions of the gas-gap heat switch differ in the
surface finish of the fins, the thickness of the stainless steel supporting
cylinder, the size of the gaps at the ends of the fins, and the plumbing
for the gas.

a consequent large increase in thermal conduction.

The four modifications reduce these undesired contribu-
tions to the “off*-state conduction. They are as follows:

1. Whereas previously the fins were made by electrical-
discharge machining, in the improved version they were
made by a carbide circular saw, then lapped by hand to
the precise 0.002 in. (0.05 mm) gap dimension, then
polished by hand, then electroplated with low-emissivity
gold to reduce the radiative transfer of heat from the hot
side to the cold side.

2. To reduce parasitic conductance along the supporting
stainless-steel tube, the thickness of the wall of this tube
was reduced from 0.004 in. (0.1 mm) to 0.002 in. (0.05
mm). Three circumferential stiffening ribs were added to
prevent collapse under high differential pressures.

NASA Tech Briefs, August 1991



3. To prevent contact caused by differen-
tial thermal expansion, the clearance be-
tween the tips of the fins and the bot-
toms of the slots was increased from the
previous value of 0.002 in. (0.05 mm) to
0.005 in. (0.13 mm).

4. Whereas the gas flowed in and out

Compact Apparatus for Growth of Protein Crystals A

through passages in both the hot and
cold sides in the previous version, the
modified version includes passages on
the hot side only. This feature both mini-
mizes the parasitic transfer of heat
through the gas and simplifies construc-
tion.

Growth can be initiated and terminated automatically.
Marshall Space Flight Center, Alabama

A compact apparatus proposed spe-
cifically for the growth of protein crystals
in microgravity could also be used in ter-
restrial laboratories in which it is desired
to initiate and terminate growth at pre-
scribed times automatically. The apparatus
would have few moving parts. It would also
contain no syringes, which are difficult to
clean, load, and unload and which can in-
troduce contaminant silicone grease into
the crystallization solution. After the growth
of the crystals was terminated, the speci-
mens could be retrieved and transported
simply.

The apparatus (see figure) would be a
12- by 8- by 2-cm transparent, polycar-
bonate tray assembly that would contain
24 crystal-growth chambers, each 15 mm
in diameter and 16 mm deep. Centered
within each chamber would be a movable
pedestal (piston), a guide sleeve, and an
O-ring seal. At the tip of each pedestal
(piston), there would be a depression, 3
mm deep and 5 mm in diameter, that
would serve as a crystal-growth compart-
ment. Each such depression could con-
tain up to 0.1 mL of the protein/precipitant
mixture.

The sleeves and O-rings would allow the
pedestals to move vertically approximately
3 mm while maintaining the seals among
the chambers. The 4-mm annulus formed
by the walls of the chambers and the
pedestal would serve as the reservoir for
the precipitant solution. A doughnut-shaped
wick of high-molecular-weight polyethylene
or other porous material would fit into the
annulus to contain the precipitant solution
and to provide adequate surface area for
the vapor-equilibration crystal-growth proc-
ess to occur.

Under normal conditions, a protein/pre-
cipitant solution would be placed in the
crystal-growth compartment in each ped-
estal while the precipitant solution was
added to the annulus containing the
porous wick. The solutions in the tray as-
sembly would then rapidly be frozen to a
temperature of —150 °C or lower and re-
main frozen until the experiment was ac-
tivated. Upon activation, the solutions
would be allowed to thaw — initiating the
growth process — and then maintained
at a constant temperature.

To terminate growth, a ganging mecha-
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nism under the tray would simultaneous-
ly seal the 24 crystal-growth compart-
ments by pushing the pedestals in them

This work was done by Chung K. Chan
of Caltech for NASA’s Jet Propuilsion
Laboratory. For further information, Cir-
cle 125 on the TSP Request Card.
NPO-18136

W

up against a 12- by 8-cm strip of polypropy-
lene tape supported under a 12- by 8- by
2-cm polycarbonate tray cover. The cover
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would provide additional containment for
the experiment and reinforce the tape. The
specimen in each chamber could be re-

moved by simply cutting through the tape i o

seal over the desired chamber and remov- ]

.
ing the crystals, leaving the other experi- o @

ments undisturbed.

In cases in which freezing would nega-
tively affect crystallization, the tray cover
could be modified to provide an O-ring seal
for each crystal-growth compartment. In
this configuration, growth would be initi-
ated when the ganging mechanism moved
the pedestals away from the cover, thus
allowing communication between the
crystal-growth compartments and the
precipitants. Growth would be terminated
by using the ganging mechanism to move
the pedestals back into the original sealed
position. In a variant of this concept, tape
would be used to seal the crystal-growth
compartments both before activation and
at the time of termination of growth.

O-Ring Seal

Pedestal
(Piston)

Crystal-Growth
Compartment

Reservoir for
Precipitant Solution

This work was done by Daniel C. Carter
and Teresa Y. Miller of Marshall Space
Flight Center. For further information, Cir-
cle 152 on the TSP Request Card.

Inquiries concerning rights for the com-

at prescribed times.

mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall

This Compact Vapor-Diffusion Apparatus for the growth of protein crystals would
enable experimenters to initiate and terminate growth by remote or automatic control

Space Flight Center [see page 14]. Refer
to MFS-28507.

Scanning X-Ray or Extreme-Ultraviolet Monochromator

The angle of incidence would be varied to change the wavelength of Bragg reflection.

Enlightens Your
Project Management Team

VIS1ION/VAX from Galaxy Applied Engineering,
Inc. provides your project management team with
full function capabilities in easy-to-learn formatted
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of establishing and tracking large projects.
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Galaxy Applied Engineering, Inc.
770 Airport Boulevard
Burlingame, CA 94010

Tel. 415.347.9953 Fax. 415.357.9536
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Marshall Space Flight Center,
Alabama

The wavelength of peak transmission
of a proposed high-throughput, narrow-
band-pass x-ray or extreme-ultraviolet mon-
ochromator would be continuously adjust-
able. The essential filtering and reflecting
components of the monochromator would
be designed according to the principles
described in the preceding article, “‘Com-
pact X-Ray and Extreme-Ultraviolet Mon-
ochromator” (MFS-28499). However, in this
case, the angle of the mirrors and, there-
fore, the wavelength of peak transmission
(via Bragg reflection from the mirrors)
would be made adjustable.

The scanning monochromator (see
figure) could include one or more pairs of
parallel mirrors on two or more substrates.
The facing surfaces of the substrates in
each pair would be coated with identical
Bragg-reflecting multilayers. Each mirror
would pivot about an axis parallel to its
reflecting faces and would be part of a
parallelogram linkage that would also in-
clude spacer bars. A motor would turn
a lead screw in a threaded way on the
housing of the monochromator. As the
lead screw advanced, it would slide in a
grooved way on one of the mirrors and
would push or pull on the sides of the
grooves, changing the angle of all the
mirrors.

NASA Tech Briefs, August 1991



Broad-Band
(Polychromatic)
Input X-Ray
or Extreme-
Ultraviolet Light

Broad-Band-Pass
Filter To Remove
Visible and Near-
Ultraviolet Light

Bragg-Reflecting
Multilayer Coats

How can you

be sure
your recorder

isn’t handi
ine?

The Scanning X-Ray or Extreme-Ultraviolet Monochromator would Ou a l ne

feature parallel Bragg reflectors on an adjustable parallelogram ®

linkage.

Guide Way

Stepping Motor

7
?
7
%
Z
?
7

XN

S

7

NN

A shaft-angle encoder on the motor would send signals
indicating the angle of the lead screw to monitoring and
controlling equipment outside the vacuum system in which
the monochromator would be operated. The external equip-
ment would compute the angle of the mirrors and the associ-
ated peak-transmission wavelength from the encoder outputs
and would use these computed values as feedback control
signals during a wavelength scan.

Preferably, the mirrors would be scanned through the
range of grazing-incidence angles from 30° to 60°, thereby
scanning from the shortest wavelength to /3 times the
shortest wavelength in the range. Because each facing pair
of mirror surface could be coated with a different Bragg-
reflecting multilayer, each pair of mirrors could cover a
different range of wavelengths. The wavelength range would
be selected by using a stepping motor to move the monochro-
mator housing vertically along a guideway to the position in
which the pair of mirrors for that range would be exposed to
the input beam.

This work was done by Richard Hoover of Marshall
Space Flight Center. For further information, Circle 139 on
the TSP Request Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer to MFS-28492.
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Designing Accelerated Tests of Electromigration

Error analysis helps in the selection of currents, temperatures, and durations.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A method for the design of accelerated
tests of electromigration (as in microscopic
conductors in integrated circuits) is based
partly on a simplified mathematical model
of electromigration and partly on error
analysis. As in other accelerated-aging
methods, the objective is to determine
quickly what the operating life of tested
components would be under normal oper-
ating conditions by extrapolation from life-
time measurements at operating stresses
greater than normal. The design of an ac-
celerated test involves a compromise be-
tween (1) reducing the testing time by in-
creasing the stresses and (2) reducing the
uncertainty in the extrapolated lifetime by
decreasing the stresses.

In the case of electromigration, the
stresses are the applied electrical current
and the temperature. The median time to
failure, t, is used as the measure of operat-
ing life and is assumed to be approximated
by

t = AI=" exp(E,/KT)

where A and n are constants, / is current,
E, is an activation energy, k is Boltzmann's
constant, and T is the absolute tempera-
ture. This equation is first linearized by tak-
ing the natural logarithm of both sides,
then applied to tests at different currents
and temperatures. A minimum of three dif-
ferent combinations of current and temper-
ature are necessary for the determination
of n, E,, and the value of t extrapolated
to normal operating current and tempera-
ture.

The selection of currents and tempera-
tures for these tests is guided by linear-
regression and propagation-of-errors
analyses of the linearized equation. The
figure illustrates such a selection based
on the results of such an analysis. In the
upper part of the figure, each curve is a
contour of constant normalized error éin
t (at normal operating current and tempera-
ture)/éin t (at the test current and tempera-
ture). The upper right corner of this plot
represents the point of maximum stress
(maximum current /.., and maximum
temperature T, ), which is determined by
the capabilities of the testing equipment
and the boundary of the electromigration-
failure regime. The contours were gener-
ated by use of the stress points labeled
1 through 4, with all contours referred to
point 3.

In the lower part of the figure, each
curve is a contour of constant normalized
testing time, S, which is t (at the test cur-
rent and voltage)/t (at /., and T ..).
These contours are computed for the
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Error and TestingTime Contours are used to select test currents and temperatures
different from those represented by points 1 through 4. The contours of constant nor-

malized error (E) were computed by using /

= 10 and T,

operaﬂn operating. —

1 25. The contours of constant normalized testmg time (S) were calcufated by using

= 15and E /KT, = 10.

stress points shown in the upper part of
the figure. Once a total test time is chosen,
other stress points are determined from
the intersections of the constant-time and
constant-error contours. These intersec-
tions can be seen by superimposing the
upper and lower parts of the figure.

This work was done by Martin G.
Buehler of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 55 on the TSP Request Card.
NPO-18012
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Modification of Catadioptric Telescope for Laser Velocimetry

A commercially available unit can be made to work well.
Ames Research Center, Moffett Field, California

Computations and an experiment have
shown that a Schmidt-Cassegrain catadi-
optric (including both reflective and refrac-
tive optics) telescope can be modified for
use in dual-beam laser Doppler velocim-
etry. The issues involved in the modifica-
tion are not trivial, because the imaging
tasks in the two applications are different.
The telescope in a laser Doppler velocime-
ter must focus two Gaussian-profile laser
beams at an intersection that defines the
probe volume and collect the light back-
scattered from the probe volume for final
focusing into a photodetector. The distance
from the telescope to the probe volume is
typically of the order of ten times the focal
length. On the other hand, a typical com-
mercial telescope is designed for viewing
objects at a distance between 50 times the
focal length and infinity and is not optimized
for the simultaneous beam-focusing and
backscatter-collecting functions.

The modification process for a given
telescope is subject to the following issues:
1. Can good performance be obtained by

simply repositioning the optical compo-

nents of the catadioptric telescope?

2. What are the required modifications as
a function of the f-ratio? (The f-ratio is the
distance between the probe volume and
the corrector plate of the telescope, divid-
ed by the diameter of that corrector plate.)

3. What is the aberration limit of the modified
telescope as a function of the f-ratio?

4. What is the resulting collection solid angle
as a function of f-ratio?

5. How well do the modified catadioptric op-
tics perform in comparison to a lens of
similar design?

The analytical approach taken to obtain
answers to these questions emphasized
the use of a simple ray-tracing computer

program to analyze modified optical config- -

urations. The ray-tracing software also in-
corporated a Gauss—-Newton optimization
algorithm, which systematically varied
tagged parameters until successive itera-
tions provided less than a 108 improve-
ment in a target value, typically a point-
focus specification. This feature was quite
useful in the optimization of the collector
system. The root-mean-square blur of ray
bundles originating at the axis vertex in the
object plane and converging to a best focus
in the image plane was used as an indica-
tion of the imaging performance of the op-
tical system. Both point-focus and confocal
backscatter zoom configurations were con-
sidered. Finally, a paraxial Gaussian beam-
propagation calculation was made to eval-
uate the beam-focusing function.

This analytical procedure was first ap-
plied to a generic, aperture-normalized
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A Schmidt-Cassegrain Astronomical Telescope can be optimized by repositioning of its
components to focus two laser beams on a nearby probe volume and confocally collect

light backscattered from the probe volume.

Schmidt-Cassegrain telescope that was
based on an average of the specifications
of several commercial units. The results
of the computation showed that very good
performance could be obtained for f-ratios
as low as 4.0. Two relatively simple alter-
native modification procedures were found
to maintain diffraction-limited imaging
performance:

1. The three active elements (primary mir-
ror, secondary mirror, and corrector plate)
may be independently repositioned (see
figure). This requires a lengthening of the
telescope tube and modification of the
secondary mirror mount.

2. The primary mirror may be relocated, and
the secondary mirror may be replaced.
This again requires a lengthening of the
tube and replacement of the secondary
mirror with a stock convex mirror or with
a reflectively coated lens of the correct
curvature.

The predicted performance of these
modified telescope systems was com-
pared with the predicted performance of
large-aperture commercial lenses. The
probe-volume imaging capability of the
modified telescopes was found to be
superior to that of the lenses for both mono-
chromatic and dichromatic operation. Be-
cause of the central obstruction of the
secondary mirror and the separation of the
primary mirror from the corrector plate, the
collection solid angle of the modified tele-
scopes was considerably less than that of

a lens of equivalent aperture, particularly
at low f-ratio. However, the excellentimag-
ing capabilities and large apertures of the
modified telescopes offset this limitation.
The modified telescope (see figure) was
also predicted to focus laser beams quite
well. The negative-secondary-mirror/posi-
tive-primary-mirror combination provided
a very small (high-energy-density) beam
waist near the probe volume. The beam-
waist and beam-intersection points were
predicted not to coincide (as is generally
the case in dual-beam laser velocimetry).
However, this deficiency may be treated
with additional optics upbeam of the beam
splitter to adjust the beam-waist location.
These promising predictions were tested
in a laboratory. A 200-mm-aperture tele-
scope was purchased and modified to the
predicted optimum configuration for both
point collection and dual-beam focusing.
Measurements of the imaging resolution
and of the diameter and location of the
beam waist agreed well with the predictions.
This work was done by Stephen E.
Dunagan of Ames Research Center. For
further information, Circle 128 on the TSP
Request Card.
This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Ames Research Center [see page
14]. Refer to ARC-12610.
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Books and Reports

These reports, studies, handbooks are avail
able from NASA as Technical Support Pack-
ages (TSP's)when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service.

Aiming Schedule for
Orbiting Astrometric
Telescope

Many requirements and
limitations are balanced
to obtain adequate
measurements.

A report discusses the schedule of ob-
servation times and aiming directions of
the proposed astrometric telescope facility
tobe mounted on the Space Station in orbit
around the Earth. This facility would pri-
marily make repeated observations of the
apparent positions of each of 127 selected
stars with respect to distant reference
stars in the same field of view known to
have unperturbed proper motions. The
purpose of these observations is to detect
motions of the selected stars about cen-
ters of mass and to analyze the harmonic
content of the motions to infer the exist-
ence, number, masses, and orbital radii of
planets.

The preliminary concept of the system
and the associated aiming-schedule algo-
rithm must reflect both observational re-
quirements based on the need to gather
sufficient scientific data and restrictions on
the observations posed by the instrument
itself, the other equipment on the Space
Station, and the motions of natural celestial
bodies. To achieve scientifically meaning-
ful results, it will be necessary to make 20
to 50 complete observations of each star
during 20 years. Each complete observa-
tion will be synthesized from all the data
(representing about 108 collected photons)
on each selected star and its reference
stars to produce one measurement of po-
sition and may require tens of hours of
viewing the same selected star in nonpe-
riodic intervals of about 13 min each.

Some of the complicating factors are
the following:

* To reduce contamination of the telescope
optics by impinging particles, the tele-
scope must not be aimed within 90° of the
orbital velocity.

* Observations cannot be made during or-
bital-reboost and Space-Shuttle-docking
maneuvers.

* The telescope must avoid the Sun and re-
flections of Sunlight from the Earth, Moon,
and parts of the Space Station. The tele-
scope also cannot view stars that are tem-
porarily obscured by these bodies.

* The viewing time must be allocated fairly
among all targets, taking account of such
factors as the viewing time already allocat-
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ed to each star, the need to observe fainter
stars during longer intervals, and the sta-
tistical decrease in brightnesses of stars
with increasing galactic latitude.

* The available viewing time is reduced by
the time required to turn the telescope
from one target to another, plus a 15-sec-
ond settiing time after each change of tar-
get.

To obtain a preliminary indication of
capabilities of the system, computer simu-
lations were conducted, taking into ac-
count the constraints on the telescope, the
science requirements, the orbital mechan-
ics of the Space Station, and the telescope-
aiming maneuvers during 20 years. The
simulations included a “baseline” system
concept and modified versions obtained by
imposing the various constraints as pa-
rameters.

The simulations showed that the facility
should be able to provide each of the 127
stars with a viewing time (normalized with
respect to the dependence of brightness
on celestial latitude to an equivalent time
for a star seen at the celestial equator) of
about 24 hours per year. Because stars at
large galactic latitudes require inordinate
viewing times, longer normalized viewing
times might be obtained by selecting tar-
gets closer to the galactic equator.

Under the “baseline” constraints, the
facility should be able to view all regions of
the sky during its lifetime, spending about
79 percent of its time viewing stars. The im-
position of more severe constraints de-
creases this performance figure only
slightly. Thus, it appears that the efficiency
of the facility can be high and that there
may be time available for other astrophysi-
cal investigations.

This work was done by Alfred C. Mascy
and Charlie Sobeck of Ames Research
Center and Helen Jorgensen of Sterling
Software Co. To obtain a copy of the report,
“Space Station Astrometric Telescope
Tracking for the Detection of Planetary
Systems,” Circle 2 on the TSP Request
Card. ARC-12103

Transpiration Cooling of
Hypersonic Blunt Body

Results of an analytical
approximation and a
numerical simulation
are compared.

A report presents a theoretical study of
the degree to which transpiration can
block the heating of a blunt, axisymmetric
body by use of injected air. Transpiration
cooling has been proposed to reduce
operating temperatures on the nose cones
of proposed hypersonic aerospace vehi-
cles. Analyses of the type presented here
will be important in the design of thermal
protection for such vehicles.

On the basis of previous studies of the
proposed hypersonic flight regime, the
dominant mechanisms of transfer of heat
to the surface are known to be conduc-
tion and convection (radiation is neglect-
ed). In addition, when dissociated atoms
from hot boundary-layer gases reach the
relatively cool surface, they can recombine
and release their energy of formation di-
rectly to the surface. Therefore, the chemi-
cal reactivity or catalyticity of the surface
material can affect heating, and these
chemical effects are taken into account
in this study.

The study involves the use and com-
parison of two methods of analysis: ap-
proximate equations based on similarity
theory, and a numerical simulation via the
nonsimilar, reactive-boundary-layer math-
ematical model embodied in the BLIMPK
computer program. The governing equa-
tions are presented as conservation laws
in a two-dimensional axisymmetric coor-
dinate system fixed to the body with the
origin at the stagnation point. These equa-
tions are supplemented by mechanical
and calorical equations of state and by
boundary conditions. The Levy-Lees trans-
formation is applied to the equations,
grouping dominant effects into specific
terms and putting the equations into forms
more suitable for both algebraic approx-
imation and numerical integration.

Both methods of analysis are applied
to the stagnation region of a sphere/cone
blunt body under the operating conditions
that are expected to result in the maximum
heating of a representative aerospace ve-
hicle during ascent. The heat fluxes com-
puted by the two methods are compared.
The effects of injection of pure nitrogen,
helium, and argon on the heat flux and the
distributions of molecular species in the
boundary layer are also presented. It is
shown how the numerical results from
BLIMPK can be used to develop a correla-
tion between the coefficients for the trans-
fer of heat in the presence of transpiration
and the coefficients for the transfer of heat
obtained from similarity theory. This pro-
vides both a test of the validity of the
similarity theory and a means of using it
rapidly and easily to approximate flows that
deviate only slightly from the similarity
theory. ;

This work was done by William D.
Henline of Ames Research Center. Fur-
ther information may be found in NASA
CR-177516 [N89-24580], ‘‘Transpiration
Cooling of Hypersonic Blunt Bodies with
Finite Rate Surface Reactions.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700.
ARC-12383
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Grease Inhibits Stress-Corrosion
Cracking in Bearing Race

Operating life is extended at low cost.

Marshall Space Flight Center, Alabama

Coating with a suitable grease has been
found to inhibit stress-corrosion cracking
in the bore of the inner race of a ball-bear-
ing assembly that operates in liquid oxy-
gen. The grease apparently protects the
bore and its corner radii from corrosion-
initiating and -accelerating substances like
moisture and contaminants, which can
enter during assembly. Previously, stress-
corrosion cracking in the bore has been
prevented by either (1) maintaining the bore
clean and extensively purging and drying
it, all requiring 72 hours of assembly time,
or (2) shot-peening and nickel-plating the
bore, at a cost of $658 per bearing (1989

3-Percent Saltwater
Applied Here To
Accelerate Corrosion

Trapped
Moisture

Inner Races of ball-bearing assemblies
were tested for resistance to stress-
corrosion cracking by shrink-fitting them
onto a mandrel, applying saltwater, and ex-
posing them to a humid environment.

prices). The principal advantages of coat-
ing with the special grease are that unlike
the previous methods, it is relatively inex-
pensive (about $5 per bearing) and in-
volves very little extra assembly time.

The efficacy of the grease-coating meth-
od was demonstrated in a simple experi-
ment. Three inner races of 440C stainless
steel were prepared. One race was left un-
coated, the bore and corner radii of the
second race were coated with Braycote
640 AC-MS grease, and the bore and cor-
ner radii of the third race were coated with
Krytox grease with a strontium nitrate ad-
ditive. The races were installed on a mo-
lybdenum-coated mandrel (see figure) with
an interference fit at a hoop stress of 45
kpsi (310 MPa) by initially shrinking the
mandrel in liquid nitrogen, then sliding the
races onto the mandrel while it was still
cold.

During the brief interval between re-
moval from the liquid-nitrogen bath and the
installation of the races, moisture con-
densed from the atmosphere onto the
mandrel. When the mandrel warmed up
and expanded into contact with the bores
of the races, the moisture was trapped be-
tween the bores and the mandrel. Any pit-
ting (caused, for example, by corrosion in-
itiated by the trapped moisture) near the
corner radii would concentrate the already
high hoop stress and might thereby cause
the ring to fracture.

The shaft and races were placed in a
humid environment and a 3-percent salt-
water solution was applied to accelerate
corrosion. The uncoated race failed in 7
hours. The greased races lasted more
than a month and had not yet failed when
the results of the experiment were recorded.

This work was done by Robert F. Beatty
and Scott E. McVey of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. For further information, Circle 162
on the TSP Request Card.

MFS-29664

NASA Tech Briefs, August 1991



If you don't find a program in this issue
meets your needs, call COSMIC directly for a free

Computer Programs

These programs may be obtained at a very
reasonable cost from COSMIC, afacility spon-
sored by NASA to make computer programs
available to the public. Forinformation on pro-
gram price, size, and availability, circle the
reference number on the TSP and COSMIC
Request Card in this issue.

Electronic Systems

€2

Design and Analysis of
Linear Control Systems

Programs implement root-
locus and frequency-
response methods.

A package of five computer programs
was developed by the Kennedy Space
Center Robotics Laboratory to assist in the
design and analysis of linear control sys-
tems by the use of root-locus and frequen-
cy-response methods. The BODE program
calculates magnitude and phase as a func-
tion of frequency. The Laplace transformis
expressed as a ratio of factors and their
reciprocals. Factors may be first- or sec-
ond-order polynomial terms. The transport-
lag factor and minimum- and non-minimum-
phase factors are taken into account.
BODE can be used to determine the gener-
al shape of the magnitude-versus-frequen-
cy curve, with options to investigate peaks
of interest more closely.

The LOCUS program calculates the
roots of a closed-loop characteristic equa-
tion for positive or negative gain. KTUNE, a
modified version of LOCUS, allows small
gain variations to establish break-in or
breakaway positions and the gain corre-
sponding to a specified damping ratio.
TPEAK calculates the approximate time to
peak overshoot of a closed-loop system.
The program assumes that a pair of domi-
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review of programs in your area of interest. You
can also purchase the annual COSMIC Software
Catalog, containing descriptions and ordering in-
formation for available software.

COSMIC is part of NASA's Technology Utiliza-
tion Network

COSMIC* — John A. Gibson, Director,

(404) 542-3265

The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

nant complex poles characterize the sys-
tem. The POLYROOT program determines
the roots of polynomials. POLYROOT out-
put aids in formulating the factored input to
BODE and LOCUS. All programs require
the user to set parameter switches inside
the source code and alter DATA state-
ments to specify the input.

The package is written in FORTRAN
(BODE, TPEAK) and BASIC (LOCUS,
KTUNE, and POLYROQT) for batch execu-
tion. The programs have been implement-
ed on a DEC VAX computer operating
under VMS with a central-memory require-
ment of approximately 8K of 8-bit bytes.
The program was developed in 1986.

This program was written by John W.
Jamison of Kennedy Space Center. For
further information, Circle 43 on the TSP
Request Card.

KSC-11376

Program for Elastoplastic
Analyses of Plane Frames

Nonlinear collapse
phenomena are simulated
by iterative linear analyses.

PLAN2D is a FORTRAN computer pro-
gram for the plastic analysis of planar
frame structures. Given a structure and
loading pattern as input, PLAN2D calcu-
lates the ultimate load that the structure
can sustain before collapse. Element mo-
ments and plastic hinge rotations are cal-
culated for the ultimate load. The locations
of hinges required for collapse mecha-
nisms to form are also determined.

The program proceeds in an iterative
series of linear elastic analyses. After each
iteration, the resulting elastic moments in

each member are compared to the reserve
plastic moment capacity of that member.
The member or members in which mo-
ments are closest to their reserve capaci-
ties determine the minimum load factor
and the site where the next hinge(s) is(are)
to be inserted. Next, hinges are inserted
and the structural-stiffness matrix is refor-
mulated. This cycle is repeated until the
structure becomes unstable. At this point,
the ultimate collapse load is calculated by
accumulating the minimum load factor
from each previous iteration and multiply-
ing these factors by the original input
loads.

PLAN2D is based on the program STAN,
originally written by Dr. E. L. Wilson at U.
C. Berkeley. PLAN2D has several limita-
tions: (1) although PLAN2D detects the un-
loading of hinges, it cannot remove hinges;
(2) PLAN2D does not allow the user to put
in different positive and negative moment
capacities; and (3) PLAN2D does not con-
sider the interaction between axial and
plastic moment capacity. Axial yielding
and buckling are ignored, as is the reduc-
tion in moment capacity due to axial load.

PLAN2D is written in FORTRAN and is
machine-independent. It has been tested
on an IBM PC and on a DEC MicroVAX
computer. The program was developed in
1988.

This program was written by C.
Lawrence, and A. A. Huckelbridge of
Lewis Research Center. For further in-
formation, Circle 26 on the TSP Request
Card.

LEW-14889

Mathematics and

Computer Language for
Optimization of Design

Nonlinear methods are
incorporated at the
language level.

SOL is a computer language geared to
the solution of design problems. SOL in-
cludes the mathematical modeling and
logical capabilities of a computer language
like FORTRAN but also includes the addi-
tional power of nonlinear mathematical pro-
gramming methods (i.e., numerical optimi-
zation) at the language level (as opposed
to the subroutine level).

The language-level use of optimization
has several advantages over the tradition-
al, subroutine-calling method of using an
optimizer: first, the optimization problem
is described in a concise and clear man-
ner that closely parallels the manner of the
mathematical description of the optimiza-
tion; second, a seamless interface is auto-
matically established between the opti-
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mizer subroutines and the mathematical
model of the system being optimized; third,
the results of an optimization (objective,
design variables, constraints, termination
criteria, and some or all of the optimiza-
tion history) are put out in a form directly
related to the description of the optimiza-
tion; and finally, automatic checking for er-
rors and recovery from an ill-defined model
of the system or description of the optimi-
zation are facilitated by the language-level
specification of the optimization problem.
Thus, SOL enables rapid generation of
models and solutions for optimum design
problems with greater confidence that the
problem is posed correctly.

The SOL compiler takes SOL-language
statements and generates the equivalent
FORTRAN code and system calls. Be-
cause of this approach, the modeling cap-
abilities of SOL are extended by the abili-
ty to incorporate existing FORTRAN code
into a SOL program. In addition, SOL has
a powerful MACRO capability. The MACRO
capability of the SOL compiler effectively
gives the user the ability to extend the SOL
language and can be used to develop easy-
to-use shorthand methods of generating
complex models and solution strategies.
The SOL compiler provides syntactic and
semantic checking for recovery from er-
rors and provides detailed reports contain-
ing cross-references to show where each
variable was used. The lists summarize all

optimizations and include the objective
functions, design variables, and constraints.
The compiler checks for errors specific to
optimization problems, so that simple mis-
takes will not cost hours of debugging time.

The optimization engine used by and in-
cluded with the SOL compiler is a version
of Vanderplatt's ADS system (Version 1.1)
modified specifically to work with the SOL
compiler. SOL allows the use of the more
than 100 ADS optimization choices; for ex-
ample, sequential quadratic programming,
modified feasible directions, interior- and
exterior-penalty-function methods, and
variable-metric methods. Default choices
of the many control parameters of ADS are
made for the user, but the user can over-
ride any of the ADS control parameters for
each individual optimization.

The SOL language and compiler were
developed with an advanced compiler-
generation system to ensure correctness
and simplify the maintenance of programs.
Thus, the syntax of SOL was defined pre-
cisely by a LALR(1) grammar, and the
parser of the SOL compiler was generated
automatically from the LALR(1) grammar
with a parser generator. Hence, unlike in
ad-hoc, manually coded interfaces, the lex-
ical analysis of the SOL compiler ensures
that the SOL compiler recognizes all legal
SOL programs, can recover from and cor-
rect for many errors, and can report the
location of errors to the user.

This version of the SOL compiler has
been implemented on VAX/VMS computer
systems and requires 204 KB of virtual
memory to execute. Inasmuch as the SOL
compiler produces FORTRAN code, it re-
quires the VAX FORTRAN compiler to pro-
duce an executable program. The SOL
compiler consists of 13,000 lines of Pascal
code. It was developed in 1986 and last
updated in 1988. The ADS and other utili-
ty subroutines amount to 14,000 lines of
FORTRAN code and were also updated in
1988.

This program was written by Stephen
J. Scotti of Langley Research Center and
Stephen H. Lucas of Vigyan Research
Associates, Inc. For further information,
Circle 155 on the TSP Request Card.
LAR-14280

Graphical Planning of
Spacecraft Missions

Maps, overlays,
and other graphical
displays are available.

The Mission Planning Graphical Tool
(MPGT) computer program provides ana-
lysts with graphical representations of the
spacecraft and environmental data used
in planning missions. Developed by the
Flight Dynamics Division at NASA's God-
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dard Space Flight Center, MPGT is de-
signed to be a generic software tool that
can be configured to analyze any specified
Earth-orbiting spacecraft mission. The data
are presented as a series of overlays on
top of a two-dimensional or three-dimen-
sional projection of the Earth. Included are
spacecraft-orbit tracks, ground-station-an-
tenna masks, solar and lunar ephemerides,
and coverage by the Tracking Data and
Relay Satellite Systemn (TDRSS). From these
graphical representations, an analyst can
determine such spacecraft-related con-
straints as communication coverage, in-
fringement upon zones of interference,
availability of sunlight, and visibility of
targets to instruments.

The presentation of time and geometric
data as graphical overlays on a world map
makes possible quick analyses of trends
and time-oriented parameters. With the
three-dimensional display, the user speci-
fies a vector that represents the position
in the universe from which the user wishes
to view the Earth. From these *‘viewpoint”
parameters the user can zoom in on or
rotate around the Earth. The zoom feature
is also available with the two-dimensional
map image. The program contains data
files of world-map continent coordinates,
contour information, antenna-mask coordi-
nates, and a sample star catalog.

Inasmuch as the overlays are designed
to be independent of any particular mis-
sion, no software modifications are re-
quired to satisfy the different requirements
of various spacecraft. All overlays are gen-
eric, with the contours of communication
zones and spacecraft terminators gen-
erated analytically based on data on the
altitude of the spacecraft. Contours of
zones of interference are specified by the
user through text-edited data files. Space-
craft-orbit tracks are specified via Kepler-
ian or Cartesian orbit vectors. Finally, all
time-related overlays are based on an
epoch supplied by the user.

A user-interface subsystem of the soft-
ware system enables the user to alter any
parameter of the system that affects a mis-
sion or that affects the graphics through
a series of pull-down menus and pop-up
data-entry panels. The user can specify
and load mission-data files, control graphi-
cal-presentation formats, and terminate
the system. The interface automatically
checks for errors in, and validates, all data
put into the system from either a file or
the keyboard. A help software facility is
provided.

MPGT also includes a software utility
called ShowMPGT, which displays screen
images that were generated and saved
with the MPGT system. Specific sequenc-
es of images can be recalled without hav-
ing to reset parameters related to the
graphics and the mission. The MPGT
system does not provide for printout. To ob-
tain printed graphical output, the computer
must be configured with a color printer that
NASA Tech Briefs, August 1991

captures the video signal and copies it on-
to a hard-copy medium.

The program was implemented on an
IBM PC/AT-compatible computer that was
configured with an EGA board (but will run
with any board supported by the HALO '88
Graphics Package) and running MS-DOS
version 3.3. MPGT was written in MicroSoft
FORTRAN, version 4.1 (99 percent) and
MicroSoft Macro Assembler, version 4.0
(1 percent). Because of copyright and
licensing restrictions on commercial soft-
ware incorporated in this program, execut-
able codes are not distributed. To compile
and link the source code, the following
commercial programs are required: The

Screen Generator, The Linkable Screen
Manager, and The Screen Manager FOR-
TRAN Compiler Interface from West
Chester Group; HALO '88 Graphics Sub-
routine Package from Media Cybernetics;
and the FORTRAN 4.1 Optimizing Com-
piler and Macro Assembler from Microsoft
Corp. An 80X87 math coprocessor is
recommended. MPGT was developed in
1989 and has a memory requirement of
400 KB.

This program was written by J. F. Jeletic
and L. T. Ruley of Goddard Space Flight
Center. For further information, Circle 160
on the TSP Request Card.

GSC-13318
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Helicity-Density and Normalized-Helicity Maps of Flows

These maps clearly indicate vortexes and other important features.
Ames Research Center, Moffett Field, California

Maps of helicity density and normalized
helicity have been shown to be useful as
graphical representations of important fea-
tures of three-dimensional flow fields that
contain vortexes. The more conventional
pressure, density, and velocity-vector maps
often do not adequately represent the vor-
tical features of interest and sometimes
give ambiguous indication of swirl direc-
tion. In contrast, the helicity-density and
normalized-helicity representations em-
phasize the complicated and, therefore, im-
portant parts of a flow field, identify the vor-
texes, differentiate between primary and
secondary vortexes, indicate the sense of
the swirling motion, locate the free singular
points (those not attached to surfaces), and
trace the vortex-core streamlines that
emanate from these points.

The helicity density is defined as the
scalar product of the velocity and vorticity
vectors at a given location in the flow field.
The normalized helicity is defined as the
inner product of the unit vectors along the
velocity and vorticity directions; that is, the
normalized helicity is the cosine of the
angle between the velocity and the vortici-
ty. One of the great advantages of the helici-
ty density and the normalized helicity is that
both their magnitudes and their senses are
meaningful. A large helicity density reflects
a large velocity and a large vorticity when
the angle between them is small. The sign
of the helicity density indicates the direc-
tion of swirl of the vortex relative to the
velocity. Both the relative size of the helici-
ty density and the changing of swirl direc-
tion, emphasized by graduation in color for
magnitude and by different colors for posi-
tive or negative values, facilitate the dis-
tinction between primary and secondary
vortexes in a graphical representation (see
Figure 1).

The effectiveness of the helicity density
as an indicator of vortexes is even much
greater for low-subsonic flows, for which
the conventional density mapping is not

of the vortexes, both the velocity and vor-
ticity always reach relatively high values
and the angle between them is small. All
these contribute to high values of the helici-
ty density and to a clear representation of
the vortexes.

Figure 2 shows the components of the
vorticity vectors relative to a local stream-
line. One component is parallel to the local
velocity vector, and the other two are per-
pendicular toit. The component parallel to
the velocity, which is the only component
that contributes to the helicity density, van-

ishes everywhere in a two-dimensional
flow. It also vanishes wherever the flow is
locally two dimensional, as on planes of
symmetry. Therefore, the normalized helici-
ty must be zero in two-dimensional flows
and must vanish locally on planes of sym-
metry, thus emphasizing them in the
graphical representation.

Each of the two components of vortici-
ty perpendicular to the velocity is respon-
sible for the curvature of the streamline in
the plane that is perpendicular to it and in-
cludes the velocity vector. When these two
perpendicular components decrease rela-
tive to a constant parallel component, the

\ Secondary

Vortex

/A

/"

sufficiently sensitive because the variations

g / oof Figure 1. A Primary and a Secondary Vortex can be seen clearly in this plot of helicity-
in density are almost negligible. The sen-

+ density contours in a cross section of the computed flow field about an ogive/cylinder
sitivity of the helicity-density representation body. The parameters of the flow field are free-stream mach number 0.2, angle of
remains high because in the core regions attack 40 and Reynolds number 200,000.
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local curvature of the streamline de-
creases, the angle between the vorticity
and velocity vectors vanishes, and the nor-
malized helicity tends toward unity.

The magnitude of the normalized helicity
thus indicates the local curvature of the
streamlines. In the limiting case, where the
velocity and vorticity vectors are parallel,
the normalized helicity is exactly equal to
unity, and the streamline is locally straight.
However, the flow is far from being two
dimensional, because adjacent stream-
lines spiral around this streamline. The fact
that the normalized helicity goes to its max-
imum value on a streamline of minimum
curvature can be used to locate a vortex-
core axis, which is such a streamline.

This work was done by David Degani of

Ames Research Center and Yuval Levy
and Arnan Seginer of Israel Institute of
Technology. Further information may be
found in AIAA paper 88A-40769, “Graphi-
cal Representation of Three-Dimensional
Vortical Flows By Means of Helicity Den-
sity and Normalized Helicity."

Copies may be purchased [prepayment
required] from AIAA Technical Information
Service Library, 555 West 57th Street, New
York, New York 10019, Telephone No. (212)
247-6500. ARC-12464 '

Figure 2. The Components of Vorticity par-
allel and perpendicular to the streamline
play an important role in the helicity-den-
sity and normalized-helicity graphical rep-
resentation and are related to the local
curvature of the streamline.

Streamline

o~

B

Notes:
1.V = speed.
2.Q4 = parallel component of vorticity.
3. Q5 and Q4 are perpendicular
components of vorticity.

Algebraic Model of Turbulence for Internal Flow

An enhanced eddy-viscosity approximation simplifies calculations.

Ames Research Center, Moffett Field, California

An algebraic approximation has been
developed for use in calculating turbulent
flow in a duct with a sharp 180° turn. Sharp
curvatures of the surfaces at the turn in-
crease the complexity of the flow and the

equations that describe it, and previous
studies of the effect of curvature on tur-
bulence have been limited to mild curva-
tures. The approximation is expected to
simplify the mathematical modeling of

The Flow in an Axisymmetric Turnaround Duct model was measured and compared
with the flow predicted by a computer program that includes the algebraic eddy viscosity
described in the text. (The experimental duct model represents a design concept for

a compact turbine engine.)

complicated turbulent flows, particularly
those in air-breathing engines.

The effects of turbulence are summar-
ized in a composite eddy viscosity »;. For
this purpose, it is first necessary to define
an effective mixing length via

= k2 [1—exp(—%)] b,

for fully turbulent internal flow, and
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= ck [1 —exp(— %)] 0,

for partially developed turbulent flow, where
y is the distance from the wall, é,, is the
distance from the point of maximum vor-
ticity to the point where vorticity vanish-
es, and ¢ and k are adjustable parame-
ters with typical values of 0.25 and 0.4,
respectively. Next, it is necessary to define
an effective vorticity length near the wall
as A = Uref
iw | max

where u, is the average velocity at the
inlet boundary and |w| is the magnitude
of vorticity. Then, using the concept of
laminar viscous spreading, an effective
thickness of the viscous region is defined

as
= Jrh - %
Uret |w!max

The scale length y+ of the inner sublayer
is then given by
y*r = ey
6+
where y is the distance from the wall.
Finally, one must define a factor v,
which represents the intermittency of tur-
bulence in the outer layer:

Self-Adjusting Choke for Nozzle

y o= o3 {1 —erf [5(25@—048)]}
where ymax iS the distance of the maxi-
mum vorticity from the wall. Then the com-
posite eddy viscosity is given by

Ppi=rcy [8(1—9_y""+)]21w1

This algebraic model of viscosity was
inserted in a computer program that uses
the Navier-Stokes equations to simulate
three-dimensional, incompressible, steady
flow. The results of the simulation agreed
fairly well with the results of experiments
in an axisymmetric turnaround-duct model
(see figure).

This work was done by Dochan Kwak
of Ames Research Center and James L.
C. Chang of Rockwell International Corp.
Further information may be found in AIAA
paper 88A-22446, A Numerical Study of
Turbulent Internal Shear Layer Flow in an
Axisymmetric U-Duct’.

Copies may be purchased [prepayment
required] from AIAA Technical Information
Services Library, 555 West 57th Street,
New York, New York 10019, Telephone No.
(212) 247-6500.  ARC-12544
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The issuing stream remains coherent for greater distances despite
fluctuations in pressure and/or rate of flow.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A self-adjusting choke for a nozzle en-
ables the issuing stream of liquid to remain
coherent, despite fluctuations in the flow,
along a greater distance than is possible
with the same nozzle without the choke.
The resulting extended coherent stream
is advantageous for firefighting, making it
possible to direct a more concentrated
flow of water at a flame or hotspot. It could
also be used in mining and for transfer-
ring liquids.

The natural instabilities of streams leav-
ing nozzles frequently cause the streams
to disperse relatively close to the nozzles.
Although a previously developed advanced
nozzle produces a more-coherent issuing
stream, it functions optimally at only one
upstream pressure or rate of flow. The new
choke, based partly on the previous noz-
Zle concept, helps to maintain the co-
herence of the flow over a range of pres-
sures and rates of flow.

The self-adjusting choke is a relatively
thick, flexible membrane that contains,
typically, three orifices, the outer two of
which are slanted (see figure). The mem-
brane is inserted into the opening of the
nozzle. When the rate of flow is low and
the membrane is not much distorted by
the upstream pressure of the fluid, the lig-
uid issuing from the outer orifices tends
to separate into two diverging streams.
Simultaneously, the web of fluid issuing

—_—
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HIGH FLOW

A Flexible Membrane With Slanted Orifices
deforms according to the upstream pressure in
the flowing liquid, producing a more-coherent
spiraling stream.

from the middle orifice tends to pull the
diverging streams together. The resulting
balance of forces produces a stable spiral-
ing stream.

As the upstream pressure (or, equiva-
lently, the rate of flow) increases, the mem-
brane flexes, redirecting the outer streams
so that they have a lesser tendency to
diverge. Thus, although the greater flow
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tends to cause the outer streams to sep-
arate more than under the unloaded con-
dition, the smaller angle between the outer
streams still enables the web to counter-
balance the tendency toward divergence,
and a stabler stream results.

This work was done by Andrew D.
Morrison of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-

tion, Circle 96 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
qQuiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 14]. Refer to NPO-17625.

Liquid-Crystal Coats Help Make

Flows Visible

Changes of color are rapid and reversible.
Langley Research Center, Hampton, Virginia

The visible indication of the transition
of a boundary layer from laminar to turbu-
lent flow plays an important role in aero-
dynamic tests in wind tunnels and in flight.
The most popular methods for making
boundary layers visible in such tests have
included the sublimating-chemical tech-
nique and the oil-flow technique. However,
each method has limitations that constrain
its applicability. In a newly developed meth-
od, liquid-crystal coats are used to make
visible such features of boundary-layer
flows as transitions, separations, and the
locations of shocks.

Typically, temperature and shear stress
are the primary stimuli in response to which
liquid-crystal coats selectively reflect dis-
crete wavelengths (colors) of light. Be-
cause the fundamental chemical structure
is unaffected by these changes, a liquid-
crystal coat can respond repeatably to the
same physical changes. Thus, the color
changes can be reversible.

Liquid-crystal coats can respond very
rapidly to changes in shear stresses or
temperature distributions; characteristic
response times as small as 0.2 second
have been observed. The particular color
observed depends on the viewing angle
and on the local shear and temperature
to which the liquid crystals are subjected.
The vividness and brilliance of the reflect-
ed colors also depend on the amount and
angle of incident light.

One flight evaluation of the liquid-crystal
technique was conducted on a Lear Model
28/29 business jet airplane operated by
NASA at its Langley Research Center in
research on the reduction of viscous drag.
The airplane provides, for research, an ex-
tensive combination of ranges of flight op-
erating conditions, including mach num-
bers up to 0.805, maximum unit Reynolds
numbers up to 2.65x108 ft~' (8.69x10°
m™1), and altitudes up to 51,000 ft (15.6
km). The right winglet of the airplane was
prepared for testing by coating it with a
liquid-crystal mixture.

Correlations between transitions meas-
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ured by hot films and by liquid crystals
showed that the change in the color of the
liquid-crystal coat corresponded to the first
appearance of turbulent spots in the hot
films. This response differs from that of
sublimating chemicals, which show the
end of the transition region.

The time-dependent response of a lig-
uid-crystal coat was also evaluated. The
transition on the winglet was changed by
conducting sideslip oscillations with a pe-
riod of about 2 cycles per second. The
observed movement of the transition was
in phase with the sideslip oscillation, in-
dicating that the coat responded rapidly.

Another flight experiment involving liquid
crystals was conducted with a Grumman
OV-1B Mohawk airplane operated by
NASA. In addition, a test of both liquid-
crystal and sublimating-chemical indica-
tions of transitions was conducted in the
Langley 14-by-22-ft (4.3- by-6.7-m) wind
tunnel on a fuselage forebody. Comparison
of the resulits showed good agreement be-
tween the two methods.

The use of liquid-crystal coats in the
measurement of transitions provides data
that can be very difficult to acquire by
other visualization techniques. For flight
applications, liquid crystals provide the
capability for making transitions visible
throughout aimost the entire altitude and
speed ranges of subsonic aircraft. The use
of liquid crystals is not known to expose
humans to any hazard of toxicity. Because
liquid crystals are derived from the fatty
acids of animals, they tend to be less haz-
ardous than many other chemicals are.
The liquid-crystal method is also applicable
to the visible indication of supersonic flows
and is suitable for general use in high- and
low-speed wind-tunnel and water-tunnel
testing.

This work was done by Bruce J. Holmes
of Langley Research Center and Clifford
J. Obara of PRC-Kentron. For further in-
formation, Circle 147 on the TSP Request
Card. »
LAR-14342
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Adaptive Grids for Computations of Three-Dimensional Flows

A spring-system analogy is extended from two to three dimensions.

Ames Research Center, Moffett Field, California

A self-adaptive-grid method has been
devised and enhanced for the efficient
computation of complicated three-dimen-
sional flows. An extension of a method
developed previously for two-dimensional
flows, this method is based in part on the
analogy of a fictitious system of tension
and torsion springs that connect the grid
points (see Figure 1).

The stiffnesses of the springs can be
specified in terms of some measures of
the flow-field characteristics (density,
mach number, and the like) or in terms of
parameters computed on the grid itself. By
specifying minimum and maximum per-
missible spacings, the grid can be said to
be “self-adaptive’’ or ‘‘solution-adaptive”
(see Figure 2), and iterative adaptions/solu-
tions can be performed in the effort to
achieve a desired convergence.

An adaptation involves the use of varia-
tional principles to minimize the potential
energy stored in the springs. For the adap-
tation along one coordinate line (eg., the
§ x line in Figure 1), that line is held fixed
whlle each grid point on the line is allowed
to move freely along it in response to the
tugs of the tension springs that connect
it to the two adjacent grid points on the
same line and to the twists of the torsion
springs that connect it to the adjacent grid
points on the adjacent lines that represent
the same (eg., §) coordinate. For a three-di-
mensional adaptation, the procedure is
split into a sequence of adaptations, each
along one coordinate axis at a time.

A user-friendly computer research code
has been written to implement the adap-
tive-grid algorithm. In response to the max-
imum and minimum grid spacings speci-
fied by the user, the code automatically
calculates most of the incorporated grid
parameters, which affect orthogonality and
smoothness. The user selects the direc-

Figure 1. Fictitious
Springs connecting the
points of the computa-
tional grid are used to
determine an optimum
grid spacing. Each point
(e.g., A) is connected to
neighboring points (B
through E) by tensionand
torsion springs. The
stiffnesses of the tension
springs are related to
flow-field quantities. The
stiffnesses of the torsion
springs resist the depar-
ture of the grid from or-

thogonality.
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tion of initial adaptation along a curvilinear
grid line in the physical space. Grid points
are then redistributed to optimal positions
along a family of such lines, the collection
of which sweeps a curved grid surface
specified by the user. The procedure cross-
es, in a given marching direction, the en-
tire physical space filled by these surfaces.
This work was done by M. Jahed
Djomehri and George S. Deiwert of Ames
Research Center. Further information
may be found in NASA TM-101027 [N89-
11718], ” Three-Dimensional Self-Adaptive
Grid Method for Complex Flows."”
Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650. Rush
orders may be placed for an extra fee by
calling (800) 336-4700.
ARC-12479

Figure 2. This Initial Grid and Resulting Solution-Adapted Grid were used to calculate
the three-dimensional supersonic flow about a two-nozzle afterbody. In this case, the
grid is adapted to the solution of mach numbers. In the adapted grid, points are
clustered across the shocks and mixing layers, depicting all the features of the flow.

Accounting for Compressibility in Viscous Flow in Pipes

Variations of density and velocity across the flow cross section are included in calculations.
Ames Research Center, Moffett Field, California

A method has been developed to ac-
count for the effects of compressibility in
viscous flows through long, circular pipes
of uniform diameter. The method is based
on the approximation of variations in densi-
ty and velocity across the pipe cross sec-
tion by profile equations previously de-
veloped for boundary-layer flow between
flat plates.

The concept of “fully developed” flow
was originally defined for an incompressi-
ble flow in which the velocity at any given
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Velocity Profiles Pipe

The Velocity of Flow varies along the pipe, but the power-law shape of the velocity profiles is
assumed to be invariant along the pipe.
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point on the cross section does not vary
with position along the pipe. This concept is
extended here to compressible flow in
which the ratio of the velocity at any given
point to the velocity at the centerline point
does not vary with position along the pipe.
Measurements have confirmed that sub-
sonic flows tend to be “fully developed™ in
this extended sense (see figure).

The cross-sectional velocity profile is as-
sumed to be similar to a flat-plate boundary-
layer profile:

wu, = (2y/d)"

where u = the velocity at radial distance y
from the wall, u. = the velocity at the
centerline, and d = the diameter of the
pipe. The cross-sectional distribution of
temperature is constructed in a manner
similar to the procedure normally used in
flat-plate boundary-layer flows. The wall of
the pipe is assumed to be adiabatic. In this
way, the temperature at any point in the
flow can be expressed in terms of the ratio
of specific heats of the flow medium, the
mach number at the centerline, the veloci-
ty profile, and a ““recovery factor” (which is
0.88 for turbulent flows).

The governing equations of flow (con-
servation of mass, momentum, and ener-
gy) are reduced to convenient forms by in-
troducing dimensionless variables and
defining special profile integrals of velocity
and temperature profiles. A method is de-
veloped to solve the equations and obtain
solutions for values of flow friction in terms
of measured gradients of wall static
pressure.

The method was used to analyze the de-
tailed pressure measurements made in a
long pipe for flow of air at a wide range of
flow speeds. Values of flow friction derived
from these measurements were com-
pared with data in the literature on incom-
pressible flow in pipes. The effect of the
mach number on flow friction was then ex-
tracted from these data by applying a
special procedure that isolated the effects
of the Reynolds number and the roughness
of the surface. The results show that the ef-
fect of the mach number in pipe flow
follows the trend previously established for
flows over flat plates.

This work was done by Frank W. Steinle
of Ames Research Center, Ken Gee of
the California Polytechnic State University,
and Sreedhara V. Murthy of CALSPAN.
Further information may be found in AIAA
paper 88A-48888, “Compressibility Effects
on Flow Friction in a Fully Developed Pipe
Flow."

Copies may be purchased [prepayment
required] from AIAA Technical Information
Service Library, 555 West 57th Street, New
York, New York 10019, Telephone No.
(212) 247-6500.

ARC-12249
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Docking System Would Accommodate Misalignments

The system would also absorb kinetic energy.
Lyndon B. Johnson Space Center, Houston, Texas

A conceptual docking system would ab-
sorb kinetic energy along each of three or-
thogonal directions. It would accommodate
large misalignments between the docking
objects. Conceived for docking the Space
Shuttle in the Space Station, the system may
be useful in other applications in which a
large moving object must be aligned with
and joined to another — for example, cranes,
robots, and fuel or material-loading lines.

The lightweight system would consist of
a probe on one of the two docking objects
and a drogue on the other object. The probe
would contain a latching mechanism; pitch,
roll, and yaw dampers; and centering and
rigidizing mechanisms (see figure). The latch-
ing mechanism would ride on a y-axis track,
which would ride on an x-axis track, which,
in tumn, would ride on a z-axis track. The probe
could therefore translate in the x and y direc-
tions to accept misalignment with the drogue
and in the z direction to enter the drogue.
Three eddy-current dampers would absorb
the energy of motion along the orthogonal
directions, bringing the docking objects to
a smooth stop.

According to the concept, as the dock-
ing objects approached, the z track would
extend the probe by 9 in. (22.9 cm). At the
first contact of the probe with the drogue,
the x and y drives would allow such lateral
translation as would be necessary to accom-
modate misalignment between the probe and
the drogue, and the z drive would rapidly ex-
tend the probe deep into the drogue. Latch-

es on the probe would engage the drogue.

Meanwhile, the dampers would absorb
kinetic energy. The probe could rotate +10°
with respect to the xand y axes and +11°
with respect to a gimbal. When motion had
been stopped, a collet on the probe would
retract to lock against pitching and yawing.
Actuator-driven plungers would lock the probe
latches against movement in the x, y, and
z directions. The z-track drive would slowly
retract the probe to its storage position.

For release, the probe collet would be ex-
tended, relieving the preload between the
probe and the drogue. The latch-locking
piston would then be retracted, releasing
the spring-loaded latches. The probe would
then be disconnected from the drogue.

This work was done by Rasmik Ajemian,
Earl V. Holman, and Siamak Ghofranian of
Rockwell International Corp. for Johnson
Space Center. For further information, Cir-
cle 100 on the TSP Request Card.
MSC-21596

In this Mockup of the Docking System,
the probe is extended as it would be for
initial contact with a drogue. Yaw, pitch,
and roll dampers appear under the cut-
away shell of the probe. The x, y, and z
dampers are hidden in the z-track hous-
ing.

L
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Strain Center for Analysis of Forces

After yielding, forces are perpendicular to radii from the strain center.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The concept of a strain center has been
introduced to facilitate the analysis of
forces resulting from an eccentric load
after the elastic limit has been exceeded.
The concept is especially useful where the
loads are known and the directions of the
forces are being analyzed; eg., the limiting
frictional force between a wheel and the
ground.

Conventional force analysis superim-
poses direct forces upon separately com-
puted torsional forces when an object is
eccentrically loaded. The conventional tor-
sional forces are perpendicular to and pro-
portional to their radii from the center of
gravity of the force pattern. This superposi-
tion gives rise to a centroid from which the
vector sums are also perpendicular to and
proportional to their radii from this centroid.
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Strain
Centroid
- Center of
Gravity

Centroid

Strain Centroid has equal resisting forces.

The centroid lies on a line through the
center of gravity and perpendicular to the
direction of the eccentrically applied load.

After the elastic limit is exceeded (the
wheels slip on the ground), the forces re-
distribute until each is at its maximum
value. The forces are no longer perpen-
dicular to radii from the centroid. They shift
to being perpendicular to radii from the
strain center. The strain center also lies on
the line through the center of gravity and
perpendicular to the direction of the ec-
centrically applied load.

This work was done by Donald B. Bickler
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 99 on the TSP Request Card.
NPO-17966
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Zero-Spring-Rate Mechanism/Air Suspension Cart

A compact mechanism suspends articulating flexible structures with minimal constraints.
Langley Research Center, Hampton, Virginia

New suspension techniques will be nec-
essary for ground-testing of the flexible
spacecraft anticipated in NASA's future
space activity. The most complex space-
craft involve nonlinear maneuvering (ie.,
large-angle slewing) with such articulating
substructures as remote manipulating sys-
tems. Ultimately, the goal of research in
advanced suspension systems is to simu-
late flight boundary conditions (weightless-
ness) when testing flexible space struc-
tures on the ground. To achieve such a
goal, a suspension system must counter-
act gravitational loads while allowing a
structure to move without constraint. Be-
cause vibratory motion results from the
elasticity of a flexible spacecraft, the sus-
pension problem involves the development
of methods of suspending spacecraft that
have vibratory motions superimposed on
large rigid-body motions. Any suspension
device must be considered as an integral
part of the structure. However, it should
be designed so that the dynamics of the
device interact minimally with the dynam-
ics of the structure.

A zero-spring-rate mechanism (ZSRM)/
air suspension cart is being developed by
NASA Langley Research Center. It is to be
used to suspend flexible, ‘‘mass-critical”
articles like lightweight spacecraft under-
going such large motions as slewing, trans-
lation, and telescoping/retraction. The novel-
ty of the method and equipment is the
ability to suspend a flexible article under-
going large rigid-body motion concurrent
with vibratory motion, with minimal interac-
tion between the suspended article and
the suspending hardware. Previous sus-
pension devices include cable suspen-
sions, airbags, air bearings, and cables
with ZSRM's. These devices are not de-
signed for structures that undergo concur-
rent rigid-body and vibratory motions. The
ZSRM/air suspension cart is very adaptive
to active control, which would reduce un-
desirable effects caused by friction, non-
linearity, and mass coupling. The ZSRM/air
suspension cart (see figure) is very small
compared to a test article and is easily
adapted to most test facilities. Because
no cables are needed, minimal overhead
clearance is needed. Because this device
is built easily, it is practical for most sus-
pension applications.

The design of this device evolves from
the premise that as the dynamic proper-
ties of the suspension device are dimin-
ished, the dynamic properties of the test
structure dominate the structure/suspen-
sion system. By combining a translational
air bearing, a ZSRM, and a spherical air
bearing, the design goal can be met. An
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air bearing carries a load in translation with
very low friction. This air bearing allows
the structure to have any horizontal mo-
tion. The ZSRM, which is placed atop the
air bearing, supports the weight of struc-
ture with minimal vertical stiffness. A
ZSRM is a negative nonlinear spring in
parallel with a positive spring such as a
prestressed coil spring. The negative spring
can be any prestressed member that pro-
vides a component of prestressed stiffness
in the vertical direction.

The weight of a structure is supported
by the main spring. A compressive side
load is applied to the structure-attachment
point. When the article under test is dis-
placed vertically from the equilibrium posi-
tion of the main spring, a vertical compo-
nent of the side load acts in a direction
opposite to that of the load produced by
the main spring. Because the vertical
component of the side force acts in a
sense opposite to that of the main spring,
it behaves effectively like a negative spring.
This negative spring reduces the overall
stiffness in suspending a structure. By re-
ducing the vertical stiffness, one decreas-
es the constraint on the motion of the
structure; that is, there is very little resis-
tance to the vibratory motion of the struc-
ture. The spherical air bearing atop the
ZSRM leaves the rotational motion of the
structure at the point of attachment un-
constrained. The overall effect of the de-
vice is that the weight of the structure is
supported while its motion is virtually un-

constrained. Therefore, the structure can
behave as though it were weightless.

Another basic suspension consideration
is whether structures will be supported
overhead or underneath. Overhead sus-
pension is usually accomplished with ca-
bles. These are widely used, their overall
vertical stiffnesses can be reduced with
ZSRM's, and they offer simplicity for ground
testing of structures undergoing only
vibratory motions. Cable suspensions have
pendular and axial stiffnesses, and if they
are used to suspend rapid slewing or ar-
ticulating structures, then complicated
control devices and suspension hardware
must also be used. With the ZSRM/air sus-
pension from underneath, high overhead
height needed for cables (to reduce pen-
dular and axial stiffness) is not required.
Therefore, only the size of the structure will
dictate how tall a test facility should be.
Though the mass of the suspension hard-
ware couples horizontally with the struc-
ture, its dynamic effect can be easily
modeled analytically.

This work was done by Stanley E.
Woodard and Victor M. Cooley of Langley
Research Center. No further documen-
tation is available.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-14142.
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Adjustable Pitot Probe

The probe is readily positionable in the core of uniform flow in a hypersonic wind tunnel.
Langley Research Center, Hampton, Virginia

Pitot probes are generally used to meas-
ure the pressures of high-velocity fluid
streams in wind tunnels. In a hypersonic
wind tunnel, the air is heated up to about
3,000 °F (about 1,600 °C) to prevent lique-
faction of the nitrogen and oxygen in the
flow. The transducers used to measure the
pitot pressures must be protected from the
hostile temperatures to prevent thermally
induced measurement errors and possi-
ble damage to the transducers. Therefore,
the pressure transducers are usually mount-
ed outside of the test section, connected
to the tips of the probes through relatively
long tubes. The large volume of such a
connecting tube causes an undesirable in-
crease in the "'settling time"" of the pres-
sure probe, the shortness of which can be
essential to accurate measurements. Also,
a free-stream pitot pressure probe is typi-
cally mounted on the wall of a tunnel or
on an injection mechanism, and its posi-
tion can be adjusted within only a limited
range. Accordingly, in the design of a new
cooled, readily positionable pressure probe,
the transducer is mounted relatively close
to the tip of the probe.

The probe is formed of a pair of mating
cylindrical housings: the transducer hous-
ing and the pitot-tube housing. A small hole
is bored through the transducer housing
along its centerline. A hole slightly larger
than the body of the sensor portion of the
transducer is bored from one end along
the same line to a depth large enough to
provide a pressure-sensing chamber be-
yond the tip of the transducer. The trans-
ducer mounting post, in the vicinity of the
pressure-sensing chamber, is surrounded
by a cooling-water annulus, which has full-
depth webbing 180° apart to divide it in
half. It also has cross-connecting water
passages at full depth to force the water
to flow completely around the volume area
to be cooled. A thermocouple sheathed
in stainless steel is inserted from the other
end into the pressure-sensing chamber to
monitor the temperature. The transducer
housing also contains a pressure annulus
and a larger annulus that accommodates
a boss on the pitot-tube housing.

The pitot-tube housing has a pressure
annulus that matches the boss. The pitot
pressure is delivered from the pitot tube,

which points into the free stream, to the
pressure-sensing chamber via a metal
bellows that connects the pitot tube to its
housing. The pitot tube is supported by an
adjustable wedge fairing attached to the
top of the pitot-tube housing with a semicir-
cular foot. This foot extends over the trans-
ducer housing with a radial clearance and
allows the pitot tube to rotate to any orien-
tation within 360°.

Because of the design of the wedge
fairing, the probe can be adjusted both
radially and circumferentially. In addition,
the pressure-sensing transducer in the ad-
justable probe is cooled internally by water
or other cooling fluid passing through the
annulus of the cooling system.

This work was done by George C.
Ashby, Jr., W. Eugene Robbins, and Lewis
A. Horsley of Langley Research Center.
For further information, Circle 113 on the
TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-14232.

TRIAL BY FiRE

dehreve 8D Broductivity.

70

Backed by over 40 years of verified
results, FIRE is proving its ability
to provide the competitive ad-
vantage of Computational Fluid
Dynamics. ¢ Developed by AVL
LIST for engineers, FIRE is a com-
plete, general purpose package.

Its preprocessing, solution and
postprocessing capabilities are
designed to model internal and ex-
ternal flows with multiple moving
boundaries. ¢ For more information
contact KIT Corporation at (612)
688-0620, FAX (612) 688-0497

KIT Corporation, 1355 Mendota Heights Rd., St. Paul, MN 55120

Circle Reader Action No. 519

NASA Tech Briefs. August 1991



Calculating Dynamics of Helicopters and Slung Loads
Motions of multiple lifting helicopters, spreader bars, cables, and loads can be simulated numerically.

Ames Research Center, Moffett Field, California

General equations have been derived
for numerical simulations of the motions
of multiple-lift, slung-load systems that
consist of two or more lifting helicopters
and loads slung from them by various
combinations of spreader bars, cables,
nets, and attaching hardware. The use of
multiple (usually, two) helicopters to lift
loads too heavy for one of them has been
advocated for decades. However, with the
exception of some limited flight tests and
a few isolated commercial operations, the
dual-lift technique remains largely unde-
veloped because of the complexity of mo-
tion and the consequent difficulty of stabil-
izing and coordinating the motion, both
along the flightpath and in precise hover.
New general equations are readily pro-
grammable for efficient computation of the
motions; thus, they lend themselves well
to the analysis and design of control strat-
egies for stabilization and coordination.

In the mathematical model of a multiple-
lift system, the helicopters, spreader bar(s),
and load are treated as rigid bodies. The
attaching hardware and nets are not mod-
eled. The cables are treated as massless
straight-line links that can be either inelas-
tic (in the sense of unstretchable) or elasti-
cally stretchable. The aerodynamics of the
cables are neglected. This model is ex-
pected to represent motions adequately at
the frequencies up to a few hertz that are
of interest in controlling the trajectories of
the helicopters.

The derivation begins with the applica-
tion of the Newton and Euler equations of
motion to each rigid body, the definition
of vectors that describe the configuration
of the system, the introduction of general-
ized velocity coordinates, and the applica-
tion of D'Alembert's principle to each body
in the system. This approach leads to three
formulations, two of which are generalized
versions of formulations developed previ-
ously for specific cases involving inelastic
and elastic cables. The third formulation
is a new one obtained by choosing the
generalized coordinates in the elastic-
cable formulation in such a way that they
are partitioned into (1) d coordinates that
represent the motion of the system as
though the cables were inelastic and (2)
¢ coordinates that describe the compo-
nent of the motion due to stretching of the
cables (where ¢ is the number of con-
straints that would be imposed by the
cables if they were inelastic). For inelastic
suspensions, the cable tensions are ob-
tained from the equations governing the
stretching-motion coordinates, and this
solution is used in the equation for the re-

NASA Tech Briefs, August 1991

maining coordinates. In comparison with
the conventional formulation, the new for-
mulation is computationally more efficient.

The new formulation has been applied
to obtain equations for the dual-lift system
illustrated in the middle of the figure. The
other dual-lift systems shown at the left
and right can be treated as special cases
of the system in the middle by appropriate

simplifications of the equations to account
for elimination of the bridle cables (left) or
elimination of the spreader bar and tether
cables (right). In each case, the equations
are written in terms of the natural vectors
and matrices of the dynamics of three-
dimensional rigid bodies and are tractable
for both analysis and programming.
This work was done by Luigi Cicolani

Helicopters
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and Gerd Kanning of Ames Research
Center. Further information may be found
in NASA TM-102246 [N90-17641], “Equa-
tions of Motion of Slung Load Systems with

Results for Dual Lift."

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia

22161, Telephone No. (703) 487-4650. Rush
orders may be placed for an extra fee by
calling (800) 336-4700.

ARC-12755

Integral Plug-Type Heat-Flux Gauge

The integral construction reduces the components of error caused by discontinuities.

Lewis Research Center, Cleveland, Ohio

A new heat-flux gauge eliminates meas-
urement errors caused by temperature
discontinuities associated with conven-
tional gauges. The new gauge yields more
accurate surface heat-flux data for verify-
ing aerodynamic and heat-transfer models.

The figure shows a schematic of the
new heat-flux gauge mounted into a metal
or alloy specimen. The gauge comprises
the following items: (1) an annulus fabri-
cated part way through the specimen
thickness, (2) a wall extending from the
bottom of the annulus to the active sur-
face of the gauge, (3) a cylindrical ther-
moplug that is surrounded by the annulus,
(4) thermocouple thermoelements attached
to the side and back of the thermoplug,
(5) a thermocouple with a hot junction
mounted near the active surface of the
gauge, and (6) a cover enclosing the ther-
moplug and thermocouples.

Conventional gauges are generally
mounted by screwing or welding them in-
to position. Sharp temperature changes
are possible across the temperature dis-
continuities formed by the resulting threads
or seams. These temperature discontinui-
ties can produce large errors of measured
surface heat flux. Unlike a conventional
gauge, the new gauge is not screwed or
welded into place, but instead a thermo-
plug and annulus are electrical-discharge-
machined (EDM) into the specimen
material. The EDM process leaves no in-
terface between the material and the ther-
moplug, thus inherently increasing gauge
accuracy by eliminating the interface and
the associated temperature discontinuity.
The EDM process is also conducive to ac-
curate fabrication of minute gauges.

Gauges can be fabricated in a variety
of sizes. Thermoplug diameters are cur-
rently 0.040 in. (1.02 mm), and lengths are
about 0.060 in. (1.52 mm). Wall thickness-
es nominally vary from about 0.010 in.
(0.25 mm) to 0.020 in. (0.51 mm) (see
figure). Annulus depths range from 0.060
in. (1.52 mm) to 0.100 in. (2.54 mm). An-
nulus widths are typically 0.020 in. (0.51
mm).

Temperatures are measured with
commercial coaxial (single-wire) thermo-
couple assemblies, which are modified by
swaging them to a diameter of 0.010 in.
(0.254 mm) and then by stripping them to
expose a 0.0015 in. (0.038 mm) diameter
Chromel* or Alumel* (or equivalent) ther-
moelement (wire). Pairs of Chromel and
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Alumel wires are joined and spotwelded
to the sides of the thermoplug to form hot
junctions. The junctions are located cir-
cumferentially 120° from each other along
the length of the thermoplug. The wires
are extended from the junctions in a direc-
tion perpendicular to the cylindrical plug
surface and are then routed through the
annulus to the back of the gauge. The
wires are carefully positioned so that they
do not touch metal surfaces. The coaxial
thermocouple assemblies are then extend-
ed from the rear of the material gauge (see
figure) and laid side by side within grooves
electrical-discharge-machined into the
material. The grooves and assemblies are
covered with metallic, material welded to
the specimen. The thermocouple assem-
blies are extended to remote data systems
for temperature-data storage. A cover is
welded over the plug to seal thermally in-
sulating air within the annulus. The air
minimizes heat loss from the thermoplug.
To measure temperature near the active
surface, individual Chromel and Alumel
thermoelements in the coaxial thermocou-
ple assemblies are joined and spotweld-
ed to the bottom of a hole electrical-dis-

charge-machined from the annulus side
into the wall (see figure). The hole is
nominally located 0.010 in. (0.254 mm)
below the active surface.

The gauges measure both transient and
steady-state surface heat flux. Tempera-
ture as a function of time is recorded at
each thermocouple location. The surface
heat flux and rate of change of surface
heat flux are calculated from temperature-
vs-time data, known properties of the
gauge material, thermocouple positions
measured from the active surface of the
gauge, and thermoplug length. A gauge
of this type functions at temperatures rang-
ing from cryogenic to the melting tempera-
tures of metals and alloys.

This work was done by Curt H. Liebert
and John Koch, Jr.,, of Lewis Research
Center. For further information, Circle 28
on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Lewis Research Center [see
page 14]. Refer to LEW-14967.
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Mixed-Mode-Bending Delamination Apparatus

Double-cantilever-beam and end-notch-flexure loads are applied simultaneously.

Langley Research Center, Hampton, Virginia — «

Failures in structural composites often L°‘°\ B
develop as delamination between laminat-
ed plies. Typically these delaminations are 5 SR Grip
initiated and grow as a result of combined Ilf.’b AL ENE | -
peeling (opening) stresses and sliding e ! Hinge
(shear) stresses. Therefore, studies of re- Speciis Roller
sistance to delamination should account Mode-Bend
for the effects of combined opening and I:;e 'g;:'inauon Ap:
shear stresses, referredtoas mode land  paratus generates two | supporting i . ool
mode |l stresses, respectively. types of delamination foler N _

Although most delamination tests are  stress simultaneously in 5. rip
currently conducted by use of single-mode ~ the specimen from a
specimens, various mixed-mode test pro- :'O"ig't‘::;c"ema"y applied gl

cedures have been introduced. Unfortun-
ately, each of these mixed-mode test pro-
cedures has one or more limitations. For
example, with some tests, only a narrow
range of mode I/mode Il ratios can be
tested, and others require difficult time-
consuming numerical analyses of the test
results. Therefore, the mixed-mode-bend-
ing delamination apparatus was developed
to apply mode | and mode |l loads simul-
taneously to a simple test coupon to meas-
ure delamination resistance.

The figure illustrates a test conducted
with the apparatus. The specimen is load-
ed in a manner that represents a combina-
tion of two well-known procedures used
in pure mode | and mode Il testing. The
upward load on the right end is like that
used in a double-cantilever-beam (DCB)
test for mode | delamination. The downward
load is like that used in an end-notch-flex-
ure (ENF) test for mode |l delamination.
These loads can be applied simultaneous-
ly to produce combined mode | and mode
Il delamination in the specimen.

The combined load is produced by ap-
plying a single load to a beam attached
to the specimen. Bonded hinges on the
end of the specimen are attached to the
loading beam and to the base of the ap-
paratus by use of grips. The left end of the
specimen rests on a supporting roller. A
center roller loads the specimen down-

ward, and, simultaneously, the right end
of the specimen is loaded upward. These
two loads are in proportion to the applied
load, and their relative magnitudes depend
on the loading distance, c. By varying c,
a wide range of mode |/mode |l ratios for
mixed-mode delamination testing can be
produced.

The mode | and mode Il loading on the
specimen can be expressed in terms of
the applied load, which can be measured
by use of a conventional test machine.
Then simple equations related to DCB and
ENF testing can be used to resolve the
measured mixed-mode response into its
mode | and mode |l components. For ex-
ample, mixed-mode delamination tough-
ness can be determined by measuring the
applied load during an increment of
delamination growth and can then be re-
solved into mode | and mode |l compo-
nents. Also, these simple equations for
pure mode | and mode || testing provide
for selection of ¢ to obtain desired mode
I/mode |l test ratios.

In this technique, the individual mode
| and mode |l contributions to delamina-
tion in the specimen can be analyzed by
use of simple beam-theory equations,
thereby eliminating the need for time-con-
suming, difficult numerical analysis. Also,
this technique allows a wider range of

mode I/mode |l ratios than are possible
with many other methods. Mixed-mode
delamination testing is of interest in all
fields that utilize composite materials.
Composite materials are used mostly in
the aerospace field, but are also used in
automobiles, lightweight armored military
vehicles, boats, and sporting equipment.
This technique could also be useful in the
general lumber, plywood, and adhesive in-
dustries.

This work was done by John H. Crews
Jr, and James R. Reeder of Langley Re-
search Center. Further information may
be found in NASA TM-100662 [N89-10945],
“A Mixed-Mode Bending Apparatus for
Delamination Testing."

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

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-13985.

Books and Reports

Thesereports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's)when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service.

Incompressible, Viscous
Flow About an
Ogive/Cylinder

Calculated flow patterns
agree closely with
experimental ones.

NASA Tech Briefs, August 1991

Theoretical predictions and observa-
tions of incompressible viscous flow about
a body of revolution at an angle of attack
are compared in a report. This study was
a test of modern numerical methods for
the solution of the equations of fluid dy-
namics, and was conducted as a step to-
ward future work on more difficult prob-
lems.

The body consisted of a solid circular
cylinder at the downstream end and tap-
ered in an ogive of revolution to a point on
the axis at the upstream end. The cylinder
had a length-to-diameter ratio of 1, and the
ratio of the length of the ogive to the diame-

ter of the cylinder was 3.5, yielding an over-
all length-to-diameter ratio of 4.5.

The ogivelcylinder was placed in a tow-
ing tank and a camera was mounted to
move along with it. The tank was filled with
salt water seeded with small particles.
When illuminated by a fan of laser light and
photographed, the particles produced
streak images, the lengths and directions
of which indicated the local velocity of the
flow about the body. Observations were
made at angles of attack of 30° and 45°.
Previous studies had shown that the flow is
steady at angles of attack up to 60°.

For the simulation, the flow was repre-
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sented by the Navier-Stokes equations in
mass-averaged variables, with terms for
pseudocompressibility. The pseudocom-
pressibility allows the use of an implicit
finite-difference scheme and relaxes the
requirement of incompressibility during the
convergence process. Upon reaching the
steady state, the effect of the pseudocom-
pressibility on a solution becomes negligi-
ble, and the solution is essentially that of
the Navier-Stokes equations of incom-
pressible flow.

The computational mesh conforming to
the ogive/cylinder was generated by a two-
dimensional Poisson-grid generator in the
plane of the body axis. The plane was then
rotated about the axis to generate a three-
dimensional wrapped mesh. The outer
boundary was spherical and located six
body lengths from the tip of the ogive.

The equations were solved numerically
by use of the INS3D computer code. Im-
plicit second-order and explicit fourth-
order numerical dissipation was added to
damp out high-frequency oscillations. The
solution was advanced in time until the
steady state was reached.

The computed and photographed cross-
flows at various positions along the ogive
and at both angles of attack were in qualita-
tive agreement. In general, the crossflow,
which develops along the body, produces a
pair of leaside vortices. An analysis of the
development of the symmetric vortical

flow field reaffirms the utility of the impul-
sive-flow analogy in understanding the
qualitative nature of the flow.

This work was done by Gregory G. Zilliac
of Ames Research Center. Further infor-
mation may be found in NASA TM-88329
[N90-11254], “A Computational/Experi-
mental Study of the Flow Around A Body of
Revolution at Angle of Attack.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for anextra fee
by calling (800) 336-4700.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 14].
Refer to ARC-11793.

Research in
Helicopter Noise

Progress in aeroacoustical
theory and experiments
is reviewed.

A report summarizes continuing U.S.
Army programs of research into the causes
of noise generated by helicopters. There
are many such causes, most of which are
related to aerodynamic phenomena around
rotor blades and fuselages. Among the

most notable advancements of recent de-
cades have been computer codes for the
prediction of high-speed impulsive noise, a
technique for the measurement of noise in
flight, and a joint Army/helicopter-industry
test program in an anechoic wind tunnel.

One of the three main topics discussed
in the report is high-speed impulsive noise.
Experimental data have been taken by a
quiet airplane instrumented with micro-
phones, flying in formation with a helicop-
ter. High-speed impulsive noise manifests
itself in such measurements as strong neg-
ative pressure peaks observed during level
flight at high speeds. This type of noise has
been shown to be caused by effects of the
thicknesses of rotor blades and transonic
flow around the blades. High-speed impul-
sive noise has also been studied with
models in wind tunnels. From flight and
wind-tunnel tests, it has become clear that
high-speed impulsive noise can be scaled
and that the primary scaling parameter is
the mach number of the advancing tip of
the rotor blade.

The theoretical analysis of high-speed
impulsive noise is based on an equation for
the far-field acoustic pressure in terms of
monopole and dipole integrals over the
surfaces of rotor blades and the surround-
ing volume. Comparisons between theo-
retical predictions and experimental data
are presented.

The second main topic is noise caused

leading-edge technology.
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by interactions between rotor blades and
vortices. This phenomenon is not as well
understood as is high-speed impulsive
noise. It is known, however, that this type of
noise can be scaled for low advance ratios
and that the scaling parameters are the
mach number of the advancing tip of the
rotor blade, the advance ratio, the coeffi-
cient of thrust of rotor colitity, and the angle
of the plane defined by the path of the tips
of the rotor blades. Techniques of com-
putational fluid dynamics are now emerg-
ing for the understanding of the interac-
tions between blades and vortexes and the
noise caused by them.

The third topic is the joint Army/helicop-
ter-industry test program. Acoustic and
aerodynamic measurements are taken in
a wind tunnel with advanced, dynamically
scaled, pressure-instrumented model rotor
systems to relate the important aerody-
namic phenomena to near- and far-field
acoustic radiation. Topics of study include
high-speed impulsive noise, blade/vortex-
interaction noise, and low-frequency har-
monic noise.

This work was done by Yung H. Yu,
Frederic H. Schmitz, and Andrew H. Morse
of Ames Research Center. 7o obtain a
copy of the report, “Aeroacoustic Re-
search Programs at the Army Aviation Re-
search and Technology Activity," Circle 15
on the TSP Request Card.

ARC-12171

Growth of Instabilities in
Two Types of Mixing Layers

Effects of feedback
are examined.

A report discusses issues involved in
the computation of the growth of insta-
bilities and vorticity in the mixing (shear)
layer between two parallel flows that have
different speeds and are separated initial-
ly by a flat surface. The study focusses
upon the degree to which these growing
flow structures hasten or retard their own
further growth, and upon the related ques-
tion of the differences between flows com-
puted according to mathematical models
of S-layer and T-layer mixing.

An S (for “'space’’) layer is a shear layer
that develops downstream of a point where
the two streams are brought into tangen-
tial contact. This kind of shear layer is bet-
ter suited to experimental study in a labo-
ratory where, for example, it can be formed
at the downstream edge of a thin splitter
plate. AT (for “'time”) layer is a shear layer
in which infinitesimal wrinkles grow and
roll up into vortexes, developing in time
from an initial tangential velocity discon-
tinuity at the plane separating the half
spaces that contain the initial uniform
flows. A T-layer is better suited to theo-
retical study because the differential equa-
tions that describe its development are
parabolic in time (as opposed to elliptic for

NASA Tech Briets. August 1991

the S-layer) and, therefore, an initial per-
turbation can be specified according to the
linear theory and its growth treated by
linear/weakly nonlinear and computational
techniques.

The author notes that despite the simi-
larities between S- and T-layers, the com-
mon practice of interpreting observations
of S in terms of calculations with T may
be misleading. One of the physical ques-
tions associated with the difference be-
tween T and S-layers is whether distant
vortexes, which have already paired once
or several times downstream in the S-layer,
can induce perturbations upstream that
seed the subharmonic instability. If so, the
downstream development of the S-layer
would not depend on perturbations im-
posed upstream but the S-layer would
create its own perturbations and continue
to develop downstream. To examine this
question, the author offers a model of the
S-layer that introduces the elliptic nature
of real flow indirectly to some level of ap-
proximation in the solution for the T-layer.

The method of comparison between the
S- and T-models is to assume that the vor-
ticity of the S-layer is given parabolically
by a Galilean mapping of that of the T-layer,
to satisfy the appropriate boundary con-
ditions in the S-layer and compute the
velocity induced at any point in the S-layer
by its vorticity field, and to compare this
velocity to that which can be derived from
the velocity of the T-layer at corresponding
points by a Galilean transformation of the
velocity itself. The purpose of these cal-
culations is to assess approximately how
far the flow in the S-layer is from parabolic
and, in particular, to what extent the per-
turbations induced upstream by large
downstream concentrations of vorticity ex-
ert the retarding or hastening effect de-
scribed above. The results of the calcula-
tions suggest that this elliptic influence, or
the feedback, in a mixing layer is relative-
ly small, at least for flows in which the nor-
malized difference between the two initial
velocities is relatively small. Thus, the trans-
formation method used in this study offers
a suitable tool for the study of such flows.

This work was done by Upender K. Kaul
of Sterling Federal Systems for Ames
Research Center 7o obtain a copy of the
report, ‘Do large structures control their
own growth in a mixing layer? An assess-
ment,"” Circle 89 on the TSP Request Card.
ARC-12567

Block Lanczos Algorithm
for Gyroscopic Systems

Vibrations of rotating
structures are calculated
more efficiently.

A report describes the details of
implementation of a procedure for the

accurate and economical computation of
natural frequencies and associated vibra-

tional modes of an elastic structure rotat-
ing along an arbitrary axis (e.g., a rotating,
vibrating artificial satellite). A block version
of the Lanczos algorithm is derived for the
solution of the eigenvalue and eigenvector
problems. This version fully exploits the
sparsity of the associated matrices and
employs only real numbers in all relevant
computations. It is also capable of deter-
mining multiple roots and proves to be
most efficient when compared to other
similar existing techniques.

The equations of motion are usually put
in the form

(A+wB)y =0

where A is a matrix that contains the inertia
matrix M and the stiffness-and-centrifugal-
force matrix K as two blocks on the diago-
nal, B is a matrix that contains off-diagonal
antisymmetric blocks —M and +Mand an
antisymmetric Coriolis matrix C on the di-
agonal, y is a displacement-and-velocity
vector, and w represents the natural fre-
quencies (purely imaginary for steady os-
cillations).

The conventional solution process in-
volves the implicit inversion of A to reduce
the eigenvalue problem toone intermsof a
single matrix of twice the original size.
However, this procedure is inefficient due
to the nonsparse character and increased
order of the matrix.

To obtain the new block Lanczos algo-
rithm, the equation is first rewritten as

(A—AD)y = 0
where D = /B is a pure imaginary Hermi-
tian matrix, the roots A = iw are real and
occurinpairsi,, —A,,...,A,, —A,andthe
corresponding eigenvectors occur in com-
plex-conjugate pairs. To obtain a single
matrix from the set of two matrices that
define this equation, one performs a
Choleski decomposition
A=l ALL

A
La =[0M LK]

and L, L carethe lower triangular forms of
matrices M and K, respectively. The equa-
tion is then transformed to

H-yhy =0
inwhichy = 1A, w = 1/iy, and the matrix
H is expressed as

0 —iLygy

in which

H=
i Ly il CL-K’
At this point, several new constituent
matrices and matrix operations are de-
fined and used to describe a procedure to
recast the block Lanczos algorithm in
terms of real numbers.

The method was demonstrated by appli-
cation to a spinning cantilever beam and a
spinning cantilever plate. While each step
in the block algorithm is costlier than in the
conventional nonblock Lanczos method,
fewer steps are needed. The overall saving
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in solution time is comparable to that ef-
fected by block multivector inverse itera-
tion in place of the single-vector iteration
process. Furthermore, this procedure is
capable of effective determination of multi-
ple roots in which the usual nonblock pro-
cedure is deficient. Also, although some
experience may be necessary in choosing
an optimum block size, a range between 2
and 4 has been found to be effective.
This work was done by Kajal K. Gupta of
Ames Research Center and Charles L.
Lawson of Harvey Mudd College. Further
information may be found in NASA
TM-88290 [N87-19753], “Implementation
of a Block Lanczos Algorithm for Eigen-
problem Solution of Gyroscopic Systems.”
Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.
ARC-12147

Placement of O-Rings
in Solid Rocket Booster

Outward bowing of the
wall would tighten the seal.

A brief report proposes to modify the
placement of the O-ring seals in the joints
of the Solid Rocket Booster of the Space

Shuttle. This proposal is one of the sug-
gestions derived from analysis of the
Space Shuttle Challenger disaster, which
has been attributed to the failure of these
O-ring seals.

The analysis showed that the pressure
from the burning propellant caused the
wall of the booster to bow outward. Be-
cause the outward bowing is greater in the
portions of the wall between the joints than
at the joints, the joints bend a little: this
is the phenomenon known popularly as
“joint rotation.” The joint consists of a tang
ring locked by pins into a clevis ring, and
in the old configuration, the O-rings are
placed between the tang and the clevis
on the inner side of the tang. The joint rota-
tion causes the tang to pull away from the
O-rings, with consequent loss of seal.

The modified joint and seal would be
essentially an “inside-out™ version of the
old joint and seal. In the modified joint, the
O-rings would be placed between the outer
side of the tang and the clevis. The joint
rotation would push the tang harder
against the O-rings, thereby making an
even tighter seal.

This work was done by Charles Wood
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“Placement of O-Rings in the Space Shut-
tle Solid Rocket Booster,” Circle 12 on the
TSP Request Card.
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Bearing-Cartridge Damping Seal

Ball bearings would carry reduced loads and

be cooled more effectively.

Marshall Space Flight Center, Alabama

In a proposed design for an improved ball-
bearing cartridge, a damping seal in the form
of a thin-layer fluid journal bearing would be
incorporated into the cartridge. The damp-
ing seal would act as an auxiliary bearing,
relieving the bearing balls of significant por-
tions of both the static and the dynamic
bearing loads. The damping from the seal
would reduce the dynamic loads even fur-
ther by reducing the amplitude of vibrations
in the second vibrational mode of the rotor,
which mode occurs when the rotor is turn-
ing at nearly the full operating speed. The
damping-seal-cartridge design is intended
for use in the high-pressure-oxygen turbo-
pump of the Space Shuttie main engine, but
the design concept should also be applica-
ble to other turbomachinery bearings.

The bearing cartridge would be mounted
with 0.001-in. (0.025-mm) radial clearance
in the backup support attached to the stator.
The outer races of the bearing would be
mounted with 0.0005-in. (0.013-mm) radial
clearance in the bearing cartridge (see fig-
ure). Because the static lateral loads would
remain greater than the dynamic lateral loads
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throughout each turn of the rotor, the bear-
ings and cartridge would be held to one side
within their radial clearances.

The damping seal would be formed by
the fluid in the gap between the knurled in-
ner surface of the cartridge and the smooth
outer surface of a spacer on the rotor. The
damping seal would be 1 in. (2.54 cm) long
and located between the two ball bearings.
A small volume of the pumped fluid (in this
case, liquid oxygen) would flow along the
axis of the rotor, then along six radial roles
to holes in the spacer that are aligned 50°
from radial backward from the rotation. This
arrangement would partly deswirl the flow
as it entered the damping-seal gap. Deswirl-
ing would reduce the undesired cross-coup-
ling stiffness while maintaining the desired
direct stiffness and damping for optimum
rotordynamic performance. As it emerged
from the damping-seal gap, this flow would
discharge directly into the heat-generating
zone of the ball bearings, thereby helping
to remove heat from the bearings and con-
sequently prolonging their operating life.

The design of the seal is limited by the

The Damping Seal would be incorporated into
the bearing cartridge to divert loads from the ball
bearings and damp vibrations of the rotor.

available supply pressure and rate of fiow.
The seal is designed to impose the control-
ling resistance in its flow circuit and to pro-
vide maximum stiffness versus leakage,
thus providing maximum support for the
rotor in the face of the limited supply flow.
The design that results from this combina-
tion of requirements calls for the knurled
cartridge surface and a gap that tapers from
0.008 in. (0.20 mm) radial clearance at the
middle to 0.005 in. (0.13 mm) at the ends.
(The gap and the knurl are exaggerated for
clarity in the figure.)

This work was done by David G. Goggins,
Joseph K. Scharrer, and Wei C. Chen of
Rockwell International Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 85 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer
to MFS-29657.

Books and Reports

These reports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's)when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service.

Damping Seals Would Help
Support Turbopump Rotor

Tentative designs are presented.
A report describes an engineering study
of the proposed use of damping seals as
major load-carrying members of the high-
pressure-oxygen turbopump of the Space
Shuttle main engine. The damping seals
would be incorporated into the bearing pack-
ages at the preburner-pump and turbine-end
locations on the pump rotor. This explora-
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tion of the damping-seal concept was moti-
vated by the need to increase the operating
lives of the ball bearings that support the
rotor by relieving them of damaging tran-
sient lateral loads.

A damping seal of the type in question
is a leaky thin-layer liquid bearing somewhat
reminiscent of a labyrinth seal. It is formed
by directing some of the pumped fluid (in
this case, liquid oxygen) into the volume de-
fined by the roughened or pocketed inner
surface of a stator member and the smooth
outer surface of a rotor member that fits in
the stator member with a small radial clear-
ance. The damping seals are required to act
in parallel with, and remove most or all of
the radial load from, the ball bearings dur-
ing operation. The damping seals and ball
bearings must act in concert to suppress
the bending-mode vibrations of the rotor. The
overall result should be longer bearing lives

and a rotor-supporting system that is aimost
fully redundant.

The modified bearing packages are re-
quired to be robust and simple and to allow
the proper transfer of loads to the damping
seals. This means, among other things, the
smooth transfer of loads from the ball bear-
ings to the seals as the pump approaches
the operating speed. The installation of the
seals must not impose any additional bear-
ing loads (for example, because of slight mis-
alignments caused by accumulations of
manufacturing tolerances) and must not
compromise the integrity of the pump in any
other way. The seals are required to func-
tion with the pressure gradients available
in the unmodified pump design. The damp-
ing seals are also required to prevent rota-
tion of the outer races of the ball bearings.

During the design study, specifications
for the required performance, design enve-
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lope, and boundary conditions were devel-
oped. Various seal and bearing-package
design concepts were evaluated, and final
designs were selected and analyzed. Alter-
natives to standard damping seals were also
evaluated. After selection of the best bear-
ing-package design concepts, preliminary
mechanical designs were prepared and an-
alyzed.

Three damping-seal designs — two at
the preburner-pump location and one at the
turbine-end location — were developed and
analyzed. An alternative that was developed
for the turbine-end location consisted of a
pocketed hydrostatic bearing with an unique
geometry of stationary pockets and a
rotating feed. The dynamic performance of

the rotor/bearing system was evaluated. It
was found that two critical speeds that ex-
cite bending-mode vibrations of the rotor will
have to be traversed below the running
computed to be very well controlled, and
the response of the rotor was computed to
be very heavily damped.

This work was done by O. Pinkus, J.
Walowit, C. Lee, and F. Gillham of Mechani-
cal Technology, Inc., and P Buckman of
Aerojet TechSystems for Marshall Space
Flight Center. 7o obtain a copy of the report,
“Damping Seal Rotor Support in Turboma-
chinery,” Circle 3on the TSP Request Card.
MFS-27227

. Silhplldty-
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W |EEE-488 interface, optional

OPTICAL INSTRUMENTATION

1770 Kettering St. m Irvine, CA 92714 = 1-800-835-2626 = (714) 261-5600 = Fax (714) 261-7589

The Melles Griot Optical Beam Profiler system is designed for

the accurate and repeatable measurement of light source spatial
intensity profiles. This scanning slit profiler displays real-time beam
profiles and measures beam widths with sub-micron resolution.

It is a powerful, user-friendly system that is ideal for laser R&D,
manufacturing and quality assurance applications.

B 0.2um measurement resolution

B Measure beam diameters from 20um to 8.5mm

B Real-time analysis of laser beam profile, width and position
B Monitor beam pointing stability and peak intensity fluctuations
B Si (350-1000m,) and Ge (600-1800nm) detectors available

B Menu-driven beam analysis software

MELLES CRIOT
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Carrying Humans to
and from Mars

A proposed spacecraft
would incorporate
advanced technologies.

A document presents a conceptual de-
sign for a space vehicle to carry human
explorers from Earth to Mars, then back
to Earth. The design takes into account
promising — and sometimes conflict-
ing — new technologies that would make
Mars missions possible. Some new tech-
nologies like radiation-storm shelters and
advanced cryogenic propulsion can readily
be integrated into familiar vehicles. Others,
however, demand fundamentally new ve-
hicles. Such technologies include modular
hardware, robotic assembly and mainten-
ance, rotating artificial gravity, and high-
energy aerobraking.

The vehicle would be an assembly of
discrete, often modular, systems. With sim-
ple modifications, the systems can be re-
configured to accommodate the widely
varying transfer energies of the phases of
the mission (from Earth to orbit about the
Earth, from orbit about the Earth to orbit
about Mars, from orbit about Mars to land-
ing on Mars, and so forth).

The crew would occupy a triangular
racetrack of three Space-Station modules:
one for dormitory and garden; one for
galley, wardroom, operations, and recrea-
tion; and one for science and the mainten-
ance of health. The crew modules would
be mounted on an aerobrake that would
be used for arrival at Mars and return to
Earth. An auxiliary vehicle would carry four
crewmembers from orbit about Mars to
the surface of that planet for 60 days of
exploration, then carry them back to the
main vehicle.

For most of the time in transit between
Earth and Mars, except during changes in
course, systems would be extended from
tethers and rotated to generate artificial
gravitation for the crew. A tether crawler,
powered by its own solar cells, would re-
position scientific instruments as neces-
sary to keep them at the center of gravity.

Robotic manipulators would be used to
reconfigure the vehicle for the various
phases of the mission and to perform
maintenance in flight. The robot arms
would travel along the rim of the aerobrake
and be able to reach all points on the ex-
terior of the spacecraft.

This work was done by Brent Sherwood
of Boeing Huntsville Advanced Civil Space
System for Marshall Space Flight Cen-
ter. 7o obtain a copy of the report, “Manned
Mars Mission Vehicle Concept,” Circle 64
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center[see page 14].Refer
to MFS-28453.
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Computerized Profilometer for Inspection of Welds

Subjective inputs in inspection are reduced with consequent enhancement of precision.
Marshall Space Flight Center, Alabama

A third-generation profilometer for the
inspection of butt welds includes a hand-
held probe unit that operates in conjunc-
tion with a computer. In comparison with
first- and second-generation profilometers,
this one increases precision by reducing
subjective inputs and the concomitant var-
iations in outputs among different opera-
tors. In addition, the training of operators
is simplified.

A contour gauge in the hand-held probe
unit acquires a surface profile or cross
section (see figure) and reproduces the
profile mechanically in the input-image
aperture of an array of optoelectronic sen-
sors. A microprocessor in the hand-held
probe unit collects the raw image data (64
pairs or X, y coordinates) and sends them
to the computer via a standard serial data
link. The computer processes these data
into a dimensionally correct cross section
of the weld, locates the centerline, and
computes the peak angle and mismatch
of the weld. The results of these computa-
tions are sent over a parallel data port to
a printer/plotter, which prints the peak
angle and mismatch and plots the cross
section.

The computerization of the third-gen-
eration profilometer retains the capabilities
of the first- and second-generation profil-
ometers to measure the peak angles and
mismatches of butt welds and extends
measurement capabilities into the field of
image analysis. This makes the profilom-
eter an expandable system in the sense
that the computer program can be made
to extract and quantify subtle features in
a weld profile. For example, it could be
made to detect a weld bead, measure its
width and height, and assess its symmetry.
With modifications of the hand-held probe
and further modifications of the software,
the profile-analysis capability could be ex-
tended to include such other inspection
functions as rapid, objective measure-
ments of diameters, concentricities,
angles, and general profiles, as well as
tooling-setup functions for which rapid, ob-
jective measurements are required.

NASA Tech Briefs, August 1991

Yet another advantage of computer-
ization is that output data are more readi-
ly processable into forms that can be used
by the same or another computer. This
feature is desirable for the development
of data bases and for the development of
systems that perform other analyses; eg.,
to determine statistics on the qualities of
manufactured products for use in control-
ling manufacturing processes.

—

This work was done by M. A. Badinger,
F. N. Stone, and G. J. Drouant of Martin
Marietta Corp. for Marshall Space Flight
Center. For further information, Circle 59
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer
to MFS-28548.

The Hand-Held Probe Unit is positioned across a weld, in contact with the workpiece,

to obtain a profile.
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At last: A complete GPS
station clock under $10,000

Everything you want in a GPS station clock,
in one neat box:
* GPS receiver
* Disciplined standard
* Multiple output timing signal generator,
and much, much more.

What do you expect from a company with more than
30 years of production and field experience in the timing
business? You’d expect a one-unit master timing station,
capable of tracking six satellites simultaneously — even
while moving at 1,000 miles per hour — all inside a
3Y inch rack-mount chassis.

That’s the Model 8810 — a mature product, value-
engineered and time-tested, just like the ones we’ve been
providing to NASA and DoD for decades. And there’s so

much built into this unit, it’s hard to describe. Just review

the features listed below:

» Automatically determines geographical coordinates —

no need to enter position anywhere on earth

Automatic multi-satellite acquisition

» Time accuracy maintained with platform velocities to
over 1,000 mph

* Outputs position data whether stationary or moving

Multiple time code and rate output options

User friendly, menu-prompted setup

20-key keypad and 4-line, 40 character display allows

complete operation, checkout, and status acquisition

without ancillary equipment

Nonvolatile memory stores setup and data indefinitely

* Accurate to within 100 ns worldwide, 24 hours a day

* RS-232 remote control and time output (optional
IEEE-488 output)
* RS-232 printer port
» Displays time, position, and REF-UTC/GPS
» Time display is keypad-selectable to UTC, GPS,
or local time
» 115/230 VAC with optional 24 VDC backup
 Antenna with 50’ coax cable included
* Built-in test routines
* Fully modularized
» GPS receiver is drop-in replaceable
* Workmanship standards to MIL-STD-454
* Three-year limited warranty
* Plus, a host of desirable options
That’s the Model 8810, from TRAK Systems. And at
this price, there’s nothing else like it on the market. So
why pay more, and install boxes of equipment, when you
can have it all in one neat unit?

For free literature, or more information, contact us at:

TRAK SYSTEMS DIVISION

4726 Eisenhower Blvd.

Tampa, Florida 33634-6391

Phone: (813) 884-1411, extension 248
TLX: 52-827

FAX: (813) 886-2794

. TRAK SYSTEMS

pivision o TRAK. MICROWAVE CORP
Circle Reader Action No. 435



Computer-Aided Design of Sheet-Material Parts

The old manual graphical “‘development’” technique is computerized.

Marshall Space Flight Center, Alabama

A computer-aided-design system part-
ly automates the tedious process of de-
signing and guiding the assembly of small
pieces of flat sheet material into large sur-
faces that approximate smoothly curved
surfaces that have complicated three di-
mensional shapes. The system was con-
ceived for use in making rocket-engine
nozzles — specifically, for designing the
small pieces of brazing foil, called “‘pre-
forms,” that are assembled edge to edge
to cover the surface of each nozzle prior
to brazing in a furnace. Previously, the foil
covers were patchworks of manually
trimmed, small pieces that had random,
nonoptimum shapes and did not fit the sur-
faces of the nozzle in some spots. Clear-
ly, computer-aided design can be used to
advantage not only in the rocket-engine ap-
plication but in other applications that re-
quire the design of sheet-material parts.

In effect, this computer-aided design
system provides an improved, accelerated
version of the old technique of manual
graphical ‘‘development” of flat sections
of sheet metal that are to be joined at their
edges and/or folded to make three-dimen-
sional vessels, ducts, and the like. In con-
trast with the manual graphical technique,
the computer-aided technique rapidly
yields accurate dimensions for the small
pieces. This capability provides for flexibili-
ty in that it enables the designer to assess
quickly and easily the effects of changes
in design in making engineering com-
promises among various sizes and shapes.

At the beginning of the design process,
the data that specify the three-dimensional
surface to be covered or constructed are
fed into the computer from an engineer-
ing drawing of the surface or from an
equivalent computer data file. From this
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base of information and with the help of
the computer, the designer can develop
the geometric data on the pieces. Different
shapes can be created, then translated
andlor rotated onto the surface as required.
This process enables the designer to ob-
tain an optimized design fairly quickly.

The system can plot the outline of a ten-
tatively designed piece in full size; the
shape can be cut out of the plotting paper
and placed on a model of the surface to
determine whether the tentative design
provides a good fit. The system can create
drawings of templates that are used to cut
out the pieces (see figure). It can also
create indexing-aid drawings, which assist
in assembly by showing how to mark each
piece to show where to place it on the sur-
face to be covered or constructed.

The system can save time and money

in both design and fabrication. For exam-
ple, it can be used to maximize the sizes
and/or optimize the shapes of parts in such
a way as to reduce the amount of scrap
left after cutting the parts out of sheet
stock. Alternatively, it could help the de-
signer achieve an acceptable fit with fewer
parts, thereby reducing the fabrication time.

This work was done by Jeffrey L. Gilbert,
Vincent Y. Paternoster, Maureen L. Levitt,
and Mark R. Osterloh of Rockwell Inter-
national Corp. for Marshall Space Flight
Center. For further information, Circle 13
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer
to MFS-29759. .

Making High-Pass Filters for Submillimeter Waves

A process makes a thick metal mesh.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A micromachining-and-electroforming
process makes rigid metal meshes with
cells that range in size from 0.002 in. (0.05
mm) to 0.05 in. (1.27 mm) square. The
meshes are electrically thick; that is, thick-
nesses are comparable to the sizes of the
cells. These meshes are used as high-
pass filters (dichroic plates) for submilli-
meter electromagnetic waves.

The figure illustrates some of the steps
in the process. First, a standard undoped
silicon wafer is cut to a shape (usually
square) and to a size large enough to pro-
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vide a 0.05-in. (1.27-mm) border around the
mesh. To provide for an integral frame that
will support the mesh during the process,
the wafer is made at least 0.010 in. (0.25
mm) thicker than the final mesh is expect-
ed to be.

A high-speed dicing saw cuts parallel
channels in the wafer. The wafer is rotated
90° on the saw table, and the saw cuts
another set of channels parallel to each
other and perpendicular to the first set of
channels, forming a waffle pattern. The dis-
tance between adjacent channels defines

the size of a cell, and the width of a chan-
nel defines the thickness of the wall be-
tween adjacent cells. The channels are cut
to a depth slightly greater than the intend-
ed thickness of the grid. The saw blade
is exchanged for a much thicker grinding
wheel, and a swath 0.05 in. (1.27 mm) wide
is ground off around the edge of the wafer
to provide for the frame. At this stage, the
wafer forms the inverse of the final mesh.

The wafer is cleaned and placed in a
vacuum evaporation channel with the chan-
nel side facing a vapor-deposition source
and with a collimating baffle between the
wafer and the source boat. A layer of ti-
tanium 50 to 100 A thick is deposited on
the wafer and is followed by a layer of gold
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2,500 105,000 A thick. (The thin titanium
layer helps the gold adhere to the silicon.)
The baffle, with its 10:1 ratio of length to
width, causes most of the metal to be de-
posited only on the edge swath, the bot-
toms of the channels, and the tops of the
squares; little or no metal condenses on
the sidewalls of the channels.

The evaporated metal layers on the tops
of the squares are cut or ground off, and
the wafer is cleaned again. The wafer is
attached to an electrically insulating sup-
porting plate, and a cathodic contact is
clipped to the copper layer on the perime-
ter of the wafer. The wafer is immersed in
a copper electroforming bath at an initial
current density of 30 mA/cm? followed by
a longer exposure at 20 mA/cm? until the
channels and the edges become filled with
copper. Because little or no copper had
been vapor-deposited on the sidewalls of
the channels, the electroformed copper
builds up from the bottom; there is little
or no lateral growth of copper that could
cause voids by blocking a channel before
the bottom is completely filled. This makes
it possible to use narrow channels and,
consequently, to make thin walls; the thick-
ness of a wall can be as little as one-fifth
the thickness of the mesh (the height of
the wall).

When the channels are filled with cop-
per, the wafer is removed from the elec-
troforming bath and rubbed on fine emery
paper to remove any copper that has
grown on the squares and to flatten out

B

A Series of Steps involving cutting, grinding, vapor deposition, and electroforming creates a self-
supporting, electrically thick mesh. The width of the holes is typically 1.2 times the cutoff
wavelength of the dominant waveguide mode in a hole. To obtain a sharp frequency-cutoff
characteristic, the thickness of the mesh should be made greater than one-half of the guide

wavelength of the mode in the hole.

any asperities on the frame. The silicon is
etched away in hot potassium hydroxide,
leaving the copper mesh and its frame.

The new process is not limited to square
silicon wafers. Round wafers can also be
used, with slightly more complication in
grinding the periphery. The grid can be in
any pattern that can be produced in an

electroforming mandrel. Any platable metal
or alloy can be used for the mesh.

This work was done by Peter H. Siegel
of Caltech and John A. Lichtenberger of
Metaplate Co. for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 127 on the TSP Request Card.
NPO-17992

Stiff, Strong Splice for a Composite Sandwich Structure

Layers of alternating fiber orientation are interposed
between thin ears in an adhesive joint.

Ames Research Center, Moffett Field, California

A new type of splice for a composite
sandwich structure reduces the peak
shear stress in the structure. The splice,
which was developed for a structural joint
in the spar of a helicopter rotor blade, also
increases the precision of control over the
thickness of the adhesive at the joint.

The spar consists of two pieces — a
leading-edge half and a trailing-edge half,
both having C-shaped cross sections. The
new splice (see figure) bonds the halves
together to form a structural spar that can
carry high torsional shear; high bending
moments from aerodynamic loads; and
additional loads from flap shear, chord
shear, and related bending moments. The
joint is easy to make, requires no additional
pieces, and adds little weight. The bending
stiffness across the joint remains high so
that deflections of the airfoil surface under
aerodynamic loads are minimized. The
new joint supplants single- and double-
overlap joints. The single-overlap joint suf-
fers from low bending stiffness and high
peak shear and tension stresses. The
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double-overlap joint is superior to the
single-overlap version but is difficult to
make.

The new joint includes a pair of ears
bonded with a graphite filler laminate. The
thin ears can conform to the curvature of
the thicker graphite laminate between
them, yielding a spatially gradual and
therefore more uniform distribution of ten-

sion stress across the bond lines and con-
sequently smaller tension peaks. The
cross-sectional area that provides bending
stiffness is reduced by only the thickness
of an ear.

The ears are relatively stiff laminates of
90° and 45° fiber orientations, while the fill-
er laminate with its +45° fiber orientations
is relatively compliant. The combination of
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stiff ears and compliant filler contributes
further to the spatially and temporally
gradual transfer of loads to reduce the
peak shear stresses.

This work was done by D. Schmaling of
United Technologies, Sikorsky Aircraft, for
Ames Research Center. For further infor-
mation, Circle 149 on the TSP Request
Card.

Title to this invention, covered by U.S.
Patent No. 4,793,727, has been waived un-
der the provisions of the National Aeronau-

Verification of Tooling for Robotic Welding

tics and Space Act [42 U.S.C. 2457(f)]. In-
quiries concerning licenses for its com-
mercial development should be addressed
to

Robert Kline

Sikorsky Aircraft Division

United Technologies

6900 North Main Street

Stratford, CT 06601-1381
Refer to ARC-11743, volume and number
of this NASA Tech Briefs issue, and the
page number.

Computer simulations, robotic inspections, and visual
inspections are performed to detect discrepancies.

Marshall Space Flight Center, Alabama

A method for the verification of tooling
for robotic welding involves a combination
of computer simulations and visual inspec-
tions. The verification process ensures the
accuracy of a mathematical model that
represents the tooling in an off-line pro-
gramming system that numerically simu-
lates the operation of the robotic welding
system. In so doing, the process helps to
prevent damaging collisions between the
welding equipment and the workpiece, to
ensure that the tooling is positioned and
oriented properly with respect to the work-
piece, and/or to determine whether the
tooling has to be modified or adjusted to
achieve the foregoing objectives.

The mathematical model for a tool to
be used in welding a given workpiece is
first developed on a computer-aided-de-
sign system (eg., Computervision or equi-
valent). The model is transferred to another
computer-aided-design system (e.g., Uni-
graphics or equivalent) for the generation
of test points at various known locations
on the tool. These are points to which a
tool-inspecting robot will subsequently be
commanded to move.

The model of the tool and the test-point
information are then viewed with the help
of commercially available simulation soft-
ware (eg., PLACE or equivalent). The posi-
tion and the orientation of the surface are
verified at each test point. If the orienta-
tion at a point is improper, it could cause
the inspecting robot to attempt to reach
beyond the limits of its joints. Consequent-
ly, it may be necessary to alter the mathe-
matical model of the tool. Once the model
and the test points are satisfactory, they
are saved in a computer file. From this file,
the locations of the test points (relative to
where the tool is attached to a position-
ing table) are computed and used to create
a trajectory for the inspecting robot.

The off-line programming system is used
to create a program to move the inspect-
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ing robot to the desired test points on the
real tool. To do this, another simulation is
performed — this time taking account of
the entire collection of equipment in the
robotic work cell, including the robot and
its end effector, the positioning table, and
the tool. The trajectory created in the pre-
vious step must be within the reach of the
robot, and the limits of the joints are ex-
amined to verify this.

To prevent damage to the tool or the in-
specting robot, collisions are detected dur-
ing this simulation. The alignment and lo-
cation of the tool on the positioning table
are also watched to determine whether the
mathematical model has to be adjusted
further. At the completion of a successful
simulation (that is, when there are no col-
lisions and no joint limits are exceeded),
the program for the robot is created and
transmitted electronically to the robot con-
troller.

The tool is mounted on the positioning
table. A special end effector that measures
the position of the robot relative to the sur-
face under inspection is mounted on the
robot. This measurement is then performed
at each test point. The resulting measure-
ment data are used to determine whether
the mathematical model of the tool match-
es the real tool. If necessary, the model can
be revised and the process repeated until
the differences between the model and the
tool are acceptably small.

This work was done by Mark R. Osterioh,
Karen E. Sliwinski, and Ronald R. Anderson
of Rockwell International Corp. for Mar-
shall Space Flight Center. For further in-
formation, Circle 148 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer
to MFS-29725.

3M Improves
Moisture
Sealing and
Insulating
Systems

Family of tapes, pads,
and tubings, keyed to
electrical wiring harness
integrity

AUSTIN, Tex. — A variety of 3M mois-
ture sealing techniques have proved to be
effective through stringent accelerated
life tests and actual automotive applica-
tion experience.

Moisture seeping into virtually any
part of a wire harness can migrate
through wire strands in less than an hour.
This occurs through capillary action, and
atmospheric and temperature changes.
Corrosion and galvanic action can severe-
ly damage termination points, splices,
and connectors.

The 3M family
of protective tech-
nologies includes:
e EMS — Elec-

trical Moisture
Sealant Pads in-
sulate and pro-
tect splices from
moisture and
corrosion. They
can be applied

New Ideas Brochure
describes dozens of

after splicing technologies for solving
: present and future on-
and require N0 (upicje Seobentis.

heat.

EMB — Electrical Moisture Block Pads

seal the grommet area wire harnesses

against the penetration of moisture with

self-adhesive rubber based mastic.

® HST — Heat-Shrinkable Tubing insu-
lates, seals, and provides strain relief
for wire splices, in-line components,
fusible links and terminals.

The New Ideas Brochure describes
and illustrates recent automotive technol-
interconnects with precision overmolding,
flexible magnet material and powder and
liquid resins. To obtain a copy, contact a
3M Automotive Trades sales representa-
tive, or call 1-800-233-3636.

3M Electrical Specialties Division
Automotive OEM, A130-3N-48
2963

PO Box
Austin, TX 78769-2963
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Automated Scheduling Via Artificial Intelligence

The Operations Mission Planner approach is based on iterative refinement.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Artificial-intelligence software that auto-
mates scheduling has been developed in
the Operations Mission Planner (OMP) re-
search project. The OMP approach differs
from the classical artificial-intelligence ap-
proach to scheduling, in which a schedule
is built-up in straightforward incremental
fashion and if any proposed change in a
schedule could give rise to a conflict in
a subsequent scheduled event, the entire
part of the schedule beyond the change
must be rebuilt to take account of the
change. OMP software can be used in
both the generation of new schedules and
the modification of existing schedules in
view of changes in tasks and/or available
resources. Although the OMP project fo-
cused upon the scheduling of operations
of scientific instruments and other equip-
ment aboard a spacecraft, the OMP ap-
proach is also applicable to such terrestrial
problems as scheduling production in a
factory.

The OMP approach is based on iterative
refinement like that oracticed by expert
human schedulers: the scheduling soft-
ware builds and refines a schedule by
making a series of passes over the entire
schedule, learning from each pass and
modifying both the schedule and the
scheduling technique as it learns. In the
multiphase OMP approach, the planning
phases can be interleaved, enabling the
scheduling software to look globally over
the whole schedule or focus locally on a
given part of the schedule at its discretion.
The principal innovations of OMP iterative
refinement are the following:

* Unlike in the classical approach, illegal
schedules (those that contain conflicts)
are representable.

® The schedule is refined and conflicts
are resolved by modifying an existing
schedule, not by building a new schedule
from the beginning.

* Information about the state of the sched-
ule from prior passes is used to guide
the scheduling actions in subsequent
passes.

» Different strategies are used during dif-
ferent passes.

¢ Backtracking is not required. If a poor de-
cision is made, it can be unmade through
an appropriate action. The valid parts of

86

Executive (or Master) Level
* Initiates Scheduling
¢ Determines Scheduling Phase
* Terminates Scheduling

Strategic Level

« |dentifies Appropriate Tactics
* Establishes Parameters
* Determines Focus of Search

Tactical Level

* |dentifies Possible Actions
* Determines Parameters

Scheduling
Action

Three Levels of Control of scheduling activities impart flexibility to the OMP scheduling
software in that the generation of schedules is not bound to a single, all-encom-

passing, general-purpose control algorithm.

the schedule developed after the mistake

are not affected, although they may be

causally related.

* Replanning is reduced to selecting the
appropriate scheduling phase and
reinitiating planning with the additional
tasks or resource changes.

To summarize briefly, the OMP approach
is first to construct a rough schedule to
identify the problems, then refine the
schedule. In a significant departure from
classical planning software, the OMP soft-
ware allows illegal schedules to be de-
veloped and conflicts to exist within a
schedule during its evolution. By first build-
ing schedules that help to identify the
areas of high contention for resources and
interactions among tasks (denoted as
“bottlenecks”), the software can focus its
scheduling efforts. This parallels the ex-
pert human approach. Human schedulers
first throw everything onto timelines, which
are data structures that represent usage
of resources and assignments of tasks
over time, to identify the potential problem
areas. Once they have identified these
areas, they begin focusing their efforts
there, jumping back and forth from one
area to another to narrow the problems.

A schedule without conflicts is produced
only as a final output.

To implement iterative refinement, it has
been necessary to develop and incorpo-
rate some new artificial-intelligence con-
cepts. These include highly interdepen-
dent, advanced concepts of the multilevel
control of scheduling functions (see figure),
the representation of scheduled tasks, and
chronologies (limited histories of schedul-
ing activities and the effects of them on
the schedule). Chronologies are needed
to support assessment heuristics, which
identify and classify bottlenecks and are
required to support the multilevel control
mechanisms. In turn, the multilevel con-
trol mechanisms are necessary to support
knowledge-intensive searches, which in
turn are necessary because of the en-
hanced representation of scheduled tasks.
The integration of all these pieces into a
working model of an iterative-refinement
scheduling system is the most significant
achievement of the OMP research.

This work was done by Eric W. Biefeld
and Lynne P Cooper of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 8 on the TSP Request
Card. NPO-18209
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Imagine having more time to ponder the
abstract, rather than having to derive the solution.

With MACSYMA® symbolic math software you can!

No other software today packs the computa-
tional power, versatility, and reliability of MACSYMA.
MACSYMA can tackle any mathematical application you
may have, whether in algebra, calculus, trigonometry,
or practically any other branch of higher mathematics.
It gives you problem-solving tools such as Laplace and
Fourier transforms, Taylor and Poisson series, solution
of first and second order differential equations, solu-
tions to integrals, and more. It gives you sophisticated
2-D and 3-D graphics, and can convert your equations
into Fortran or ‘C’ for optimal numeric performance, or
TgX for inclusion in publications.

MACSYMA provides unequalled accuracy too,

with your choice of exact or arbi-

trary precision arithmetic, and gives

you results at speeds from 10 to 100 times
faster than traditional methods.

All this power is remarkably easy to use. With
the help of the User’s Guide, extensive on-line docu-
mentation, executable examples and demonstrations,
and the Quick Reference Card, a beginning MACSYMA
user can quickly become proficient, tackling problems
that might otherwise have been too difficult or time-
consuming.

Whatever your application — engineering,
science, economics or pure math — your work is too
important to trust to any other math software. You
deserve MACSYMA.

More than just a system for doing mathemat-
ics by computer, it’s the power tool for mathematics.

symbolics, i

MACSYMA Division
8 New England Executive Park East, Burlington, MA 01803 USA « 1-800-622-7962 (in Massachusetts, 617-221-1250.)

MACSYMA is a registered trademark of Symbolics, Inc. TcX is a trademark of the American Mathematical Society
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Books and Reports

These reports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service.

Spatial-Operator Algebra
for Robotic Manipulators

Transitions from abstract
formulations to detailed
solutions of problems
are simplified.

A report discusses a spatial-operator
algebra that has been developed in recent
studies of the mathematical modeling,
control, and design of the trajectories of ro-
botic manipulators. This algebra provides
a succinct representation of the mathe-
matically complicated interactions among
multiple joints and links of a manipulator,
thereby relieving the analyst of most of the
tedium of detailed algebraic manipulations.
The report presents an analytical formula-
tion of the spatial-operator algebra, de-
scribes some specific applications, sum-
marizes current research, and discusses
implementation of the spatial-operator al-
gebra in the Ada programming language.

The elements of this algebra are certain

linear operators that are always present
in the equations that describe the dynamic
and kinematic behavior of manipulators.
The domain and range spaces of these op-
erators consist of forces, velocities, and
accelerations. They are called “spatial”
operators because they show how forces,
velocities, and accelerations propagate
through space from one rigid body (eg.,
a link of a manipulator) to the next. Not only
do such operators have obvious physical
interpretations, but they are also implicit-
ly equivalent to recursions from link to link
along the manipulator arms. These recur-
sions can be turned immediately into im-
plementable algorithms by projecting on-
to appropriate coordinate frames.

The spatial operators are elements in
the algebra of linear bounded operators
that map between finite-dimensional Hilbert
spaces. The algebra of these operators is
known as a Banach algebra in the theory
of linear operators. The inversion of an op-
erator can, of course, be achieved by the
traditional techniques of linear algebra. In
addition, many important spatial operators
can be factored as the product of a causal,
a diagonal, and an anticausal operator. For
such an operator, inversion can be achieved
by the inward/outward-sweep solutions of
spatially recursive Kalman filtering.

The spatial-operator algebra provides a
high-level mathematical framework for the

description of the kinematic and dynamic
behavior of a manipulator and for the cor-
responding control and trajectory-design
algorithms. Expressions interpreted within
the algebraic framework lead to enhanced
conceptual and physical understanding of
the dynamics and kinematics of manipu-
lators. The spatial-operator algebra can be
used to solve any problem in the dynamics
of multiple interacting rigid bodies; in so
doing, it enables the equations of motion
to be manipulated at a very high level of
abstraction in which many of the quantities
being manipulated are causal or anticaus-
al linear operators. As a consequence, at
any stage of an abstract manipulation of
operators, spatially recursive algorithms to
implement the operator expressions can
be obtained readily by inspection. As a fur-
ther conseqguence, the transition from ab-
stract-operator mathematics to practical
implementation is relatively easy, requires
only a simple mental exercise, and can be
automated readily with a computer pro-
gram.

This work was done by Guillermo
Rodriguez, Kenneth K. Kreutz, and Mark
H. Milman of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report A Spatial Operator Algebra for
Manipulator Modeling and Control,” Circle
87 on the TSP Request Card.
NPO-17770

What You Don't Know Can Hurt You!

If you're involved with Design Verification/Test or Production
Test, then you need to read The Test Industry Reporter and
here's why!

« Itenhances your knowledge of test technology

» It alerts you on testing advances slated for the future

« Itcan help you with your current and future test projects

« It can show you how to reduce costs and increase
profits

« It relieves you of doing tons of research work

Published monthly, The Test Industry Reporter was founded to
provide a practical source of information for Design Engineer-
ing Managers, Test Engineering Managers, Design Engineers,
Test Engineers, and Sales Managers & Marketing Managers.

The Publisheris Art DeSena, one of the leading experts on test
technology for design verification and production test, and has
over 30 years experience inthe testindustry. Presently President
of ADS Associates, a consulting firm for test technology, Art
DeSena was Publisher and Editor of Electronics Testmagazine
and Director of Technical Programs for the ATE conferences for
a period of 8 years. Prior to that, he was a Product Manager for
a company that manufactured custom ATE systems for over 5
years and spent 18 years as a Test Engineering Manager for a
company that produced Radar & Sonar systems.

Vendors can use The Test Industry Reporter to plan product
development, identify the issues and needs of users, and de-
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velop informed competitive strategies.

Users will find tips onimplementation and analyses of user trends
vitalto their own testing requirements. Twelve times ayear, users
will read how their peers are using test systems for Design Test
through Production Test.

Please accept my subscription to “The Test Industry Reporter’
at the low cost of $195 (domestic)/$225 (foreign) for 12 monthly
issues.

Act Now and Save $20!! Send in your check or purchase order
now and deduct $20 off the normal subscription price. Pay only
0 $175 (domestic) and/or O $205 (foreign).

Send your check (or enclose your company's purchase order)
with the enclosed coupon (or your business card).

Name:
Title:
Company:
Address:

City, State, Zip:
Phone:

Sendto: NASA Tech Briefs
41 E. 42nd St., Suite 921, New York, NY 10017
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Software for Design of Life-Support Systems

A special-purpose computer program combines conventional
mathematical models with an expert software system.

Ames Research Center, Moffett Field, California

The Design Assistant Workstation
(DAWN) computer program is the proto-
type of an expert software system for the
analysis and design of regenerative, physi-
cal/chemical life-support systems that will
revitalize air, reclaim water, produce food,
and treat waste. DAWN incorporates both
conventional software for quantitative math-
ematical modeling of physical, chemical,
and biological processes and an expert
system that offers the user its stored know-
ledge about materials and processes.
DAWN enables a user to jump from one
design level to another — for example,
from a detailed evaluation of reaction ki-
netics to an overall concept of the process
to an overall energy balance.

The user can call on the conventional
software for help in solving clearly defined
problems for which ample data are avail-
able. Then the user can ask the expert sys-
tem for qualitative, common-sense reason-
ing and rules of thumb in developing new
concepts for which few empirical data are
available.

For example, if a designer wished to
consider the separation of water from salt,
DAWN would propose two alternatives:
centrifuging or flashing (see figure). Sup-
pose that the designer decides to consider
flashing. DAWN then leads the designer
through an evaluation. It informs the de-
signer that flashing is a viable alternative
if the boiling points of the components are
far away from each other. It finds that heat
must be added to the stream to effect flash
separation and that the first effect of the
addition of heat would be a change of
phase (it would not be a change of tem-
perature; DAWN “knows’’ that in this case
the water must first change from a solid
to a liquid). DAWN continues to simulate
the effect of the addition of heat and de-
fines each change of state until the goal
of separation is reached. The user can ask
to see the characteristics of the mixture
at any state.

This example illustrates how DAWN ac-
cepts a goal (separation), breaks it down
into possible subgoals (flash, centrifuge),

and simulates the effects (a sequence of
states) of the process associated with the
chosen subgoal (in this case, the addition
of heat associated with flashing). The user
can control the path of the design and
simulation. For example, the path can be
varied by addition of subgoals or by begin-
ning with a higher-level goal like an incin-
eration process or a lower-level goal like
a change of phase of water.

At the process level, DAWN has a
“smart front end,” wherein the user de-
fines a process in some detail, and a
“'smart back end,” wherein the user com-
pares the results of a quantitative simula-
tion (based on conventional software
models) with the predictions made by the
smart front end. The smart back end helps
the user make rough calculations, sug-
gests basic assumptions, offers some
quantitative reference data, and explains
equations.

This work was done by Mary R. Rudokas
and Elizabeth R. Cantwell of Ames Re-
search Center and Peter I. Robinson and
Timothy W. Shenk of RECOM. For further
information, Circle 5on the TSP Request
Card. ARC-12665

Change Change
(s:;:tar::‘uge Phase for Phase for
Stream Stream
Separate
NaCl and Change Change
H20 in Phase for Phase for
Stream Stream
Increase Increase
:,dg'm Temperature Temperature
for Stream for Stream
Tomponturo Tompoatuu
for Stream

DAWN Constructs a Task Tree as it leads a user through a simulated process, offers alternatives (centrifuge stream or flash stream,
for example), and indicates where an alternative is not feasible (e.g., an increase in the temperature of the stream is impossible
at the first addition of heat because the water is ice at this stage and must first be melted).

Research Animal Holding Facili

Prevents Space Lab Contamination

A healthy environment for both rodents and human researchers is maintained.

: : - with gaskets that form a barrier for inter-
Ames Research Center, Moffett Field, California BB et st certiolie, ' ackiion. 1
into the outside environment during space- cage is maintained at a pressure slightly
flight. The cage (see figure) houses two below ambient to prevent gases and par-
ticles (feces, food bits, hair), micro-organ- rodents in separate compartments. When ticles from flowing outward.
isms, ammonia, and odors from escaping installed in a cage module, the cage mates A removable waste tray at the base of
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A research animal holding facility
(RAHF) and rodent cage prevent solid par-
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the cage contains a layer of porous polyester padding treated
with phosphoric acid to inhibit the production of ammonia during
the decomposition of rodent urine. A layer of charcoal-impreg-
nated fibers is placed under the polyester pad to control odors.
Under that is a thin, electrically charged woven-fiber pad sup-
ported by a fine screen and bottom stainless-steel grill. Urine and
feces are dried by the flow of air through the tray to inhibit
decomposition.

The tray can easily be removed and replaced with a clean one.
Anastronautinserts a cover into the cage module to seal the tray,
removes the tray, placesitinabag for lateranalysis and disposal,
and inserts a new tray. To prevent food particles from escaping,
the astronaut follows a similar procedure for removing and
replacing a feeding tray.

During the removal or insertion of a cage or tray, an auxiliary
high-flow centrifugal blower is turned on to generate a vigorous
suction in the open module in addition to the small operating
suction maintained in the module by the environmental control
system. The additional inward flow helps to keep particles and
gases inside until the tray or cage is returned to the module.

Thecageis 1 0of 12inacage module. An environmental control
system behind the cage module circulates air through the cages,
controls the temperature and humidity, exhausts filtered air to the
outside environment through a charcoal bed and bacterial filter,
and accepts fresh air from the outside.

The RAHF system passed a 12-day ground-based
biocompatibility test. No particles larger than 150 um and no
micro-organisms in the laboratory environment outside the hold-
ing facility could be traced to the holding facility. No odors were
detected by a panel of qualified subjects. No ammonia was
detected, and carbon dioxide buildup was less than 0.35 percent.

This work was done by P. D. Savage, Jr., G. C. Jahns, B. P.
Dalton, R. P. Hogan, and A. E. Wray of Ames Research Center.
For further information, Circle 66 on the TSP Request Card.
ARC-12599
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The Rodent Cage Contains Compartments for two animals. For each, it
provides a drinking-water dispenser, a feeding alcove, and an activity-
monitoring port. The feeding and waste trays are removable. The layered
structure of the waste tray inhibits the generation of ammonia and the
decomposition of urine and feces.
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New on the Market

| A handheld,

by Control Sciences

Chatsworth, CA.

0.1° resolution and 0.2° accuracy.

CHI Systems Inc., Pleasanton, CA,

others,

Circle Reader Action Number 774.
R WSl R S B —
| Xmath™, an interactive, object-

dows workstations,
Integrated Systems
Clara, CA. Features

Inc.,

and multi-curve strip charts.

Circle Reader Action Number 792.

battery-operated
resolver meter has been developed
Inc.,
Designed to sim-
plify testing of resolver systems, the
meter is useful for resolver align-
ment, field testing, troubleshooting,
and system installation and check-

ut. Its LCD readout displays syn-
chro angles from 0° to 359.9°, with

Circle Reader Action Number 796.

has introduced a user-program-
mable interface board that con-
nects VME workstations with 100-
and 200-MByte/sec supercomputer
HIPPI (high-performance parallel
interface) ports. It provides both
input and output channels and can
be configured to support dual sim-
plex operations for both 32- and 64-
bit data path widths. The 9U inter-
face connects systems such as Sun
and Silicon Graphics with super-
computers from Cray, IBM, and

oriented mathematical analysis and
scripting environment for X-Win-
is offered by
Santa
include a

spreadsheet-style editor for matri-

ces, point-and-click graphics anno-
| tation, on-line hypertext help, and a
| built-in source-level debugger win-
dow for script-based programming.
Xmath automatically generates
plots from data or computations,
including 2D scatter plots, 3D sur-
face plots, multiple X and Y plots,
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Automatix Inc., Billerica, MA, has
introduced Autovision®, a high-
resolution, gray-scale machine vi-
sion system for on-line gaging, as-
sembly verification, and machine
guidance. Autovision can automati-
cally inspect up to 1200 parts per
minute with accuracy to £0.0002".
Built-in gauging tools enable report-
ing of over 200 measurement types
including point-to-point and line-to-
point distances, area, centroid, ra
dius, angle, and object location.

Circle Reader Action Number 780.

A new six-channel Global Position-
| ing System receiver from Magna-
vox, Torrance, CA, is built onto a
t single pocket-size printed circuit

simultaneously tracks and proc-
esses navigational signals and car-
rier phase from six satellites with
sensitivity 4-5 dB better than se-
quencing receivers and 8 dB better
| than multiplexed receivers. It can
be adopted in vehicle tracking sys-
tems, avionics suites, handheld ra-
dios, personal locators, marine

navigation systems, and other appli-
cations requiring precise position
updates and time measurements.

Circle Reader Action Number 800.

| A new bolt stress analyzer from

| Zendex Intl., Dublin, CA, uses ultra-
sonic waves to measure bolt fatigue.
Designated the JAG-2000, the com-
puter-based system processes and
displays information on tensile and
structural conditions. It can gauge
the fatigue of embedded bolts and
record stress conditions of previ-
ously-installed bolts for future com-

| parative analysis.

| Circle Reader Action Number 786.

board. Called the GPS Engine, it |

The Big Blu leak reactant from Re-
frigeration Technologies, Fullerton,
CA, is a topical spray coating that
| detects points of gas leakage as
small as 107 cc/sec. The test fluid
forms a soap-like foam cocoon vis-
ible for up to two hours. The solution

is nontoxic, biodegradable, noncor- |

| rosive, and leaves no residue.
Circle Reader Action Number 782.

|

SOLTEC Corp., San Fernando, CA,
has developed a thermal array re-
corder with a 400 dots per inch
thermal print head. The TA260 re-
corder offers up to 32k word/chan-
nel memory capacity with battery
| backup of set-up conditions and a 5
psecond maximum memory record-
ing sampling interval for recording
transient and high-speed signals. It
features real-time waveform, log-
ging, and trigger recording.
Circle Reader Action Number 778.

| Integrated Engineering Design, Co-
| lumbus, OH, has announced the
Parallax Il SE, a 3D wire frame
modeler that runs under Microsoft

CAD/CAM system uses hand-writ-

ten symbol or written letter recogni-
| tion, temporary construction lines,
| icons, and heads-up operation.
{ Circle Reader Action Number 794,

Millitech Corp., South Deerfield,
MA, has announced a new family of
millimeter wave communication
systems for use in cellular radio in-
terconnects, crowded spectrum in-
ter-city links, secure data links, and
personal communications net-
works. Covering the frequency
spectrum from 24 to 320 GHz, the
systems offer simplex, half duplex,
and full duplex transceivers, as well
as repeaters and translators. Modu-

| lation options include AM, FM, FSK,

BPSK, and QPSK, using direct or
heterodyne conversion.
Circle Reader Action Number 788.

Windows 3.0™. Priced at $350, the |

=l

CHAM of North America,
Huntsville, AL, has introduced
EasyMesh-3D™, a three-dimen-

sional grid generation software
package for computational fluid
dynamics simulation and analysis.
Using body-fitted coordinates, the
software allows engineers to define
complex grids and structures. It fea-
tures a graphical user interface and
point-and-click, pull-down menus.
Circle Reader Action Number 798.

Krohn-Hite Corp., Avon, MA, has
developed a tunable active low-
pass filter with a frequency range to
25.6 MHz. Offering 2.5 digits of |
resolution over the 170 Hz to 25.6
MHz range, the four-pole, maxi-
mally-flat filter has an attenuation
slope of 24 dB/octave and a
stopband attenuation of 100 dB. It
features selectable AC or DC cou-
pling and 1m or 50 ohm input im-
pedance.

Circle Reader Action Number 790.

A new 14-bit, 200-nsec track/hold
and A/D converter hybrid is avail-
able from ILC Data Device Corp.,
Bohemia, NY. Packaged in a small
40-pin TDIP or flatpack, the ADC-
00145 contains track/hold, tri-state
output buffers, and timing circuits.
The hybrid operates over a tempera-
ture range of -55°to +125° C. It has
applications in military and indus-
trial data conversion, including ra-
dar and sonar digitizing, vibration
and FFT analysis, and high-speed
data acquisition.

Circle Reader Action Number 776.
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New for Plastic Tubing

m Make secure
Y ™) connections
f“-h on PVC vinyl
ngs =i
Clamp-free connections are easy.
* Connect and disconnect
in seconds without tools
* Reusable, just pull sleeve
back to remove tubing
* Patented 360° sealing sleeve
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« Free product brochure
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NASA's Innovators

(continued from page 11)

units during space station construction, it could be customized
for Earth applications such as equipment or waste transfer.

Other state-of-the-art technologies canbe usedintandem
with telerobotic hardware to expand its applications. Hologra-
phy, another of Marzwell's research interests, could prove
especially fruitful. Three-dimensional holographic images—
with data on position, depth, and intensity—provide a detailed
picture often inaccessible through other means. A holographic
display system developed under an SBIR contract by Com-
puter Sciences Corporation provides near-real-time, full-
parallax images of a remote work site, enabling human
supervisors to more accurately monitor and control mechani-
cal systems.

When ataskis particularly difficult, simulations can provide
a safe and inexpensive training ground. KMS Fusion Inc.,
under contract to JPL, has created the Global Local Environ-
ment Telerobotics Simulator (GLETS), which immerses an
operatorin areal-time, interactive simulation. By superimpos-
ing the real image on the recorded simulation, GLETS can
update the virtual environment and alert the robot and opera-
tor to variances and impending errors. Specialized software
allows the robot to correct and learn from its mistakes, update
its database, and proceed safely with the task. The system
provides a means for remote handling operations in hazard-
ous environments and serves as an aid to mission planning.

As robotics technology becomes more sophisticated, hu-
man assistance will be summoned to solve problems only
when the robot has exhausted its own store of possible
solutions. This will free humans to oversee teams of robots
engaged in increasingly complex activities from ever greater
distances. Marzwell envisions robotic systems expanding in
trainability, retention, self-learning, and self-organization. With
these developments, he said, will come the autonomy needed
to enhance performance and safety, increase productivity,
and reduce costs in countless fields of human endeavor. O

Editor’s note: Dr. Marzwell will discuss several of these
advanced robotic systems at Technology 2001, the second
national technology transfer conference, December 3-5 in
San Jose, CA.

Photo courtesy JPL
GLETS immerses an operator in a real-time, interactive,
visually-updated simulation of a remote telerobotic site. The .
operaior views this virtual world through special glasses, and
can interact with GLETS using voice and gesture commands.
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New Literature

SEEl oATTERY ENGINEERING, INC.

Lithium/thionyl chloride batteries
for industrial, military, petrochemi-
cal, and medical applications are
featured in a color brochure from
Battery Engineering Inc., Hyde
Park, MA. The batteries provide
high energy density, high current
and voltage, and low self-discharge
rates, and operate over the -55° to
+200° C range.

| Circle Reader Action Number 724.

!

| A 28-page booklet from APD Cryo-
genics Inc., Allentown, PA, offers
basic technical instructions on cry-
opumping for new and potential
users. The booklet describes appli-
cations in UHV systems, sputtering
chambers, thin film production,
evaporative coaters, molecular
beam chambers, electron spectros-
copy, and high-frequency crystal
| calibration.

Circle Reader Action Number 708.

| A technical bulletin on Ryton® sul-
| far fiber, issued by Phillips Fibers
“Corp., Greenville, SC, details its
| performance and physical proper-
| ties, and lists applications for the
| Ryton resin and fiber. The flame-
; retardant and heat-resistant materi-
| als are used in thermoplastic com-
E posites and filter bags for filtration of
| flue gas from coal-fired boilers. Per-
| formance in three commercial
‘ pulse-jet baghouse installations is

described.

Circle Reader Action Number 704.

FABERS

Ryton Sulfar Fiber

PP S COMPOATN 4 1ty

Avtech Electrosystems, Ogdens-
burg, NY, is offering a 113-page
catalog of nanosecond waveform
generators and accessories, includ-
ing over 300 models of ultra-high-
speed pulse generators, impulse
generators, monocycle generators,
samplers, and delay generators.

The Microscope Book, from the
Cambrex Group, Boston, MA,
showcases state-of-the-art micro-
scope equipment and supplies. It
describes atomic force, electron,

1 light, scanning electron, stereo, and

The products are suited for use in |

optical communications, GHz
logic, semiconductor switching,
radar, ultrasonics, and medicine.
| Circle Reader Action Number 710.

Hydraulic wrenches with a novel
rack and pinion design for improved
accuracy are featured in a brochure
from Raymond Engineering Inc.,
Middletown, CT. The wrenches
have drop-foot adaptors adjustable
within a 360° range and swivel hy-
draulic fittings that ensure maneu-
verability without hose binding. The
four-color brochure also describes
! heavy-duty multi-pin ratchet
wrenches with torque to 75,000 ft.-
Ibs., Kerotest wrenches for nuclear
globe and check valves, and acces-
sories such as drives for impact
sockets.

Circle Reader Action Number 720,

Austron Inc., Austin, TX, has re-
leased a color brochure on its
Global Positioning System (GPS)
products that briefly explains the
GPS system, its operational advan-
| tages, and potential applications.
| Specifications for Austron’s GPS
time and frequency receivers are
included.

Circle Reader Action Number 718.

Electrostatic Technology Inc., Bran-
ford, CT, has released a brochure
describing its powder coating sys-
tems for composite material manu-
facturing. The systems, which are
energy-saving and require no sol-
vents, use dry powders to pre-im-
pregnate reinforcing materials such
as carbon fiber, aramid, and fiber-
glass, in the forms of fabric and tow.

transmission electron microscopes,
as well as accessories such as cam-

| eras, video systems, printers, image

acquisition equipment, diamond
knives, and ergonomic chairs for
microscope use.

Circle Reader Action Number 728. |

Anritsu

Anritsu America Inc., Oakland, NJ,
has published a free 46-page book-
let on optoelectronics detailing the
latest advances in light source tech-

| interference (EMI) and electromag-

R&B Enterprises, West Consho-
hocken, PA, has published a design
guide and directory covering the
measurement, reduction, and con-
trol of all forms of electromagnetic

netic environmental effects. The
420-page guide includes a product
directory and features sections on
shielding aids, filters, TEMPEST,
EMP, lightning, electrostatic dis-
charge, product safety, radiation
hazards, and commercial and mili-
tary EMI standards. A government
directory lists federal agencies con-
cerned with EMI.

Circle Reader Action Number 712.

nology and its applications. The |
booklet includes studies by leading
authorities on surface emitting la-
sers and active parallel microoptics,
synchrotron radiation, remote laser
detection of methane, current x-ray
laser R&D, ultrafast optoelectron-
ics, and the future of optical tech-
nology.

Circle Reader Action Number 702.

A color brochure published by Deft
Chemical Coatings, Irvine, CA, de-
scribes environmentally-safe coat-
ings for commercial and military
aircraft applications. The brochure
features a new VOC-compliant,

fluid-resistant epoxy primer in-
tended for corrosion protection of
metal parts exposed to chemicals
such as solvents and hydraulic
fluids.

Circle Reader Action Number 722. | Circle Reader Action Number 726.

1

| tures advanced machine and nu-
| merical controls that support a 48" x

| Circle Reader Action Number 706.

A 700-page databook from GEC
Plessey Semiconductors, Scotts
Valley, CA, spotlights the com-
pany’s radiation-hard and silicon-
on-sapphire (SGS) ICs. SOS-based
products include RAMs to 64 Kbits,
logic, 1553 protocol devices, 29XX-
bit slice, and a range of MIL-STD
1750A microprocessors and periph-
eral devices.

Circle Reader Action Number 714.

A new cost-effective metal cutting [
system is profiled in a booklet from l
Cybermation Cutting Systems Inc., ;

|

L | Medford, MA. The RAZOR™ sys-

tem uses a proprietary narrow-
beam cutting head to produce pre-
cision metal parts at nearly half the
cost of laser-based systems. It fea-

96" cutting range on a large, rigid
machine tool bed.

A full-color brochure describes the
IMAGE system, a universal test sys-
tem from ACL Technologies, Santa
Ana, CA, that provides computer-
aided testing for a variety of aircraft
components, including servo-
valves, servoactuators, pumps, and
motors. Airlines can use the IMAGE
system to quickly and accurately
test components removed from air-
craft to determine whether or not
they should be sent to overhaul.

Circle Reader Action Number 716.
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A

ACCUMULATORS
(COMPUTERS)

Digital accumulators in
phase- and frequency-
tracking loops ~

page 30 NPO-17909

ALGEBRA
Spatial-operator algebra
for robotic manipulators
page 88 NPO-17770

ANALYSIS
(MATHEMATICS)

Strain center for analysis
of forces

page 68 NPO-17966

ANTENNA ARRAYS
Reducing cross-polarized
radiation from a
microstrip antenna

page 20 NPO-18147

ARCHITECTURE
(COMPUTERS)
Architecture for intelligent
control of robotic tasks
page 28 NPO-17871

ARTIFICIAL
INTELLIGENCE
Automated scheduling
via artificial intelligence
page 86 NPO-18209

ASTROMETRY

Aiming schedule for or-
biting astrometric
telescope

page 57 ARC-12103

ASTRONOMICAL
OBSERVATORIES
Digital control of a
telescope in an airplane
page 29 ARC-12399

ATTITUDE
(INCLINATION)
Preventing aim at an
undesired target

page 24 NPO-18077

AVIONICS
Electromagnetic in-
terference in new aircraft
page 32 ARC-12161

AVOIDANCE

Preventing aim at an
undesired target

page 24 NPO-18077

BALL BEARINGS
Bearing-cartridge damp-
ing seal

page 77 MFS-29657

94

BEARINGS

Grease inhibits stress-
corrosion cracking in
bearing race

page 58 MFS-29664

BENDING
Mixed-mode-bending
delamination apparatus
page 73 LAR-13985

BETA PARTICLES
Betavoltaics of increased

power
page 23 NPO-17817

BLADE SLAP NOISE
Re_search in helicopter

noise
page 74 ARC-12171

BOOSTER ROCKET
ENGINES
Distributed-computer
system optimizes SRB
joints

page 24 LAR-14311

BOUNDARY LAYER
TRANSITION
Liquid-crystal coats help
make flows visible

page 65 LAR-14342

C

C-141 AIRCRAFT

Digital control of a
telescope in an airplane
page 29 ARC-12399

CAPACITORS
Switched-capacitor
voltage multiplier

page 16 NPO-17994

CHALLENGER
(ORBITER)

Placement of O-rings in
solid rocket booster

page 76 NPO-18008

CHOKES
(RESTRICTION)
Self-adjusting choke for
nozzle

page 64 NPO-17625

CIRCUITS

Digital accumulators in
phase- and frequency-
tracking loops

page 30 NPO-17909

COMBUSTION
PRODUCTS
Mathematical model for
deposition of soot

page 49 MFS-28506

COMPOSITE
MATERIALS
Mixed-mode-bending
delamination apparatus
page 73 LAR-13985

Stiff, strong splice for a

composite sandwich
structure
page 84 ARC-11743

COMPRESSIBLE FLOW
Accounting for com-
pressibility in viscous
flow in pipes

page 66 ARC-12249

COMPUTATIONAL
FLUID DYNAMICS
Adaptive grids for com-
putations of three-
dimensional flows

page 66 ARC-12479
Growth of instabilities in
two types of mixing
layers

page 75 ARC-12567
Incompressible, viscous
flow about an
ogive/cylinder

page 73 ARC-11793

COMPUTER AIDED
DESIGN

Computer-aided design of
sheet-material parts

page 83 MFS-29759

Computer language for
optimization of design
page 59 LAR-14280
Design and analysis of
linear control systems
page 59 KSC-11376

Software for design of

life-support systems
page 89 ARC-12665

COMPUTER
GRAPHICS

Graphical planning of
spacecraft missions
page 60 GSC-13318

CONTROL

Design and analysis of
linear control systems
page 59 KSC-11376

CONTROL EQUIPMENT
Preventing aim at an
undesired target

page 24 NPO-18077

CONTROL
UNITS(COMPUTERS)
Architecture for intelligent
control of robotic tasks
page 28 NPO-17871

COOLING

Stirling-cycle cooling for
tunable diode laser

page 16 NPO-18045

CORROSION
PREVENTION

Grease inhibits stress-
corrosion cracking in
bearing race

page 58 MFS-29664

page 49 NPO-18136

CRYSTAL GROWTH
Compact apparatus for
growth of protein crystals
page 51 MFS-28507

D

DAMPING
Bearing-cartridge damp-
ing seal

page 77 MFS-29657
Damping seals would
help support turbopump
rotor

page 77 MFS-27227

DELAMINATING
Mixed-mode-bending
delamination apparatus
page 73 LAR-13985

DESIGN ANALYSIS
Computer language for
optimization of design

page 59 LAR-14280-

DIGITAL SYSTEMS
Electromagnetic in-
terference in new aircraft
page 32 ARC-12161

DIGITAL TECHNIQUES
Digital control of a
telescope in an airplane
page 29 ARC-12399

DISPLAY DEVICES
Effects of frame rates in
video displays

page 32 ARC-12358

DOPPLER EFFECT
Behavior of Costas loop
in reception of telemetry
page 30 NPO-18084

DUCTS

Algebraic model of tur-
bulence for internal flow
page 63 ARC-12544

DYNAMIC LOADS
Calculating dynamics of
helicopters and slung loads
page 71 ARC-12755

E

ELASTOPLASTICITY

Program for elastoplastic
analyses of plane frames
page 59 LEW-14889

ELECTRIC BATTERIES
Betavoltaics of increased

power
page 23 NPO-17817

ELECTRIC WELDING
foring weiding

and data simultaneously

page 29 MFS-29772

ELECTROMAGNETIC
INTERFERENCE
Electromagnetic in-
terference in new aircraft
page 32 ARC-12161

ELECTROMIGRATION
Designing accelerated
tests of electromigration
page 54 NPO-18012
Five-segment intercon-
nection for electromigra-
tion tests

page 18 NPO-18105

ENERGY ABSORPTION
Docki g
commodate
misalignments

page 68 MSC-21596

ERROR ANALYSIS
Designing accelerated
tests of electromigration
page 54 NPO-18012

EXPERT SYSTEMS
Software for design of
life-support systems

page 89 ARC-12665

EXTREME
ULTRAVIOLET
RADIATION

Scanning x+ay or extreme-
sy

itraviolet
page 52 MFS-28492

E

FIRE FIGHTING
Self-adjusting choke for
nozzle

page 64 NPO-17625

FLEXIBLE
SPACECRAFT
Zero-spring-rate
mechanism/air suspen-
sion cart

page 69 LAR-14142

FLOW DISTRIBUTION
Helicity-density and
normalized-helicity maps
of flows

page 62 ARC-12464

FLOW EQUATIONS
Algebraic model of tur-
bulence for internal flow
page 63 ARC-12544

FLOW STABILITY
Growth of instabilities in
two types of mixing
layers

page 75 ARC-12567

FLOW VISUALIZATION
Liquid-crystal coats help
make flows visible

page 65 LAR-14342

FLUID DYNAMICS
Adaptive grids for com-
putations of three-
dimensional flows

page 66 ARC-12479

FRAMES

Program for elastoplastic
analyses of plane frames
page 59 LEW-14889
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OUTPERFORMING
ALL OTHERS.

When it comes to attracting the
computer industry’s best exhibitors
and educators, showcasing the newest
products and services and addressing
issues relevant to computer networking
and connectivity, there’s only one trade
show that consistently outperforms
all others. NETWORLD.

Designed as a global marketing
and sales event, the 91 Dallas show will
be NETWORLD'S best performance
yet. Over 450 vendors will line the show
floor each able to answer your toughest

questions, offer solutions
and deliver all the latest
technologies. And you can choose
from a variety of topics featured in
NETWORLD’S Conference Program—

more than 70 Seminars and 12 full-day
Tutorials all guaranteed to leave

you charged with the latest industry
information.

So plan to attend. And take
advantage of this powerful opportunity
to put your company in complete
control of today’s rapidly expanding
computer market.

Call 800-444-3976 or
201-569-8542 for more information.
Experience for yourself why
NETWORLD is outperforming all
others.

NETWORLD 91 DALLAS

October 15-17, 1991

Dallas Convention Center



FRAMES (DATA

PROCESSING)

Effects of frame rates in
g :

page 32 ARC-12358

G

GLOBAL POSITIONING
SYSTEM

Digital accumulators in
phase- and frequency-
tracking loops
page 30

GYROSCOPES

Block Lanczos algorithm
for gyroscopic systems
page 75 ARC-12147

H

HEAT FLUX

Integral plug-type heat-
flux gauge

page 72 LEW-14967
HELICOPTER
PERFORMANCE

Calculating dynamics of
helicopters and slung

loads

page 71 ARC-12755
HELICOPTERS
Research in helicopter
noise

page 74 ARC-12171

HIGH PASS FILTERS
Making high-pass filters
for submillimeter waves
page 83 NPO-17992

HYPERSONIC
VEHICLES

Transpiration cooling of
hypersonic blunt body
page 57 ARC-12383

HYPERSONIC WIND
TUNNELS

Adjustable pitot probe
page 70 LAR-14232

IMAGING
TECHNIQUES
Monitoring welding im-
ages and data
simultaneously

page 29 MFS-29772

Spatial light modulator
would serve as elec-
tronic iris
page 22

INCOMPRESSIBLE
FLOW

Incompressible, viscous
flow about an
ogive/cylinder
page 73

INFRARED
SPECTROSCOPY
Stirling-cycle cooling for
tunable diode laser
NPO-18045

MFS-29758

ARC-11793

INSPECTION
Computerized pro-
filometer for inspection of
welds

page 79 MFS-28548
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INTEGRATED
CIRCUITS
Designing accelerated
tests of electromigration
page 54 NPO-18012
Five-segment intercon-
nection for electromigra-
tion tests
page 18

IRISES (MECHANICAL
APERTURES)

Spatial light modulator
would serve as elec-

tronic iris

page 22 MFS-29758
JOINING

Five-segment intercon-
nection for electromigra-

tion tests
page 18

NPO-18105

NPO-18105

JOINTS (JUNCTIONS)
Distributed-computer
system optimizes SRB
joints
page 24 LAR-14311
JOURNAL BEARINGS
Bearing-cartridge damp-

ing seal
MFS-29657

page 77

LASER DOPPLER
VELOCIMETERS
Modification of catadiop-
tric telescope for laser

velocimetry

page 56 ARC-12610
LIFE SUPPORT
SYSTEMS

Software for design of
life-support systems
page 89 ARC-12665

LIGHT MODULATION
Spatial light modulator
would serve as elec-

tronic iris
page 22

LINEAR SYSTEMS
Design and analysis of
linear control systems
page 59 KSC-11376

MFS-29758

LIQUID CRYSTALS
Liquid-crystal coats help
make flows visible

page 65 LAR-14342

LOADS (FORCES)

Strain center for analysis
of forces
page 68

LOOPS

Digital accumulators in

phase- and frequency-

tracking loops
NPO-17909

page 30

MANIPULATORS
Experiences with the JPL
telerobot testbed

page 30 NPO-17928

NPO-17966

Spatial-operator algebra
for robotic manipulators
NPO-17770

MANNED ORBITAL
TELESCOPES

Aiming schedule for or-
biting astrometric
telescope
page 57

MANNED
SPACECRAFT
Carrying humans to and
from Mars

page 78 MFS-28453
MAPS

Helicity-density and
normalized-helicity maps
of flows
page 62

ARC-12103

ARC-12464

MARS LANDING
Carrying humans to and
from Mars
page 78 MFS-28453
MEASURING
INSTRUMENTS

Integral plug-type heat-
flux gauge

page 72 LEW-14967
MESH

Making high-pass filters
for submillimeter waves
page 83 NPO-17992

METAL SHEETS
Computer-aided design of
sheet-material parts

page 83 MFS-29759

MICROWAVE
ANTENNAS

Reducing cross-polarized
radiation from a
microstrip antenna

page 20 NPO-18147

MISSION PLANNING
Automated scheduling

via artificial intelligence
page 86 NPO-18209
Graphical planning of
spacecraft missions
page 60 GSC-13318

MIXING LENGTH
FLOW THEORY
Growth of instabilities in
two types of mixing
layers
page 75 ARC-12567
MODULES

Docking system would
accommodate
misalignments
page 68

MONOCHROMATORS
Scanning x-ray or
extreme-ultraviolet
monochromator

page 52 MFS-28492

N

NOISE (SOUND)
Research in helicopter
noise

MSC-21596

page 74 ARC-12171

NOZZLE DESIGN
Self-adjusting choke for
nozzle

NPO-17625

O

O-RING SEALS
Placement of O-rings in
solid rocket booster

page 76 NPO-18008

ORIFICES
Self-adjusting choke for
nozzle

page 64

NPO-17625

P

PARTICULATES
Mathematical model for
deposition of soot

page 49 MFS-28506

PAYLOADS
Calculating dynamics of
helicopters and slung
loads
page 71

page 64

ARC-12755

PIPE FLOW
Accounting for com-
pressibility in viscous
flow in pipes
page 66 ARC-12249
PIPELINING
(COMPUTERS)

Video pipeline tree for
scan conversion of
triangles
page 27

PITOT TUBES
Adjustable pitot probe
page 70 LAR-14232

POLLUTION CONTROL
Research animal holding
facility prevents space
lab contamination

page 89 ARC-12599

ARC-11661

POWER SUPPLY
CIRCUITS
Switched-capacitor
voltage muiltiplier

page 16 NPO-17994

PREFORMS
Computer-aided design of
sheet-material parts

page 83 MFS-29759

PRESSURE
MEASUREMENT
Adijustable pitot probe
page 70 LAR-14232

PROFILOMETERS
Computerized pro-
filometer for inspection of
welds
page 79

PROGRAMMING
LANGUAGES

Computer language for
optimization of design
page 59 LAR-14280

MFS-28548

PROTEINS

Compact apparatus for
growth of protein crystals
page 51 MFS-28507

R

RADIATION
DISTRIBUTION
Reducing cross-polarized
radiation from a
microstrip antenna

page 20 NPO-18147

RADIOISOTOPE
BATTERIES

Betavoltaics of increased
power
page 23 NPO-17817
RESEARCH FACILITIES
Research animal holding
facility prevents space
lab contamination

page 89 ARC-12599

ROBOTICS

Architecture for intelligent
control of robotic tasks
page 28 NPO-17871

Experiences with the JPL
telerobot testbed

page 30 NPO-17928
Spatial-operator algebra
for robotic manipulators
page 88 NPO-17770
Verification of tooling for
robotic welding

page 85 MFS-29725

RODENTS

Research animal holding
facility prevents space
lab contamination

page 89 ARC-12599

ROTATING BODIES
Block Lanczos algorithm
for gyroscopic systems
page 75 ARC-12147

ROTORS
Damping seals would
help support turbopump

rotor
MFS-27227

page 77

SANDWICH
STRUCTURES

Stiff, strong splice for a
composite sandwich
structure
page 84 ARC-11743
SCANNERS

Video pipeline tree for
scan conversion of
triangles

page 27 ARC-11661
SCHEDULING
Automated scheduling
via artificial intelligence

page 86 NPO-18209
SCHMIDT
TELESCOPES
Modification of catadiop-
tric telescope for laser
velocimetry

page 56 ARC-12610
SEALS

Damping seals would
help support turbopump
rotor

page 77 MFS-27227
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LA jg}ﬁ} Imagine a lightweight
A metal foil with a mesh-like,
single-unit structure that
eliminates the unraveling
and contact resistance of
woven mesh
L

Computer controllable

X-Y table only $1,890

Includes table, step motors
& control / driver

) 7

Imagine it with
superior EM/RFIESD
shielding, electrical
and heat transfer
properties.

m'. ing,
y laminating, contracting,
. expanding.
\'»,
v Compact & Simple Design
v Scanning and Feeding
v Testing and Manufacturing
v 747 Different Models
v Send for free catalog
CALL 000/“2-6446 except NYS
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E. BLOOMFIELD, NY 14443
MEX inc PHONE 716/657-6151

Circle Reader Action No. 447

3D MOTION
CONTROL FOR MACs

THREE-D MOTION is a multiple axis software
package for step-motion applications such as
engraving, milling, robotics and vision systems
Screen presentation consists of mouse-driven .
panel and pop-up windows

Now imagine how you'd
use it.

Call 203/481-4277
for a free sample of
MicroGrid *.

Circle Reader Action No. 416

Let AutoCAT drive your
IEEE Bus for only $295.00!

Software for IBM™ or compatible
computers to Automate Computer
Aided Tests.

* Automatic test generation
No programming knowledge
required. Online help.

Uses IEEE-488, RS232 and

Motion is controlled by Absolute (screen grid . !
plug in cards

positions of x-y and z are selected by "clicks"),

Relative (jogs the position along the selected .
path), Numeric (positions are entered as text
with parameters, i.e. speed, acceleration and
spindle), and PICT (creates a scan file that
transiates any screen image into x-y with z axis
intensity). Demo disc available. .

Spreadsheet/database
compatible files

* Menu and mouse
driven

Free demo disk

THREE-D is MultiFinder compatible. A comm
port connects multiple controller/driver hardware

Software: $235.

ELECTRONIC PRODUCTS £
P.0. Box 891, Mountain View, CA 94042 4451B Enterprise Ct., Melbourne, FL 32934

800-424-STEP Ph.: (407) 259-2090 Fax: (407) 255-0274
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3-axis hardware: $895.

450 pages of
tooling components!

This illustrated complete
line catalog includes
component parts for figs
and fixdtures, chuck jaws,
plug gauges, threaded
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toggle clamps,

1 SWIFTSURE power
8 workholding devices, drill
b jig bushings, locking pins,
k and modular fiduring.
Completely illustrated.
Send for your free copy.

This 1/72 scale model of the space shuttle g
Discovery features a huge 13" wingspan and in-
cludes engraved tile detail, movable rudder and
flap, authentic NASA decals, adjustable

arm, opening cargo bay doors, and
detailed Spacelab payload. Molded in white. Kits
are $24.95 each + $4.00 postage and handling.

money
Dept. F, 41 East
NY 10017. For credit card orders, call

(800) 258-0201 (NY state: 212-490-3999).

SRR Circle Reader Action No. 429
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FREE!
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“Optics
for
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Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
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objectives, eyepieces plus thousands of other
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Quality Precision™
Assemblies & ‘
Components

SINCE 1962 « Custom » Stock
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your entire assembly project staring
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Call for FREE brochure.
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Instrument
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New Hyde Park, NY 11040
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Fax (S516) 3268827
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FOURIER TRANSFORM POLARIZING
MICHELSON, MARTIN PUPLETT AND
FABRY PEROT INTERFEROMETERS
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- Fast Scan and Step Scan Versions

- High Resolution (up to 0.025cm™)

- Phase, Amplitude or Polarization
Modulation

- Detectors (room temp. or cryogenic)

- Software and Computer Interface
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301 Commerce Drive, Fairfield, CT 06430
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SEALS (STOPPERS)
Bearing-cartridge damp-
ing seal

page 77 MFS-29657

SOO0T

Mathematical model for
deposition of soot

page 49 MFS-28506

SPACE
COMMUNICATION
Behavior of Costas loop
in reception of telemetry
page 30 NPO-18084

SPACE MISSIONS
Graphical planning of
spacecraft missions

page 60 GSC-13318

SPACE PROCESSING
Compact apparatus for
growth of protein crystals
page 51 MFS-28507

SPACE SHUTTLE
BOOSTERS
Distributed-computer
system optimizes SRB
joints

page 24 LAR-14311

Placement of O-rings in
solid rocket booster
page 76 NPO-18008

SPACECRAFT

Carrying humans to and
from Mars

page 78 MFS-28453

SPACECRAFT DOCK-
ING MODULES

Docking system would ac-
commodate mi

page 68 MSC-21596

SPACECRAFT POWER
SUPPLIES
Betavoltaics of increased

power
page 23 NPO-17817

SPLICING

Stiff, strong splice for a
composite sandwich
structure

page 84 ARC-11743

STIRLING CYCLE
Stirling-cycle cooling for
tunable diode laser

page 16 NPO-18045

STRAIN DISTRIBUTION
Strain center for analysis
of forces

page 68 NPO-17966

STRESS CORROSION
CRACKING
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Hypersignal-Windows™ Block Diagram

Advanced Simulation Software under Windows 3.0

Data Flow Driven

Multi-Rate Applications including
decimation, interpolation, etc.

Open Software Architecture
New Blocks created using standard C

Supports Dynamic Data Exchange
(DDE) interface

® Compatible with Hypersignal-Workstation
and other Hypersignal-Windows software
applications

® Blocks can make use of DSP plug-in boards
for algorithm acceleration

® Flexible interface to allow virtually every
algorithm application from classical telecom
applications to Digital Image Processing

For more information, including VHS
Demo Tape Request Form, contact:

Hyperception, Inc.
9550 Skillman LB 125
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