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Photo courtesy Hercules Aerospace Company 

by Randy L. Coggeshall, Larry B. I/cewicz, 
Peter J. Smith, and W. Thomas Freeman 

O
ver the past two decades, advanced 
composite materials have pro­
gressed from a laboratory curios­
ity to a production reality . Com­

posites have demonstrated weight sav­
ings for aircraft structures and outstand­
ing corrosion and fatigue damage resis­
tance. Commercial aircraft applications 
have ranged from wide coverage on 
small flight control surfaces to a limited 
number of primary structures. Tens of 
millions of flight hours and cycles have 
been generated from these applications, 
but from a production standpoint we are 
just scratching the surface. 

Starting with the existing secondary 
structure, including spoilers, flaps, and 
other flight controls, we are able to pro­
vide a modest weight reduction by using 
composite materials. These components 
tend to be relatively small and do not 
lend themselves to automated produc­
tion techniques. As a result, they gener­
ally cost more than their metal counter­
parts. These applications have given us 
a great deal of production and service 
experience, however, and point the way 
towards larger and more complex com­
posite structures, including empennages, 
10 

wings, and fuselages . Large structures, 
with their large laminate areas, lend 
themselves to automated material place­
ment techniques such as numerically­
controlled tape lamination and advanced 
tow placement. They also allow designs 
that require fewer parts, such as inte­
grally-stiffened co-cured wing panels, 
which help lower fabrication and assem­
bly costs. 

To assure the timely application of 
composites to the next generation of 
U.S. aircraft, we must improve our tech­
nology and manufacturing tools. Design 
and analysis tool capabilities are in their 
infancy, and cost-effective manufactur­
ing techniques and materials have not 
been fully characterized. A number of 
service-related issues need to be re­
solved, especially for large wing and 
pressurized fuselage applications. These 
issues include lightning-strike protec­
tion and pressure containment of dam­
aged fuselage structure. While much 
progress has been made, a significant 
amount of work remains before we will 
see an all-composite large commercial 
aircraft that is competitive with current 
aluminum planes. 

Under a NASA ACT contract, Hercules is 
investigating the use of multiaxis tow 
placement technology to achieve low­
cost manufacturing of complex compos­
ite structural forms. 

Improved access to data is needed 
to promote efficient technology devel­
opment. Although there has been a 
great deal of R&D across the aerospace 
industry, there exists an inter- and intra­
company attitude of propriety regarding 
composites. The result is often duplica­
tion of effort and a proliferation of "point 
design" programs which have not pro­
vided the underlying science and tech­
nology needed for large-scale applica­
tions. To rectify this situation, compos­
ites technology must proceed through a 
maturation phase. The orderly develop­
ment of a generic knowledge base will 
enable significant improvements in air­
craft performance and reductions in 
manufacturing costs. 

Such research will support numer­
ous classes of aeronautical vehicles. 
The foundation laid to address the is­
sues of subsonic aircraft structure will 
serve as the basis for the technology 
and methodology necessary to support 
supersonic and transatmospheric ve­
hicles. Affordable aircraft structure is 
the ultimate goal and will be realized as 
the technology matures. 

NASA Leads The Way 
NASA has initiated a program which 

should become a model for composite 
materials technology development in the 
United States. The Advanced Compos­
ites Technology (ACT) program funds 
numerous research projects (see side­
bar) with the objective being to develop 
and demonstrate an integrated approach 
to cost-effective use of composite ma­
terials in aircraft primary structures. It 
stresses the development of a basic 
understanding of advanced composites, 
as opposed to earlier point design ef­
forts. 

Photo courtesy NASA 

A Langley engineer examines an advanced 
composites crippling specimen which 
failed during a compression test. 
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Ultrasonic C-scan shows impact damage in a graphite-epoxy laminate. 

Photo courtesy Stanford University 

The program philosophy centers on 
the creation of generic tools which can 
be applied to specific structures. Using 
the Boeing Company's portion of the 
ACT program as an example, the tech­
nology developed will be applied to­
wards large pressurized fuselage struc­
ture. The application, or verification, phase 
will result in an understanding of design 
manufacturing trades which are typi­
cally measured in terms of cost and 
weight. Structural mechanics and mate­
rial development will promote an under­
standing of the trade between analysis 
tool simplicity and accuracy. Data gen­
erated from the fabrication and test of 
full-scale components will result in tech­
nology verification. 

The ACT program emphasizes an 
integrated approach. At Boeing this in­
tegration is called a "Design-Build Team" 
(DBT); members of the materials, manu-

facturing, structural mechanics, and 
design communities work together to 
develop new designs. This differs from 
the traditional linear approach in which 
the design concept is generated, a ma­
terial is selected, the design is analyzed, 
and then it is turned over to a manufac­
turer to build. One common result of the 
linear approach is that manufacturing is 
left out until the end and must build the 
structure with a far less than optimum 
process in order to stay on schedule. 

The key to the DBT is communica­
tion. Members of the various disciplines 
can resolve potential problems at any 
time during the design development and 
find solutions faster than with the linear 
approach. While all design development 
revolves around cu~tomer and struc­
tural guidelines, the linear approach can 
make timely access to this information 
difficult for some participants. The DBT 

allows all team members to be aware of 
criteria and guidelines and their impact 
on the design development. 

Interactions between certain mem­
bers of the team will concentrate on 
specific issues. Failure mechanism stud­
ies, for example, must be directed by 
both the materials expert, who under­
stands the microscopic behavior, and 
the structures expert, who understands 
what it means to the mechanics of the 
material. Interaction between these two 
disciplines centers on development of a 
tie between material behavior and struc­
tural performance. The result is a set of 
verified analysis tools that accounts for 
basic material behavior. There is a trade 
involved as to how these tools are used 
during different design phases. Very 
accurate and complex tools such as de­
tailed finite-element models can be used 
to predict and certify part performance 
at the culmination of design efforts. These 
often require specialists to operate. The 
converse is a simple model such as a 
spreadsheet template which may be 
less accurate but can be used quickly 
during preliminary design work. Simple 
models are also inexpensive, which al­
lows them to be employed in an iterative 
manner to screen Illany potential de­
signs. One disadvantage is that the 
operator ofthe simple job must have the 
experience and judgement to know when 
the tool is not doing the job. 

ACT Contracts Aim At Technology Breakthroughs 
NASA has teamed with 14 major 

aerospace companies and universities 
nationwide to develop innovative struc­
tural concepts, materials, and fabrica­
tion techniques as part of the Advanced 
Composites Technology (ACT) program. 
Researchers are seeking technology 
breakthroughs that will allow structures 
made of epoxy-type resins and high­
strength carbon fiber to replace metal in 
the wings and bodies of future transport 
and fighter aircraft. "Our goals are to 
reduce structural weight by 40-50 per­
cent, acquisition cost by 20-25 percent, 
and the number of individual parts by 
half compared to current production 
aluminum aircraft," said John Davis, head 
of the Structures Technology Program 
Office at NASA's Langley Research 
Center, which manages the ACT pro­
gram . 

Langley has awarded contracts to 
Boeing, Lockheed, McDonnell Douglas, 
Northrop, Grumman, Sikorsky, and 
Hercules to explore new structural de­
sign concepts and cost-effective manu­
facturing techniques. Hercules, for ex-
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ample, is using a multiaxis tow place­
ment technique to build integrally-stiff­
ened fuselage panels. This technology 
involves the precise automated place­
ment and in-process consolidation of 
ribbonized prepreg tow. Material cut­
and-add "on the fly" offers high produc­
tion rate potential , enhances tailorabil­
ity, and minimizes scrap. 

Two contractors are developing novel 
materials: BASF is creating commingled 
yarns and powder-impregnated tows that 
can be used for braiding, 3D weaving, 
and other advanced textile processes, 
while the Dow Chemical Company is 
developing thermosetting resins with 
processing characteristics suitable for 
resin transfer molding . 

Langley has awarded contracts to 
several universities-including Delaware, 
Cal-Davis, Stanford , and Utah-to de­
velop new analytical models and analy­
sis techniques to better understand the 
failure behavior of laminates and woven 
material forms. Stanford researchers, 
for example, are developing a 3D finite­
element model to calculate stresses, 

strains, and displacements in a thermo­
plastic composite during impact based 
on Hertzian contact forces . The impact 
damage model for delamination size 
and location will be used as the basis for 
a model to predict residual compressive 
strength and stiffness. 

Further, Rockwell International is 
developing experimental techniques to 
characterize the initiation and growth of 
fatigue damage in woven and stitched 
composites. Based on the damage char­
acterization, a micromechanical model 
that includes mechanisms such as lo­
calized plasticity, microcracking, and fiber 
bridging will be created to predict fatigue 
behavior of new material architectures. 

Present contracts represent about 
60 percent of the ACT program. The 
balance of the work will be accomplished 
through in-house research at NASA's 
Langley and Lewis research centers 
and through additional contract awards. 
Solicitations for new concepts will be 
issued throughout the program, which is 
expected to extend through 1994. 0 
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SCHEMA III 
Still Only $495 

Speaks Your CAE Design System Language! 

Over 15,000 
engineers worldwide 

have chosen SCHEMA 

~J'LIST 
*SCHEMA-PCB 
*Calay 
*CadD.etix 
*CBDS 
* Computervision 
*dataCon 
*EDIF 
*Visionics 
* FutureNet 
*FutureNet Pin 
*Intergraph 
*P-CADPDIF 
*Raca1-R edac 
*PSpice 

schematic capture for their CAE 
design entry. Call for your FREE 
demo disk today to see why. 

*Telesis 
OUTPUTS 
*PostScript 
* TIFF 
*dBASE 
* LOTUS 
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*PCX 
*DXF ... & more! 1-800-553-9119 

FREE DEMO DISKS 
Free Customer Support 

OMATiON 30 Day Guarantee 

Circle Reader Action No. 338 

AnalogVME 
DATEL offers the broadest line of high·performance AID and 
D I A VME boards for data acquisition and control. One example 
is our Model 601 smart AID giving 12·bit accuracy at 300 KHz 
for applications such as FFf's or DSP. All units are ruggedized 
for industrial use with direct sensor I/O. 

Call (508) 339-3000 or write for DA TEL's new VME 
brochure. 

INNOVATION AND EXCELLENCE IN PREas ION DATA ACQUlsmoN 
DA TEL. Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (~) 33').3000 

Circle Reader Action No. 409 

Study efforts within the materials and structural mechanics 
disciplines concentrate on basic material properties, failure 
mechanisms, and constitutive laws development. This re­
search will be tied to efforts in the areas of stiffness and sta­
bility, strength assessment, damage tolerance, and durability. 

Design Tools 
The design and manufacturing disciplines typically inter­

face in a cost and weight trade. The designer, charged with 
concept development, needs the tools supplied by the struc­
tural mechanics and materials communities to perform effi­
cient trade studies. Their input allows design compromises to 
be made more efficiently. The point design approach does not 
offer this flexibility, as it is tied to past data bases and rigid rules 
of thumb. 

Manufacturing capabilites are identified by the manufactur­
ing representative through a technology assessment that 
includes tooling concepts, material placement equipment, and 
processing equipment. Fabrication technology has received 
much attention over the past few years , although few new 
production-ready concepts have been put in place. Assembly 
methods have received less attention, but additional gains 
appear possible. Composite structures usually can be manu­
factured with a lower part count than aluminum versions. 
Since a one-piece airplane is impractical from a maintenance 
standpoint, innovative and cost-effective joining technologies 
must be examined. 

Fabrication of test hardware and structural testing are 
required to validate technology advances. The goal is to 
integrate the developed tools through use of the DBT and 
enhance them as hardware verification allows. 

Ultimately, a set of common design practices will be estab­
lished that will be easily accessible to all DBT members. This 
data base will include design curves, computer programs, and 
numerous other tools. Integration of the base with CAD data 
is another goal. The key, however, is to provide the engineer 
with a comprehensive guide to composite development that is 
accurate, cost-effective, and easy to use. 0 

About The Authors 
Randy L. Coggeshall is a lead engineer on structural analysis 
of the Boeing 737 fuselage. He has worked 13 years with 
Boeing, 11 in composites, and has taught a course entitled 
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Structures Technology Group, which is responsible for analy­
sis of composite damage tolerance and environmental dura­
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A TCAS project. Mr. Smith has more than 26 years experience 
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W. Thomas Freeman is an aerospace engineer in the Struc­
tures Technology Program Office, Structural Mechanics Divi­
sion, at NASA 's Langley Research Center. He has worked 
nine years with NASA developing composite materials hard­
ware and manufacturing processes and serves as contract 
technical monitor for two of the ACT program contracts. 
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NewProduclldeas 
New Product Ideas are just a 
few of the many Innovations 
described in this Issue of NASA 
Tech Srlefs and having promising 
commercial applications. Each is 
discussed further on the 
referenced page in the appro· 

priate section in this Issue. If you 
are Interested in developing a 
product from these or other NASA 
Innovations, you can receive fur­
ther technical Information by re­
questing the TSP referenced at 
the end of the full· 

length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center (see 
page 16). NASA's patent-llcenslng 
program to encourage commer· 
cial development Is described on 
page 16. 

Perfusion Bioreactor Module 
A perfusion bioreactor module monitors 

and maintains a cell culture in a growth 
or maintenance medium under controlled 
conditions. This equipment can support the 

With ,111 
tff 

you get ... 

cultures of human or other fragile cells for 
experiments in basic cell biology or pro­
cess technology. 
(See page 113) 

... simultaneous X Windows capability within Microsoft Windows, 

... system responsiveness approaching expensive workstations, 

... graphic communications between MS-DOS and UNIX computers, 

... the freedom to switch displays to suit your application, and 

... full X11 Release 3 functional ity while retaining the use of your 
desktop 286 or 386 PC. 

Priced at $395 
To Order your copy, 
CALL (714) 978-6201 
FAX (714) 939-0746 

:::S--.. Integrated 
- __ -- Inference =-= :-= Machines 

X11/AT is a trademark of Integrated Inference Machines. Inc. 1468 E. Katelia Avenue Anaheim CA 92805. 
286 and 386 are trademarks of Intel Corporation. Microsoft is a trademark of Microsoft Corporation. 
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Porous-Floating-Gate 
Field-Effect Transistor 

A porous-floating-gate, "vertical " field­
effect transistor is proposed as a program­
mable analog memory device. The device 
is particularly suited for hardware imple­
mentations of massively parallel neural­
network architectures. 
(See page 18) 

Air-Velocity Sensor 
for Helicopter 

A new airspeed sensor has been con­
ceived for the accurate measurement of 
both the airspeed and the direction of flight 
of a helicopter. The direction of motion of 
the helicopter is displayed by the lighting 
of one of a series of lamps that encircle 
a digital display of the airspeed. 
(See page 39) 

Pressurized-Flat­
Interface Heat Exchanger 

A heat-exchanger interface enables the 
efficient transfer of heat between two work­
ing fluids without allowing the fluids to in­
termingle. A possible application is in chemi­
cal or pharmaceutical manufacturing when 
even trace contamination of the process 
stream with water or other coolant could 
ruin the product. It may also reduce costs 
when highly corrosive fluids must be cool­
ed or heated. 
(See page 68) 

GTO/FET Cascode 
Three-Terminal Switch 

A three-terminal semiconductor switch­
ing circuit features high switching speed, 
extremely high turnoff safe operating area, 
moderately low forward voltage drop, and 
efficient utilization of the silicon in the de­
sign of its components. The circuit requires 
no external bias power and contains 
neither inductors nor capacitors. 
(See page 18) 
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After centuries of practice, 
mankind perfects engineering 

calculations: MathCAD. 
Announcing MathCAD 2.5: 
The Dawn of a New Age. 

What the historians will call it, 
only time will tell. 

Perhaps the Century of Speed, or 
the Era of Ease. But whatever the 
name, this is the age of Math CAD 2.5, 
the only math package that looks 
and works the way you think. 

MllthCAD 2.S includes 3-D plotting, HPGL sltet.:h 
import, lind PonScript IlUtpUt. 

MathCAD is far and away the 
best-selling math package in the 
world. Because it lets you perform 
engineering and scientific calcula­
tions in a way that's faster, more 
natural and less error-prone than 
the way you're doing them now­
whether you're using a scratch pad, 
calculator, spreadsheet or program 
that you wrote yourself. 

And now there's MathCAD 2.5, 
a dramatically improved version 
that includes three-dimensional plot­
ting, enhanced numerical analysis, 
PostScript- printer support, and 
HPGL file import from popular 
CAD programs like AutoCAD.-

And like before, MathCAD's live 
document interface'" lets you enter 
equations anywhere on the screen, 
add text to support your work, and 
graph the results. Then print your 

I 
~ o 

tNG\W~~ 
f't~ 

analysis in pre­
sentation-quality 
documents. 

It has over UO 
commonly used 
functions built 

UNIX 
versIon now 

available. 

right in, for handling 
equations and formulas, as well as 
exponentials, differentials, cubic 
splines, FFTs and matrices. 

No matter what kind of math you 
do, MathCAD 2.5 has a solution 
for you. In fact, it's used by over 
90,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 

biologists and economists. r-;~~~ 
But don't take our word 

for it; just ask the experts. 
PC Magazine recently 
described MathCAD as 
"everything you have ever 
dreamed ofin a mathemat­
ical toolbox." 

And for Macintosh-

MarchI., 
1989 i5sue. 

Bestof'88 
Bestof'87 

users, we present MathCAD, 
rewritten to take full advantage of 
the Macintosh interface. Entering 
operators and Greek letters into 
equations is pure simplicity! 

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call. For more information, a free 
demo disk, or upgrade information, 
diall-800-MATHCAD (in MA, 
617-577-1017) . 

Available for ffiM- compatibles 
and Macintosh computers. 
Call for UNIX platform availability. 
TM and ® signify manufactu~r's trademark or 
manufactu~r's registe~d trademark respectively. 

MatheA 
MathSoft, Inc. 201 Broadway, Cambridge, MA 02139 
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U.K.: Adept Scientific 0462-480055; France: ISE CEGOS 1-46092768; Germany: Softline 07802-4036; Japan: eRC 03-665-9762; Finland: Zc:nex Oy 90-6927677 PE 
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FROM IASA's 
TECHIOlOOY 
UTllllADOI 
SERVICES 

.... ...,,.--_ '""T' ............ ,~!f"'..,,·"""'<=T-vrT""<7n-o'ncr .;> , 111t::IT yuu re cureaoy 
making use one of the low- and no-cost services provided by 
NASA's Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applicationslengineering services offered by 
the 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. 

We've outlined below NASA's TU Network-named the 
participants, described their services, and listed the individuals 
you can contact for more information relating to your specific 
needs. We encourage you to make use of the information, 
access, and appl ications services offered by NASA's 
Technology 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. 

y ou can contact NASA's network of Industrial Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
information needs. The " user friendly" lACs 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 lACs located throughout the nation. The lACs also offer technical consultation services andlor linkage with other experts 
in the field . You can obtain more Information about these services by calling orwriting the nearest lAC. User fees are charged for lAC information services. 

Aerospace Research 
Applications 
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 INA SA (CIAC) 
Rural Enterprises, Inc. 
P.O. Box 1335 
Durant, OK 74702 
Dr. DIckie Deel, Director 
(405) 924·5094 
(800) 658-2823 (toll-free US) 
Science and Technology 
Research Center (STRC) 
Post Office Box 12235 

Research Triangle Park, 
NC 27709-2.235 
H.L. (Lynn) Reese, Director 
(919) 549-0671 
NASA Industrial Applications 
Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh , PA 15260 
Robert G. Konecny, 
Acting Director 
(412) 648-7000 
Southern Technology 
Applications Center (STAC) 
Box 24 
Progress Ctr., One Progress Blvd. 
Alachua, FL 32615 
J. Ronald Thornton, Director 
(904) 462 -3913 
(SOO) 354-4832 (FL only) 
(800) 225-0308 (toll-free US) 

NASA/UK Technology 
Applications Program 
University of Kentucky 
109 Kinkead Hall 
Lexington, KY 40506-0057 
William R. Strong, Director 
(606) 257-6322 
NERAC, Inc. 
One Technology Drive 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 
Technology Application Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 

NASA Indust rial Applications 
Center 
University of Southern California 
Research Annex 
3716 South Hope Street 
Los Angeles, CA 90007-4344 
Robert Stark, Director 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 
NASA/SU Industr ial Applications 
Center 
Southern University Department 
of Computer Science 
P_ O. Box 9737 
Baton Rouge, LA 70813-9737 
Dr. John Hubbell, Director 
(504) 771 -6272 
(504) 771-4950 

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. DorIs Rouse, Director, (919) 541·6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
It you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). lf 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. 
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Ames Research Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 604-4044 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200-11 
Moffett Field, CA 94035 
(415) 604-5104 
Lewis Research Center 
Technology Utilization 
Officer: Anthony F. 
Ratajczak 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland,OH 44135 
(216) 433 -2225 
Patent Counsel: 
Gene E. Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland, OH 44135 
216 433-5753 

John C. Stennis 
Space Center 
Technology UtilIzation 
Officer: RIchard A. 
Galle (acting) 
Code HA-32 
Stennis Space Center, 
MS 39529 
(601) 688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT-PMO-A 
Kennedy Space 
Center, FL 32899 
(407) 867-3017 
Patent Counsel: 
James O. Harrell 
Mall Code PT-PAT 
Kennedy Space 
Center, FL 32899 
(407) 867-2544 

Langley Research Ctr. 
Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton, VA 23665 
(S04) 864-2484 
Patent Counsel: 
George F. Helfrich 
Mail Code 279 
Hampton, VA 23665 
(S04) 864-3523 
Goddard Space Flight 
Center 
Technology Utilization 
Officer: Donald S_ 
Friedman 
Mail Code 702.1 
Greenbelt, MD 20771 
(301) 286-6242 
Patent Counsel: 
R. Dennis Marchant 
Mail Code 204 
Greenbelt, MD 20771 
(301) 286-7351 

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 announc­
ed 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) 
542-3265 

Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S. 
Chapman 
Mail Stop 1SO-S01 
4S00 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-4849 
Patent Counsel: 
Paul F. McCaul 
Mail Code 1SO-S01 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2734 
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 AT01 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-2223 
Fax (205) 544-3151 
Patent Counsel: 
Bill Sheehan 
Mail Code CC01 
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) 483-3S09 
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 
(202) 453-8377 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453-2424 

If You Have a Question _ . _ NASA Scientific & Technlcallnfor· 
matlon Facilit y can answer questions about NASA's Technology 
Utilization Network and its services and documents. The STI staff sup­
plies documents and provides referrals. Call , write or use the feedback 
card in this issue to contact : NASA Scientific and Technlcat Informa­
t ion Facility, Technology Utilization Office, P.O_ Box 8757, Baltimore, 
MD 21240-0757. WalterM. Heiland, Manager, (301) 859-5300, Ext. 242, 
243 
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Call In The Team From Panasonic. 
When it comes to industrial video, anyone can deliver a box. But 
when your reqUirements call for a video solution, turn to the 
problem solvers at Panasonic. 

Panasonic has a proven line of professional/industrial video 
products that can be utilized for everything from standard to 
specialized applications. 
Security/Surveillance-Panasonic delivers one of the industry's 
most extensive selections of innovative, high performance, UL 
listed CCTV products and systems. From multipurpose CCD 
color microcameras to 400-line resolution time-lapse recorders. 
Training-Panasonic offers an assortment of presentation products 
from integrated VCR/monitors to large screen multiscan video/ 
data projectors capable of 1,100 line RGB horizontal resolution. 
Documentation-Panasonic covers your ENG/EFP video acqui­
sition requirements with modular camera systems, rugged 

camcorder packages, VCR dockable 2 and 3 CCD color cameras, 
plus the industry's largest selection of industrial S-VHS and 
VHS recorders. 
Scientific-Panasonic manufactures a broad range of products 
for special applications, including lightweight cameras designed 
to interface with microscopes and non-destructive probes, as well 
as cameras and VCRs that assist in high-speed motion analysis 
of human and mechanical performance. 
Servicing Dealers Coast To Coast-Panasonic has a national 
network of trained industrial video dealers who are sensitive to 
your everyday requirements. They are a key part of the Panasonic 
professional service organization, providing replacement parts, 
equipment training and technical support. 

When it comes to industrial video, don't just settle for a box. 
Call in the team from Panasonic. 

Panasonic 
AudioNideo Systems Group 

For more information contact your local Panasonic Industrial Video Dealer. Federal Government Agencies: For your copy of the Authorized Communications 
Schedule Price Ust call or write the Government Marketing Department, Panasonic AVSG, 52 West Gude Drive, Rockville, Maryland 20850. 301n 38-3840. 
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~I 
Electronic Components and Circuns 
Hardware, Techniques, 24 GaAIAs Traveling-Wave 32 High-Voltage Digital-to-
and Processes Electro-optical Modulators Analog Converter 
18 GTO/FET Cascode 26 Tunable Quantum-Well 32 Small, Lightweight 

Three-Terminal Switch Submillimeter-Wave Welding-Current Indicator 
18 Porous-Floating-Gate Oscillators 33 Multiple-Dynode-Layer 

Field-Effect Transistor 28 Circuit Regulates Speed Microchannel Plate 
24 Switching X-Ray Tubes of dc Motor 34 Spectroscopic Analysis of 

Remotely 30 AlAs Diffusion/Schottky Insulating Crystal Fibers 
Barrier on GaAs 

~ GTO/FET Cascode Three-Terminal Switch 
Neither external bias nor energy-storage components are required. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A three-terminal semiconductor switch­

ing circuit features high switching speed, 
extremely high turnoff safe operating area 
(an area in the current-vs-voltage plane), 
moderately low forward ("on"-state) volt­
age drop, and efficient utilization of the sili­
con in the design of its components. The 
circuit requires no external bias power and 
contains neither inductors nor capacitors. 
It is suitable for both hybrid packaging and 
monolithic integration. 

The circuit (see figure) includes a gate­
turn-off thyristor (GTO) and a low-voltage 
(Iow-on-resistance) field-effect transistor 
(FET-1) connected in series to form a cas­
code pair. The GTO is turned on via a sec­
ond field-effect transistor (FET-2) connect­
ed between the anode (A) and gate ports of 
the GTO. Both FET's have gates common­
ly connected to form a single control ter­
minal (G). Finally, a Zener diode (Dz) is con­
nected between the gate of the GTO and 
the source terminal (K) of FET-1 to provide 
a path for transient negative gate current 
during turnoff. 

When terminal G is made sufficiently 
positive with respect to terminal K (e.g., 
+ 10 V), both FET-1 and FET-2 are made 
conductive. The turning on of FET-2 in turn 
provides a conductive path from terminal A 
to the gate of the GTO, thus turning the 
GTO on. Once the GTO is turned on com­
pletely, the current through FET-2 is rela­
tively small because the voltage between 
the anode and the gate of the GTO is then 
small and the "on" resistance of FET-2 is 

A 

G 

K 

The GTO/FET Cascode Three-Terminal 
Switch can be made of commercially avail­
able, discrete components, as a hybrid cir­
cuit package or as a monolithic integrated 
circuit. 

relatively large. 
When the voltage on terminal G is re­

duced sufficiently with respect to terminal 
K (e.g., 0 V), both FET-1 and FET-2 become 
nonconductive. When this happens, the 
path for current within the GTO is switched 
from anodelcathode to anode/gate. This, in 
turn, forces minority carriers out of the 
lower base and establishes a turnoff 
mechanism that is independent of Miller 
capacitance. This further results in a fast, 

~ Porous-Floating-Gate Field-Effect Transistor 

high-safe-operating-area turnoff of the 
GTO. Results of tests indicate that this 
mode of turnoff includes a voltage equal to 
the peak off-state blocking voltage and a 
current density of up to 800 AJcm~ The 
safe-operating-area current density is a 
function of the rate of change of current at 
turnoff; as the rate of change of cathode 
current is increased in magnitude, the 
safe-operating-area current density in­
creases. 

One of the reasons for the efficient utili­
zation of silicon is that FET-1 experiences 
very low voltages (typically less than 10 V 
peak, assuming "tight" packaging). This 
means that available FET's rated at the 
lowest voltages will suffice. This, in turn, 
means that both low "on" resistance and 
low cost can be achieved simultaneously. 
Another reason is that FET-2 can be small 
because the GTO provides substantial turn­
on gain, and turn-on current flows onlydur­
ing small duty cycles. Finally, Dz can be re­
latively small because low voltage (e.g., 3 
V) and low duty cycles (typically less than 1 
percent at 20 kHz) are involved. 

This work was done by Wally E. Rippel of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 125 
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 16]. Refer to 
NPO-17865. 

A new electrically erasable, programmable, analog memory element is proposed. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A porous-floatingi;jate, "vertical" field­

effect transistor is proposed as a program­
mable analog memory device that is espe­
Cially suitable for use in electronic neural 
networks. Analog value of the electrical 
conductance of the device would repre­
sent a synaptic weight (strength of a synap-

18 

tic connection) that could be repeatedly 
modified by application of a suitable writing 
or erasing voltage. 

The device is particularly suited for hard­
ware implementations of massively parallel 
neural-network architectures for two impor­
tant reasoos. First, contrary to the conven-

tional three-electrode device configurations 
of the field-€ffect transistors, the proposed 
vertical transistor structure requires only two 
extemal electrodes (terminals). This feature 
WOJId resu~ in a Sl.JOOtantial reduction in the 
hardware COI11p1exity in implementing large, 
high-density arrarys of such analog synap-
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Nicolet 400. 

The only DSO with an 
expandable 64K-256K 
per channel memory. 

Sometimes, it doesn't matter what kind of triggering you have. 

If your DSO's memory capacity proves inadequate, missing that rare event becomes a virtual 
certainty. And that could prove costly. 

This is precisely why we designed the high precision Nicolet 400 DSO Series with expandable 
64K-256K memory per channel. (That's 5 to 10 times more than the nearest competition.) And an 
optional 44MB removable hard disk, also only from Nicolet: to make sure the 400 you buy doesn't 
draw a blank when you might need it most. 

With seven different models and over 200 configurations, you're able to choose the number of 
channels, memory, speed and resolution right for you. Each 400 features a LEARN mode to help 
automate test sequences, along with FFT and averaging for complete waveform processing. Even 
an optional dual timebase, or powerful Nicolet-Windows TN PC software for instant remote control. 

So learn more about the 400 soon. Send for details now, or call 1-800-356-3090. 

Nicolet Test Instruments Division 

5225 Verona Road, Madison, WI 53711-4495 
6081273-5008 or 800/356-3090 

Nicolet 
INSTRUMENTS Of DISCOVERY 
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tic-memory elements in cross-bar matrix 
designs for neural networks. Second, the 
use of tailored amorphous semiconduc­
tors (e.g., hydrogenated amorphous sili­
con, a-Si:H) provides a choice of a very 
wide range of \ow conductMty values, dic­
tated by the overall power dissipation re­
quirements in the massively parallel neur­
al-netWC'rk circuits. 

The active portion of each transistor 
(see figure) lies within the volume defined 
by the crossing of rON and column conduc­
tors (metallic thin-film wires) of a large mao 
trix of synaptic memory elements. One of 
these conductors constitutes the source 
electrode, while the other acts as a drain 
electrode. The electrodes are separated 
by a layer of a resistivity-tailored amor­
phous semiconductor (e.g., a-Si:H). The 
porous "floating" gate is formed within the 
amorphous semiconductor layer by em· 
bedded insulated metallic particles (e.g., 
magnesium oxide covered magnesium 
particles) close to the source electrode. 

Typically, the amorphous semiconduc­
tor layer would be deposited by plasma-en· 
hanced chemical vapor deposition, or 
magnetron sputter-ooposition techniques, 
on top of the first set of parallel metallic 
electrodes, patterned on a suitable sub­
strate (e.g., an oxide-coated silicon wafer). 
The incorporation of the insulated metallic 
islands in the semiconducting layer would 
be accomplished by first depositing a thin 
insulating layer over the source electrodes. 
This is followed by depositing a discontinu­
ous layer of the selected metal on top of 
the first set of electrodes and growing an 
oxide over the metal islands prior to em­
bedding them in the semiconductor layer. 
The deposition and patterning of the sec· 
ond set of perpendicular metallic elec­
trodes on top of the semiconducting layer 
would complete the device structure. 

The insulated metallic particles would 
therefore constitute the porous floating 
gate. Because the thin insulating layers in 
contact with the source would be quantum­
mechanical·tunneling barriers, they would 
have nonlinear conductances. With the ap­
plication of a sufficient voltage (the writing 
or erasing voltage) between the source 
and the drain electrodes, electrons would 
tunnel through the barriers, charging or 
discharging the metallic islands. As in con· 
ventional floating gate devices, the gate is­
lands retain their charges or remain dis­
charged once the writing or erasing voltage 
is removed. 

The charge retentivity in such a device 
would of course depend on the quality of 
the dielectric layer as well as on the nature 
and characteristics of the metal-insulator 
interface. The floating gate, made up of 
several random disjointed islands, could al­
ternatively be formed by more exotic and 
accurate lithographic techniques (e.g., elec­
tron-beam lithography). However, it is not 
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Insulated Metallic Particles on the source electrode would constitute a porous floating gate. 
The particles would be charged or discharged by quantum·mechanical tunneling during the 
application of writing or erasing voltages. 

necessary to arrange the islands in any 
specific geometrical fashion with close tol· 
erance, since even if some of the islands 
(particles) were to "short" themselves with 
the source electrode, the charge re­
tentivity of the overall porous gate would 
not be significantly affected. 

The overall conductance of the vertical 
"channel" regions between the metallic 
islands would be affected by the charges 
stored at the islands. This conductance, 
representing the content of the memory 
element or effectively the synaptic weight, 
would be continuously variable because 
the charge could be varied continuously by 
controlling the polarity, amplitude, and dur­
ation of the write and erase pulses. The 
conductance would be sensed (the analog 
content of the memory element would be 
read) by applying a read voltage that is suf­
ficient to generate a measurable current 
but much lower than the write or the erase 

voltage, so that the read voltage has a neg· 
ligible effect on the stored charges and the 
analog memory. 

This work was done by Anilkumar P 
Thakoor, Alexander W Moopenn, and John 
J. Lambe of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Orcle 131 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 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305·6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO·17532, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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InfraIlletrics infrared iInaging: 
to see, to quantify, to understand. 

hether you're looking for 
pressure leaks in an aircraft 

fuselage or fluid ingress in the 
flaps; electrical system hot spots or excessive bear­

ing friction; delamination in composite struc­
___ '.Ul ,~;:, or shorts in a multilayer printed circuit 

board ... the infrared diagnostic technology 
of Inframetrics systems will quickly give 

you the answers you need. 

Our concentration on practical infrared 
imaging and temperature measurement -
the delivery of useful results, under 

real-world conditions, at reasonable 
prices - has made us a leader in infrared 

imaging radiometers, and producers of 
the widest variety of thermal imaging 
instruments in the world. 

A comp/ece system, cart-mounced, with optional VCR 
and Polaroid hard copy system, goes anywhere. 

ThermaGRAM Is 8 registered trademark of 
Thermoteknix Systems Ltd., Cambridge. England 

Model 600 on the lab 
bench .. . stalwart of 
sophisticated radi­
ometers. 

Model 600 prlYl!ides spot temperatures of 
components on PC board. Line scan profil­
ing, isotherm contouring and area measure­
ment are all standard, without computer 
interface. 

TV-compatible, compact and field­
portable, Inframetrics Imaging Radi­
ometers and Thermal Imagers provide 
real time imagery with excellent picture 
quality for the highest total performance 

commercially available today. Combine these capabilities 
with the most versatile image-processing system in the 
market; ThermaGRAM® performs histogram analysis, 
time vs. temperature studies, real time image analysis, 
and countless other functions. 

Just consider the possibilities. 

Inframetrics systems adapt to a wide variety of applica­
tions, including R&D, nondestructive testing, electronic 
diagnosis, quality control, facilities maintenance and 
medicine. 

• 
I 

Model 445 high resolution thermal 
imager shows delamination in a com­
posite panel. Ideal for qualitative 
analysis, nondestructive testing, 
security systems, more. 

Inframetrics systems open the door to another engi­
neering perspective on your problems. To learn 
more, tell us your application . 

• 
"r·.~ln[l 'E\t=r"li~:!:i Thelntr.,ed Spect.U ... 

16 Esquire Rd. , No. Billerica MA 01862-2598 Offices worldwide 
TEL 508-670-5555 • FAX 508-667-2702 • TWX 710-326-0659 
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Technology so 
advanced it will 
changethe 
evolution of flight. 

Superior Flight Speeds. For the high speed 

demanded of the next generation of aircraft, 

we now offer proprietary thermoplastic/ 

carbon fiber prepreg systems that can with­

stand operating temperatures of over 300°F. 

These thermoplastic composite systems offer 

design advantages essential for aircraft that 

can fly higher, faster and with more fuel effi­

ciency than ever before. 

Revolutionary Toughness. These new ther­

moplastic prepregs, based on polyarylsulfone, 

polyamide-imide or polysulfone systems, are 

among the most damage-tolerant composites 

available. They provide exceptional impact 

resistance, stiffness and strength as well as 

high temperature resistance. 

Processing Breakthroughs. Not only do 

these materials offer rapid processability, they 

offer the evolutionary advantages of 

reformability, usable scrap, fusible parts and 

patchable damage repair. Spot heat of 600°F 

can be used to make them flow or reflow as 

necessary. They will consolidate over a form. 

They are available in woven fabrics up to 60" 

or more, and as biaxial tapes up to I 0' in width. 
\ 

Shelf life of these new materials is indefinite. 

Historic Leadership. From the pioneering 

years to today's cutting edge, Amoco's R&D 

has been on the forefront of thermoplastic 

composite technology. We offer one of the 

broadest product lines available with operat­

ing temperature ranges from 200°F to 350°F 

and beyond. 

Call us. Ask us questions. The earlier you 

involve us, the more we can help. You can 

reach Amoco Performance Products Cus­

tomer Service at 1-800-222-2448. 

We can help you take flight into the future. 

THE ALL AMERICAN SOLUTION 

I, 
aT .. 
AMOCO 
~I. 

Amoco Performance Products 
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Switching X-Ray Tubes Remotely 
A convenient switch and relay circuit reduce the risk of accidents. 

Marshall Space Flight Center, Alabama 

A proposed switching circuit for an x·ray 
inspection system would enable an opera­
tor to change electrical connections to 
x-ray tubes remotely. Without the switching 
circuit, the operator has to climb to an 
equipment shelf 9 ft (3 m) above the shop 
floor to change low-voltage cables and 
coolant lines during a switch between 
16O-kVand 32D-kV x-ray tubes. With the cir­
cuit, the operator would simply change the 
position of a switch (see Figure 1). 

The switch would be mounted in a se­
lector box about 4 ft (1.2 m) above the floor. 
There would be no need to climb a lad­
der - and perhaps fall from it - while 
changing connections. 

A cable would connect the selector box 
to a changeover box on the equipment 
shelf. Relay switches in the changeover 
box would make the necessary powerline 
connections to provide -160 kVand water 
coolant for the lower-voltage tube and both 

Changeover 
Box 

Figure 1. An Operator Would Simply Flip a Switch on the 
conveniently·located selector box to change x-ray heads. Indi ­
cator lights on the selector box would show whether the 160 
or 320· kV head is connected. Relays in the changeover box 
would provide the proper voltages and coolants . 

Figure 2. Relays in the Changeover Box would switch the low 
(powerline) voltages to the high-voltage generators and cooling 
units. Ind icator lights on the selector box would show whether 
the 160- or the 320-kV x-ray tube is connected . 

-160 and +160 kVand oil coolant for the 
higher-voltage tube (see Rgure 2). The 
chance of making the wrong connections 
and thereby damaging the equipment - a 
real possibility with a manual change­
over - would be eliminated. 

This work was done by Ronald V 
Bulthuis of Rockwellinternationai OJrp. for 
Marshall Space Right Center. For fur­
ther information, Orcle 27 on the TSP Re­
quest Card. MFS-29357 
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!J GaAIAs Traveling-Wave Electro-optical Modulators 
Microwave signals modulate optical Signals in a unit integrable with GaAs and GaAIAs devices. 

Lewis Research Center, Cleveland, Ohio 
Experimental GaAIAs electro-optical 

modulators have been designed and built 
for operation at a wavelength of 0.82 J4Tl. 
Unlike UNb03 devices, these modulators 
are expected to be easily integrable with 
GaAs monolithic microwave integrated cir­
cuits. Unlike modulators of pure GaAs, 
these modulators do not exhibit the ex­
cessive absorption at 0.82 J4Tl that would 
prevent the use of them with GaAslGa./lJAs 
laser diodes. 

Each modulator is configured as an opti­
cal-waveguide Mach-Zehnder interferom­
eter. Microwave modulation is applied to 
two arms of the interferometer via travel-

24 

ing-waVe electrodes that constitute a co­
planar waveguide (see upper part of fig­
ure). Because the characteristic impedance 
of the waveguide is 50 Q - a standard 
value - no impedance-matching network 
is required. 

The modulator is fabricated on a GaAs 
substrate. The problem posed by the ab­
sorption of 0.82-J4Tl light in pure GaAs is 
solved by adding more than 10 percent of 
aluminum to three layers of the modulator. 
This forms Ga./lJAs, which shifts the ab­
sorption edge of the compound semicon­
ductor to a shorter wavelength. As a result, 
all three GaAIAs layers are transparent at 

0.8214Tl. The effect of the aluminum on the 
electro-optical response is believed to be 
insignificant. 

The optical waveguides have the strip­
loaded ridge structure shown in the lower 
part of the figure. Three layers of Ga./lJAs 
with differing aluminum concentrations 
were grown over a semi-insulating sub­
strate. The upper layer was etched to form 
the loading ridge, but the optical signal 
propagates in the middle layer. This config­
uration concentrates the light away from 
the etched edges of the loading ridge, 
reducing the intensity of light scattered by 
the edges and thereby reducing the propa-

NASA Tech Briefs, July 1990 



That's why the IC/Discrete Parameter 
Database is on CD-ROM! 

Now do component research a new way. Software 
for your IBM® AT® compatible and a database on 
CD-ROM provide fingertip access to over 1.1 mil­
lion ICs and discrete semiconductors from 1,100 
manufacturers. 

• Search for active and discontinued devices, com­
mercial and mil/high reI. 

• Locate devices by component characteristic, IC 
generic number, manufacturer part number, 
Mil/883 part number, Mil slash sheet number, 
NS or DESC drawing number. 

• Access over 272,000 manufacturers ' datasheets 
and 19,000 Mil spec/QPL 38510 and 19500 slash 
sheets. El'act images of the hardcopy version! 
And, all the text, application notes, mechanical 
data, outline drawings, packaging and ordering 
information can be printed in seconds. 

All the critical information you need at the flip of 
a switch! 

The results? Time saving searching-and time 
is money. 
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gation losses. To prevent additional losses, 
the first layer above the semi-insulating 
GaAs is made thick enough to prevent the 
extension of the signal into the substrate, 
where it would otherwise be absorbed by 
theGaAs. 

The dimensions and placement of the 
metal electrodes are chosen in combina­
tion with the dielectric properties of the 
GaAs substrate to provide the required 
modulating microwave field and the char­
acteristic impedance of 50 Q . Because 
there is no doping, the substrate and the 
three GaAlAs layers are semi-insulating, 
there is no significant ohmic or rectifying 
behavior in the waveguides, and all the 

Intenalty·Modulated 
0.82.,." light Out 

MODULATOR 

layers can be considered to be dielectrics. 
The Ga 1-xA'xAs layers were grO'Nll on 

the GaAs, substrate by molecular-beam 
eptaxy. The structures on the surface were 
formed tty standard pOOtolithogr~ using a 
mask generated by an electron beam. The 
wave-guiding ridges were defined by wet 
chemical etching to a height of about 1,400 
A. The electrodes were made by lift-off 
techniques, using metals evaporated by an 
electron beam. 

Modulators performed as intended in 
tests with light from a GaAlAs diode. Oi­
rect-current measurements showed that 
the turn-off voltage of a modulator is about 
30 V Theoretical calculations indicate a 

Modulating 

3-dB bandwidth-length product of 11.95 
GHz for 1QO.percent modulation depth. 

This work was done by Kul B. Bhasin of 
lewis Research Center and Christopher 
M. Chorey and A1tan Ferendecl of Case 
Western Reserve Unlversfty. Further infor­
mation may be found In NASA TM-1CXE70 
[N88-28240), "A High Frequency GaAJAs 
Traveling Wave Electro-optlc Modulator at 
0.82 J4T1 ." 

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 (BOO) 33&4700. LEW-14866 

SEcnONA·A 

Integrated Optical and Microwave Waveguides in elect ro·opt ical materials constitute a travel ing-wave electro·opt ical modulator in 
the configuration of a Mach·Zehnder interferometer. 

~Tunable Quantum-Well Submillimeter-Wave Oscillators 
Frequencies would be adjusted via applied voltages. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Tunable (Al/Ga)As electronic devices of 

the proposed type would oscillate at fre­
quencies from 300 to 3,000 GHz. Hereto­
fore, it has been necessary to operate 
relatively inefficiently in that frequency 
range by generating harmonics from de­
vices that oscillate at lower frequencies; 
and, to obtain higher powers, it has been 
necessary to use arrays of such harmonic 
generators. The new device concept offers 
the potential to make relatively compact, 
efficient local oscillators for heterodyne 
mixers in submillimeter radar and imaging 
systems, nondestructive testing, diagnosis 
of plasmas, airborne spectroscopy of the at­
mosphere, detection of weapons and other 
contraband, and communications. 

A representative device would have the 
layered structure shown in Figure 1. The 
layers could be deposited by molecular­
beam epitaxy, with appropriate grading of 
the AI composition of (Al/Ga)As to produce 
the energy-band structure with two partial­
Iy-exponentially-shaped quantum wells illu­
strated in Figure 2. Near the bottom of 
each well, electron-energy levels would be 
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Figure 1. The Tunable Submllllmeter·Wave Generator would be a layered (AI/Ga)As device. 

like those of the well-knO'Nll harmonic os- celerated to higher quantum levels above 
cillator, separated by an interval (the pro the bottoms of the wells, then return to 
ton energy) proportional to the square root lower levels, emitting monochromatic radi-
of the curvature of the well at the bottom. at ion at the energies of the transitions be-

An electron current would be introduced tween levels. The particular shape of the 
along the wells (parallel to the layers) from wells shown In Figure 2 Is chosen so that 
the source contact. Electrons would be ac- the locations of the bottoms of the wells 
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beamforming, neural networking, 
speech recognition, synthetic aper­
ture radar -and it'll handle the prob­
lem with speed and ease. 

The DSP3 delivers 1 gigaflop per 
cubic foot of active area (up to 3.2 
gigaflops in a single array). With an 
advanced package that gives you 800 
megaflops in only 9 cubic inches. 

Speed? 40 megabytes/second 
on each of four channels for an 
aggregate bandwidth of up to 160 
megabytes/second. 

Capacity is also maximized. Using a 

25 megaflop processing engine, the 
DSP3 can handle multi-gigaflop com­
putationalloads in a network configu­

ration of over 100 
processors. The 

powerful processing with the denSity 
you need, look to the AT&T DSP3. It 
can cut your algorithm problems 
down to size. For more information, 

DSP3 also gives 
you extreme 
flexibility: it can 
be populated 
with one to 

We've got solutions 
do\vn to a science. 

call your 
AT&T 
Federal 
Systems 
Account 

eight boards, each with 16 
processing nodes, providing 
400 megaflops of power and four 
megabytes of memory. 

AT&Ts DSP3 gives you access to 
high-level language software such as a 
C compiler and a wide library of sig­
nal processing subroutines. And it 
leads the industry in price per 
megaflop. Plus, of course, you get the 
unparalleled support and service of 
AT&T Bell Laboratories and AT&T Field 
Applications Engineers. 

So, for realtime parallel processing, 

Execu­
tive, or 1800 553-8805. (N.C. residents, 
call collect: 919 697-9580.) 
'IkYe1oped In pan under' OWl\.spoosored oontr.lCl 

ATSaT 
The right choice. 
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~~ Circuit Regulates Speed of dc Motor 

and the curvatures of the wells at those 
locations depend on the electric field. 
Thus, a change in the electric field 'NOUld 
change the photon energy; that is, the fre­
quencyof the output could be tuned by ad­
justing the electric field. 

To generate the frequency-controlling 
electric field, the voltage - Vg would be ap­
plied between the common gate/drain con­
tact and the ground (substrate) terminal. 
The voltage - Vg - Vs would be applied at 
the source contact to inject electrons into 
the wells. 

The radiation would travel outward 
along the planes of the quantum wells (per­
pendicu�ar to the plane of FlQure 1). The 
radiation could be collected or focused 
with conventional quasi-optica( antennas 
or reflectors. If the device were placed in a 
cavity with appropriate reflectors and if 
there were sufficient gain through stimu­
lated emission, the device might act as a 
laser that could be tuned through numer­
ous cavity modes over a wide spectral 
range. 

This concept was prO(XJSed by Joseph 
Ma~rjian of Caltech and Arthur C. Gossard 
of the UniversitY of California for NASA's 
Jet Propulsion Laboratory. For further 
information, Qre/e 143 on the TSP Request 
Card. 
NPO-17754 

Figure 2. The Energy-Band Structure of 
the device of Figure 1 could include two 
(or more) quantum wells that could be ad­
justed via the applied electric field to ad­
just the frequency of radiation emitted by 
excited electrons. 

Two nested feedback loops maintain speed within 1 percent of a constant value. 

Lyndon B. Johnson Space Center, Houston, Texas 
A driving circuH regulates the speed of a 

small de permanent-magnet motor in a 
tape recorder. The circuit (see FlQure 1), in­
tended for use where the motor is not 
equipped with a tachometer and more-ela­
borate speed-controlling measures are not 
justified, maintains the speed of the motor 
within 1 percent of a constant value. 

As shown in more detail in Figure 2, ana­
log circuHs in feedback loops 1 and 2 cal­
culate the speed of the motor and com­
pare it with the desired speed.to ootain the 
speed error. The error signal is then used to 

Figure 1. Two Nested Feedback Loops 
regulate the speed of a motor. The inner 
loop provides coarse regulation, while the 
outer loop removes most of the variation 
in speed that remains in the presence of 
regulation by the inner loop. 
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Error Signal 
= Measured Speed 
- Desired Speed 
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If youre wondering how fast 
a data recorder can be, 

let us bring you up to speed. 

Just how fost is fost? It's 0 concept 
thot can chonge rather qUickly. But in the 
field of doto recording, the definition of fost 
is the Sony DIR-lOOO high density digitol 
doto recorder. 

Because its revolutionory, com poet 
design utilizes the ANSI 10-1 rotory heod 
recording formot, the DIR-lOOO can tronsfer 
on enormous omount of informotion in 0 

surprisingly short time. 
It can olso record ond ploy bock doto 

With a top speed 
of 256 Mbits lsec., 

the Sony DlR-lOOO 
breaks new ground in 

the field of data recording. 

The Sony DlR-l000 utilites standard 
19mm digital tape cassettes 

available in either small, 
medium or large. 

ot six distinct speeds. Ronging from 10.7 
to 0 blindingly fost 256 Mbits per second. 
Which meons the DIR-lOOO con offer time 
bosed exponsion or controction. With 0 cor­
rected bit error rate of 1 x 10-10 

The DIR-lOOO con record on smoll, me­
dium or lorge cossettes. And because of its 
high density recording formot, it con record 
up to 770 Gbits per lorge cossette. 

Best of oil, the DIR-lOOO is 0 Sony. 
Designed ond built from the ground up by on 

Sony's single cassette is an easy, cost­
efficient way co score 100 G.Bytes of data. 

ocknowledged leoder in digitol technology. 
To leorn more obout the DIR-1000, just 

coIl1-800-328-S0NY. 
After oil, with the DIR-lOOO's top speed 

of 256 Mbits per second, you won't be sur­
prised ot how fost it mokes Sony 0 leoder in 
the field of doto recording . 

SONY. 
Sony Com""" .. !,,,,,, P!oducll (,,"pony, 1600 ~ Mill RoOO, Teofll(k, HJ 07666 IS) 1'190 Sony COIpolQlion of AmelKO Sony. 0 regisleled iIodefoorl: of Sony. DATA RECORDING 

Circle Reader Action No. 580 



adjust the current fed to the motor. In loop 
1, R 1 and R 2 constnute a voltage divider be­
tween V" and Vout, and the resulting divided 
voltage is applied to the posnive input of the 
operational amplifier. Similarly, R3 and Rm 
constnute a voltage divider between Vemf 
(the counterelectromotive force of the 
motor) and Vout, and the resulting divided 
voltage is applied to the negative input of 
the operational amplifier. When R2 is prop­
erly adjusted, Rl1R2 = R31Rm' and Vernf is 
forced to equal Vin' However, Vemf is direct­
ly prop::>rtional to the speed of the motor. 
Therefore, the speed is made directly pro­
portional to ~n' Furthermore, the circuit 
would be expected to smooth out varia­
tions in the speed by negative feedback 
from the motor through Rm and R3 to the 
negative input of the operational amplifier. 

In practice, the circuit of inner loop per­
mns some residual variation in speed, ne­
cessnating the addition of loop 2. In this 
loop, the voltage at A is proportional to the 
current through the 1-Q resistor, and the 
constant of proportionality is chosen so 
that this voltage is numerically equal to the 
instantaneous voltage drop across the 
motor resistance, Rm, when the motor is 
running. The voltage at B is proportional to 
the difference between the motor-terminal 
voltage and the voltage computed at A. 
This difference equals Vemf, which is direct-
1y proportional to the instantaneous speed 
of the motor. Thus, the voltage at B is pro­
portional to the speed of the motor. Be­
cause, in practice, the voltage at B has 
large negative spikes that increase the var­
iations in speed, a peak-holding circuit is 
added. This makes the voltage at C a 
smooth analog of the speed. 

This voltage is applied as input to an in­
tegrator and summer. " - Vspeed" is propor-

Ii -- --p~oo-;;- -- -- l 

I ~n mv ,:~ I 
I I 
I - uv + 7.5V I 
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Figure 2. The Motor-Driving CirciJit compares the speed of the motor (as manifested in a 
voltage) with a commanded speed (as expressed in a command voltage, - Vspeed) and ad­
justs the current supplied to the motor accordingly. 

. tional to the commanded speed and has to 
be negative because the voltage at point C 
is positive and the loop acts to null out the 
voltage at the summing point. 

It is necessary to set the 1()(}kQ poten­
tiometer for the best stability of the loops. 
This is done by monnoring the "test" point 
while adjusting this potentiometer. The 0p­
timum setting is on the edge between sta­
bility and instability, but it should be set a lit­
tle into the range of stability away from the 
edge to protect against drift in the values of 
components. 

It is necessary to pick the exact value of 
the series current~ing resistor labeled 
as 1 Q. This resistor is wound from copper 
wire and is picked to be as close as prac­
tical to one-twentieth of the stalled-motor 
resistance, Rm' This special resistor com­
pensates for variations in Rm caused by 
changes in temperature. 

This work was done by Cilarles Weaver. 
Robin Padden, and Floyd A. Brown, Jr., of 
SRI International for Johnson Space 
Canter. For further information, Circle 53 
on the TSP Request Card. MSC-21345 

!~ AlAs Diffusion/Schottky Barrier on GaAs 
Epitaxial semiconductor and metal contact films are deposited without interruption of vacuum. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
All ultrathin epitaxial film of /lJAs can be 

deposited on a GaAs substrate to serve as 
a Schottky barrier andlor as a barrier to dif­
fusion. This barrier film is deposited without 
interrupting the processing vacuum in 
which the substrate was deposited and in 
which any subsequent layers are to be de­
posited. 

Rectifying metal/semiconductor con­
tacts, which are Schottky barriers, are 
essential to most electronic devices based 
on GaAs. Because such devices are sensi­
tive to contamination and handling during 
fabrication, epitaxial growth techniques 
(e.g., molecular-beam epitaxy) compatible 
with ultrahigh vacuum are preferred. Un­
fortunately, when gold (the contact metal of 
choice) is deposited directly on an epitaxial 
GaAs film, the gold and GaAs interdiffuse, 
causing the contact to become ohmic in-

30 

stead of rectifying. Diffusion can be pre­
vented by exposing the substrate to air be­
fore depositing the gold, but this subjects 
the substrate to corrOSion, contamination, 
and the risk of breakage. 

In the new technique, the epitaxial film 
of AlAs is deposited directly on the GaAs 
substrate to a depth of only two atomic 
layers - less than 1 nm thick. The film is 
thin enough so that it does not constitute 
an electronic barrier, but thick enough so 
that it is expected to act as a barrier to the 
interdiffusion of gold and GaAs. Such a film 
might also be used as a barrier to the inter­
diffusion of dopants at heterojunctions. 

In a demonstration, a substrate of GaAs 
1 sm thick was grown by molecular-beam 
epitaxy. Without interruption of the vac­
uum, the two-monolayer /lJAs film was de­
posited on the GaAs. The specimen was 
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The Measured Current·vs_-Yoltage curve of 
the contact deposited with the AlAs barrier 
Indicates the presence of a Schottky barrier 
0.85 Y high. The straight current-vs.-voltage 
line of a similar contact deposited without 
the AlAs barrier indicates that this contact 
Is ohmic. 
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Last Year, This Is How They Won The 
IBM Supercolllputing COlllpetition. 

1st Place: Gas dynamics and 
star fonnation in merging galaxies. 

Kevin M. Olson, 
University of Massachusetts. 

1st Place: 3-D reconstruction 
of cochlea struclure. 

Carl S. Brown and 
Alan C. Nelson, 

University of Washington . 

1st Place: Stretching and bending 
of material surfaces in turbule nce. 

Stephen B. fbpe and 
Sharath Girimaji, 
Cornell University; 
Pui-Kuen Yeung, 

Pennsylvania State University. 

,....... 
XOPOUJAR llOWAAb 

I ~:~ill =:f~ L case ron J L case ron J 
1st Place: A dependency parser for 

variahle word order languages. 
Michael A. Covi ngton. 
Universit y of Georgia. 

This Year, This Is How You Can. 
~--------------~ I FOr information and an entry form, write to: 

Supercomputing Competition Admini trator I 
I 
I 
I 
I 
I 
I 

I IBM Corporation 
36 Mill Plain Road, Suite 404 I Danhur), cr 06811 

I 
I 
I 
I 

Name ______________________________________ _ 

Affiliation _________________ _ 

Addre 
City ___________ State ___ Zip __ _ 

Phone ___________________ FAX ______________ __ 

L NTS I -------------_ .. 
Call For Papers 

Last year, the response was overwhelming. 
So thi year, the IBM Supercomputing Competi­
tion, with a new division, returns. 

Created to discover, acknowledge and reward 
gifted American and Canadian scientists and 
engineers, this prestigious competition honors 
those whose papers describe innovative 
approaches to large-scale analysis and modeling. 

Each paper must describe work using an 
IBM 3090'" Supercomputer and/or the paper 
must describe distributed or cooperative proces -
ing in which IBM technical workstations are 
linked to IBM mainframes. 

The papers will be judged in five divisions: 
Physical Sciences and Mathematics; Engineering; 
Life and Health Sciences; Social Sciences, 
Humanities and the Arts; and Computer Sci-

ences-Distributed and Cooperative Processing 
(new division). Each division will receive a first, 
second and third prize of $25,000, $15,000 and 
$10,000, respectively. Also, a "PROCEEDINGS" 
of selected papers will be published. 

Contestants mu t register an abstract of their 
paper by October 16, 1990. Those who have regis­
tered their ab tracts must forward their papers by 
January 15, 1991. 

To select winners, IBM will retain a panel of 
independent authorities in each division. Winners 
will be announced by March 30, 1991. 

For more information, contact your IBM 
marketing representative or call the IBM Super­
computing Competition Administrator at (203) 
794-1355, FAX: (203) 792-7507 in the U.S.; 
(416) 758-4136 in Canada. 

==-== .:::® - -------- -. ---- --------------- ,-
The competition is open to any individual or team working or living in the U.s. or Canada, excluding employees of the IBM Corporation. IBM Canada Ltd. and IBM·related companies and their 
families. IBM is a registered trademarl< and 3090 is a trademark of International Business Machines Corporation. © 1990 IBM Corporation. 



transferred under ultrahigh vacuum to a 
metallization chamber, where a gold dot 10 
nm thick was deposited from a filament. 
The specimen was then removed from the 
chamber. 

The current-vs.-voltage curve of the 
contact showed the desired rectifying be­
havior (see figure). The height of the barrier, 
as deduced from this curve, is characteris­
tic of GaAs. This indicates that, as ex­
peeted, the AJAs film is too thin to affect the 
transport of electrons significantly. By use 
of ballistic-electron-emission microscopy, 
it was found that the spatial uniformity of 

this diode is better than that of a Schottky 
barrier formed on material exposed to air, 
where the contaminated, oxidized surface 
layer constiMes a nonuniform barrier to 
diffusion and a barrier to electronic con­
duction. 

This work was done by William J. Kaiser. 
Frank J. Grunthaner. L Douglas Bell, and 
Michael H. Hecht of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 127 on the TSP Request 
Card. 

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

~J High-Voltage Digital-to-Analog Converter 
Resistors in series are bypassed by optically isolated switches. 

Marshall Space Flight Center, Alabama 
A high-voltage 10-bit digital-to-analog 

converter operates under computer con­
trol to put out voltages up to 500 Vat cur­
rents up to 35 rnA. The circuit includes a 
high-voltage power supply which is used to 
generate a high-voltage square wave at a 
frequency set by the computer at a value 
between 0.2 Hz and 10 Hz (see Figure 1). 
The circuit is used to drive a 0.02-fAF, 1-kV 
capacitor at a slewing rate of 1 VIlAS to pro­
vide a signal for a robotic imaging system. 

The power supply is protected against 
short circuits by switching circuitry (not 
shown in the figures) that turns it off when 
the output current exceeds 35 mAo In addi­
tion, the circuit includes a "kill " switch to 
deliberately blow the dc power fuse, if 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17796, volume and number 
of this N.ASA Tech Briefs issue, and the 
page number. 

necessary. 
This work was done by Steven W Huston 

of Rockwell International Corp. for Mar· 
shall Space Aight Center. No further 
documentation is available. MFS-29605 

Fig ure 2. The High·Voltage Digital·to. 
Analog Converter, shown here in more 
detail , co rresponds to the port ion of 
Figure 1 bounded by the dashed li nes. 
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The circuit (see Figure 2) includes a 
series string of resistors that controls the 
regulated high-voltage supply. The high­
voltage-regulator section evolved from a 
design in the National Semiconductor 
Linear Appl ications Databook LB47. To set 
the output voltage, the resistors are by­
passed as needed by ten optically isolated 
electronic switches (photovoltaic relays) 
controlled by the computer. 

" Kill 
Switch" '-------+-+----1f---+--~~"'-..... ---I-.................... ---J ~~~~~;ent 

To Hlgh·Voltage 
Regulator 

195<> Figure 1. This Block Diagram illustrates 
the use of the fast high-voltage regulator 
to generate waveforms. 

115 Vac 

r · '~H8 RE8J:::::=:l 
391 <> 

781 g 

1.5K 

3.1 K 

From 
COmpufer 

~JSmall, Lightweight Welding-Current Indicator 
A circuit is wrapped around a transformer core. 

Marshall Space Flight Center, Alabama 
A welding-current indicator will be made 

, durface-mounted components on a flex-

32 

ible circuit board. The surface-mounted 
devices make it unnecessary to drill holes 

Optically Isolated 
Electronic Swllches 

6.2K 

12.5K 

2SK 

SOK 

100 K, 
lW 

in the circuit board to accommodate com­
ponent leads. The use of small surface­
mounted devices will result in a lightweight, 
compact indicator circuit. To make the cir­
cuit even more compact, the flexible circuit 
board will be wrapped around the trans-
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+ 
TMPZ 5250 
Zener 
Diodes 
",20 V 
Each 

\ 
Bridge Rectifier in 
Dual·in·Llne Package, 
1.0 A, 1kV Peak 
Reverse Voltage 
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LAYOUT OF FLEXIBLE CIRCUIT BOARD 

TRANSFORMER CORE 

The Flexible Circuit Board will hold a variety of components on its surface. After assembly, the flexible circuit will be wrapped to fit around the 
transformer core. 

former core used to sense the welding cur· 
rent. 

The surface·mounted devices are to be 
bonded to the flexible board with solder 
and/or epoxy. After the assembled circuit 

(see figure) will have been tested, it is to be 
wrapped on the transformer core and pot· 
ted in a medium·viscosity room·tempera· 
ture·vulcanizing compound. 

This work was done by Steven W 

Huston of Rockwell/nternational Corp. for 
Marshall Space Right Center. No fur­
ther documentation is available. 
MFS-29622 

Multiple-Dynode-Layer Microchannel Plate 
Improvements include better performance and easier manufacture. 

Goddard Space Flight Center, Greenbelt, Maryland 

An improved microchannel·plate electron 
image amplifier is made of a stack of dis· 
crete microchannel-plate layers. In compari· 
son with conventional microchannel plates, 
the new plates are easier to manufacture 
because there is no need to etch long, nar­
row holes, to draw and bundle thin glass 
tubes, or to shear the plates to give the mi· 
crochannels the curvatures necessary for 
reduction of undesired emission of ions. Fur­
thermore, whereas the high electrical resis­
tance of a conventional microchannel slows 
the rate of recharging after each signal pulse 
so that a typical photon counter in which 
it is used is limited to a few tens of counts 
per second, the new design provides for 
relatively fast recharging of the microchan· 
nel dynodes, with consequent enhance· 
ment of performance. 

Each layer consists of an insulating plate 
perforated with a complete two-dimensional 
array of microchannel holes, aligned with 
a conductive plate containing a matching 
set of holes. "JYpically, the holes in the insulat­
ing plate taper from larger diameter on the 
cathode side to smaller diameter on the 
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ONE LAYER 

I Bar for Stacking 

dl 
PARTIAL CROSS SECTION OF MULTILAYER STACK 

Discrete Dynode Layers Are Stacked with a 
slight offset from layer to layer to form a micro­
channel plate with curved channels. 

anode side. The conductive plate is attached 
to the anode side, and the holes in it are 
smaller than those in the insulating plate (see 
figure). The holes in the insulating and con· 
ducting plates can be made by well-known 
photOlithographic and etching techniques. 
Alternatively, the conductive layer can be 
made by depositing metal on the anode sur­
face of the insulating plate. In that case, de­
position can be performed at a shallO'oN angle 
while the plate is rotated so that the con· 
ductive material is deposited part way into 
the holes to the optimum depth for accelera· 
tion of electrons. 

A secondary-emitting surface is formed 
in the holes by deposition either before or 
after stacking the layers. If the insulating 
layer is made of glass, gradients of electro­
static potential and seconda.ry-€lTlission char­
acteristics can be modified by treatment in 
a hydrogen furnace before, or instead of, 
coating with a secondary-emitting layer. 

The layers are stacked in staggered fash· 
ion to effect the required curvature (see fig· 
ure). This can be done easily; for example, 
by aligning the edges of the layers with a 
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guide bar. The layers can be simply clamped 
together, fused together by hot pressing, or 
perhaps bonded with adhesive to form the 
multilayer microchannel plate. The conduc­
tive layers are connected to the source of 
accelerating potential by a resistive voltage 
divider, with the most-negative voltage tap 
connected to the conductive layer nearest 
the input (cathode) side and the most-posi­
tive voltage tap connected to the conduc­
tive layer nearest the output side. The resis­
tors in the divider can be chosen to allow 
rapid recharging after each signal pulse. 

This ..-.ork was done bt Bruce E. Wxldgate 
of Goddard Space Flight Center: For fur­
ther information, Circle 114 on the TSP Re­
quest Gard. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Counsel, 
Goddard Space Flight Center [see page 16]. 
Refer to GSC-13203. 

Spectroscopic Analysis of Insulating ~J 
Crystal Fibers 
A new method provides rapid characterization 
of optical properties. 

Langley Research Center, Hampton, Virginia 
Crystal fibers can be grown more rapid­

ly and less expensively than can crystals 
produced by more conventional methods. 
However, because they are smaller and 
less uniform, measurements of their opti­
cal properties are more difficult. Accord­
ingly, a new technique for determining the 
optical properties of insulating single­
crystal fibers has been developed and ap­
plied to sapphire, spinel, and YAlO crystal­
line host fibers doped with triply ionized 
titanium. 

The fibers, grown by use of a pedestal 
heated by a laser, were about 1 mm in 

diameter and 5 cm long. Two faces were 
polished parallel to the axis of each fiber 
studied. Laser light was injected perpen­
dicular to the axis, and the laser-induced 
fluorescence emerging from the ends of 
each fiber was measured. Measurements 
were also made of the absorption spectra 
and of the fluorescence lifetimes of these 
fibers. Typical fluorescence spectra are 
shown in the figure. 

The variety of defects found in large 
single crystals is also found in the crystal 
fibers, wherein the effect on the transmis­
sion of light is exaggerated because of the 
sizes of the fibers. Furthermore, these fi­
bers are large enough to support the prop­
agation of multiple modes. Thus, signifi­
cant scattering may be expected. One 
would also expect interference and con­
version of modes, both caused by defects 
and nonuniformities in the cross sections 
of the fibers, to complicate the measure­
ments of absorption. 

A statistical treatment of the transport of 
radiation through fibers was performed to 
account for multiple scattering and in­
terference. In this analysis, the effects of 
multiple scattering were treated as those 
of a length.<Jependent reflection from the 
bulk and combined with Fresnel surface 
reflection to enable the prediction of ab­
sorption and emission characteristics. 
Analysis of the data indicated that this new 
technique can provide rapid characteriza­
tion of the optical properties of single­
crystal insulating fibers. 

This work was done by A. M. Buoncristiani 
of C17ristopher NeW{XJrt College and Addison 
Tinge and C. E. Byvik of Langley Re· 
search Center. For further information, 
Circle 5 on the TSP Request Card. 
LAR-13831 

Wavelength (nm) 

These are Typical Auorescence Spectra of 
single-crystal fibers of the indicated ma­
terials. The fibers are doped with triply ion- . 
ized titanium. 
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Neural·Network Computer Transforms Coordinates 
Complicated transformations can be learned from few examples. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A numerical simulation has demonstrat-

ed the ability of a conceptual neural-net­
work computer to generalize what it has 
"learned" from a few examples. The ability 
to generalize is achieved with even a sim­
ple neural network (relatively few neurons) 
and after exposure of the network to only a 
few "training" examples. 

One general concept calls for layers of 
neurons, the collective function of which 

)( ___ g::,~ .... "",,~.81 

Inputs { } Outputs 

Y 82 

Input 
Layer 

(2 Neurons) 

Hidden 
Layer 

(32 Neurons) 

Output 
Layer 

(2 Neurons) 

Figure 1. The Three,Layer Neural·Network 
Computer was simulated In a test of its 
ability to "learn" to transform pairs of 
Cartesian (x, y) coordinates to correspond­
Ing joint-angle (81, 82) coordinates. 

Figure 2. Random Points on a Circle in 
Cartesian coordinates were mapped into 
Joint angles by the simulated neural net­
work of Figure 1 after " training " the net­
work with various numbers of examples 
of mappings. The ability to obtain fairly 
accurate mappings after only a few train ­
Ing examples might be used to provide 
solutions to otherwise intractable map­
ping problems. 
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FLU K E AND P H LIP S THE G LOB A L 

FLUKE 

Heres the picture 1ek & 
For the full picture, true high per­
formance DSOs must provide superior 
signal capturing, exceptional analytical 
power, plus automation_ The Fluke 
PM 3323 does_ The competition doesn't. 

Digital Storage Oscilloscopes promise 
great advantages over analog scopes. 

But fulfilling that promise means carefully 
choosing the best DSO performance for 
your budget. 

With the PM 3323 you get all the acquisi­
tion and analytical power you need to extract 
a wealth of information from your signals. 

Try getting the information pictured above 
with the Tek 2440 or HP 54502A, and you'd 
need them both. Plus, the PM 3323 can give 
you all this performance within your current 
automated test environment. 

Signal Acquisition. 

Before you can analyze signals you have 
to capture them. Here the PM 3323 stands 
alone. You get a wide 300 MHz bandwidth 
for capturing repetitive signals. You get 
500 MS/s real-time sampling for single­
shot events, even to a fast 50 MHz~ 

For even the fastest transient Signals, 
you get 2 ns horizontal resolution, 
a 1.17 ns risetime, and a 3 ns 
glitch capture function. 

Added features including 
automatic dc offset and digital 
delay let you really zero in 
on the Signal you want. All 
with precise 10 bit vertical 
resolution and easy-to-use 
AUTOSET. 
• At 10 samples per period. 

Signal Analysis. 

With the processing power of 2 AT-type 
computers, the PM 3323 lets you analyze 
signals, not just look at them. 

GOing far beyond amplitude and time 
measulements like RMS, Rise/Fall time, and 
frequency, the PM 3323 provides advanced 
functions such as integrate for area, differen-



ALLIANCE I N T EST & MEA SUR E MEN T 

PHILIPS 

HP dorlt want you to see. 
tiate for slewrate, calculate amplitude proba­
bility, even FFTs to show frequency domain. 
And there's no need for an external computer. 

Plus, memory sufficient for 251 front panel 
setups makes automation easy. 

See the difference. 
Only from Fluke. 

At only $7,750, the 
PM 3323 is just one of the 
talented DSOs from Fluke 
offering superior specs for 
unparalleled performance 
and value. 

Features 
SpIIII 

VIrtIcII ........ 
GIItcII CIIbrI ..,1 ..... 
om.r-
AIIII""~ (Int . om . HISI . Fitter, FFTI 

MIIIIF-u.. 

comparison chart. Or watch them in action in 
our free video titled "D80s With a Difference: 
Chapter 3:' Just call 1-800-44-FlUKE, 
ext. 77. 

Fluke Tek ' HP ' 
PM 3323 2440 54502A 
300 MHz 300 MHz 100 MHz real time, 
500 MS/s 500 MS/s 400 MHz reJ)eIi!ive 

400 MS/S 
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exhibits properties typical of real neural 
systems. The first layer is the input layer, 
the last layer is the output layer, and the in­
termediate layers are called "hidden" 
layers. The total excitation of the ith neuron 
in the nth layer is given by 

E = ~ T U n, I L n, 1,1 n -1 ,1 

where Un - 1, I represents the output of the 
jth neuron in then -1st layer, and Tn,I,i rep­
resents the strength of the connection be­
tween the ith neuron in the nth layer and 
the jth neuron in the n -1st layer. The out­
put of the ith neuron in the nth layer is given 
by 

Un, I = [1 +exp(-En,i)]-l 

These equations describe a signal as it 
"feeds forward" through the network. That 

Is, when the network is given some Input, it 
responds with some output based on the 
values of its connections. 

Many different learning rules have been 
developed for the self-organization of 
neural networks. The rule used here is a 
modification of a backi>ropagation algo­
rithm. The difference between the desired 
output and the actual output of a neuron in 
the output layer for a given input to the net­
work is added to a cumulative error signal 
that is used to reassign the connections T. 
During the learning phase, these connec­
tions are adjusted so that the differences 
between the outputs of the network and 
the desired outputs are eventually mini­
mized in a least-squares sense. 

The simulation was conducted to test 
the abilityofthe conceptual neural network 

to generalize to obtain a two-degree-of­
freedom topological transformation from 
the Cartesian coordinates of the end of a 
two-dimensional, two-rotary-joint robot 
arm to the jOint-angle coordinates of that 
arm (see Figure 1). The network was given 
a few "training" examples of sets of cor­
responding coordinates, then asked to 
compute the joint angles that correspond­
ed to points not in the original training set. 
Figure 2 shows how well the simulated net­
work mapped a set of random coordinates 
on a circle, for various numbers of ex­
amples used to train the network. 

This work was done by Gary M. Josin of 
Neural Systems, /nc., for NASA~8 Jet Pro­
pulsion Laboratory. For further informa­
tion,Orc/e 142 on the TSP Request Card. 
NPO-17753 

l'~ Multibeam 1.4-GHz Pushbroom Microwave Radiometer 
An airborne prototype radiometer exhibits high spatial resolution, 

Langley Research Center, Hampton, Virginia 
The measurement of multiple geophysi-

cal parameters from orbiting spacecraft 
that achieve high spatial resolution, global 
coverage, and frequent revisits is very im­
portant and useful in agriculture, hydrology, 
and weather- and climate-forecasting ap­
plications. In particular, such geophysical 
parameters as soil moisture, sea-surface 
temperature, windspeed, rain rate, amounts 
and properties of snow and ice, and atmos­
pheric parameters can be measured by 
use of microwave radiometers. High spa­
tial resolution and wide across-track cover­
age can be achieved simultaneously by 
use of multiple narrow beams, which can 
be either scanned across track or fixed 
across track in the so-called "pushbroom" 
configuration. An airborne prototype of a 
multiple-beam pushbroom microwave ra­
diometer (PBMR) has been developed by 
the NASA Langley Research Center to ad­
vance the radiometric technology neces­
sary for remote sensing of geophysical pa­
rameters. 

The figure shows a simplified block dia­
gram of the PBMR. The antenna is a 64-
element (8 by 8) array of V<lipoles with a 
stripline feed network for producing multi­
ple beams. The V-dipole was selected as 
the element of the array because its radia­
tion pattern is nearly circularly symmetri­
cal about the axis of the beam and be­
cause its projected length at resonance is 
shorter than that of a linear dipole, allowing 
closer physical spacing of the elements. 

An L-band front end provides the equip­
ment for injection of noise, input filtering, 
Dicke modulation, and amplification. The 
mixer-and-amplifier stage is used to down­
convert the desired frequency band to de 
(homodyne receiver). A 1.413-GHz local 
oscillator is used to perform the down-con-
version. 
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The PBMR Was Developed To Demonstrate Technologies that may be desirable in 
pushbroom radiometry and to demonstrate the pushbroom concept in an airborne 
prototype. 

The amplifierlsquare-Iaw<letector stage 
provides an output voltage proportional to 
the input noise power. The analog signal 
processor then performs band-pass filter­
ing and Dicke correlation of the noise 
signal, as well as low-pass filtering, before 
sampling by the digital processor. The digi­
tal signal processor provides the appropri­
ate algorithm for optimum loop filtering and 
estimation of data. The digital signal proc­
essor also provides timing for Dicke switch­
ing and sampling of data. 

The PBMR was designed to conform to 
requirements developed in conjunction 
with NASA Goddard Space Flight Center 
personnel involved in the study of the re-

mote sensing of soil moisture. The instru­
ment has been used in several joint Langley 
Research Center/Goddard Space Flight 
Center/United States Department of ,A,gri­
culture soil-moisture flight experiments in 
Virginia, Texas, and California. The PBMR 
data from those experiments are being used 
to modify, develop, and verify the algo­
rithms used to predict soil moisture from 
remote-sensing measurements. The im­
age data obtained from those flights may 
also be useful in the study of the effects of 
characteristics of beams on radiometer 
imaging data. 

A study using theoretical models and 
PBMR images to quantitatively link spatial 
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characteristics of antennas to the accura­
cy of radiometric soil-moisture-image data 
would be extremely beneficial and is sug­
gested as a future subject of research. 
Thus. in addition to the demonstration of 
possible push broom technologies. the 
PBMR is a useful remote sensing tool and 
engineering "test bed" for research in radi­
ometry. 

This work was done by Roland W 
Lawrence. Marion C. Bailey, Richard F. 
Harrington, O1ase P Hearn, and John G. 
Wells, Jr., of langley Research Center 
and William L Stanley of Old Dominion Re­
search Foundation. Further information 
may be found in NASA TM-89005 [N87-
11105], "Design and Development of a 
Multibeam 1.4 GHz Pushbroom Micro-

Air-Velocity Sensor for Helicopter 

wave Radiometer." 
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 (BOO) 336-4700. 
LAR-14023 

The speed and direction of motion are measured accurately, even when the speed is low. 

Langley Research Center, Hampton, Virginia 
Because of the multidirectional capabili­

ty of a helicopter and the invariable pres­
ence of the rotor downwash. it is difficult to 
measure the true airspeed of a helicopter. 
A typical method involves the use of an 
airspeed indicator that senses and indi­
cates the difference between impact pres­
sure and static pressure as measured by a 
pitot-static tube assembly. Because these 
pressures are extremely low at the low 
airspeeds at which helicopters often oper-

SlIprlngs or 
Inductive Coupling 

at Hub of Rotor 

ate. speeds below 40 kn (21 rn/s) are diffi­
cult to measure accurately. Also. a pitot­
static tube assembly is usually installed in 
the rotor downwash. leading to inaccurate 
readings; and the airspeed is defined only 
in the direction in which the tube assembly 
is pointed. while a helicopter can move 
sideways and backward as well as for­
ward. Consequently. a new airspeed sen­
sor has been conceived for the accurate 
measurement of both the airspeed and the 

Electrical Wires 
Carrying Pressure 
Signals 

Rotor Blade 

direction of flight of a helicopter. 
The figure illustrates the concept. A 

pressure transducer measures the differ­
ence between the impact and static pres­
sures at the tip of the rotor blade by use of a 
conventional pitot-static-tube assembly. 
This assembly is oriented to face in the 
direction of the tangential velocity vector of 
the tip of the blade. The impact pressure 
sensed by the pitot tube consists of two 
components: a steady component due to 
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the rotational velocity of the rotor and an 
alternating component due to the linear 
velocity of the helicopter, because the 
linear velocity of the helicopter is added to 
the velocity of the tip as the tip moves in the 
direction of helicopter motion and is sub­
tracted as the tip moves in the opposite di­
rection. 

The alternating component is extracted 
from the total-pressure signal and used to 
drive an indicator that shcMts the airspeed 
of the helicopter. The phase of th~ alter­
nating signal, when compared to the rota­
tional position of the rotor with respect to 
the frame of the helicopter, is used to drive 
another indicator that shows the direction 
of motion of the helicopter. Since the 
pressure sensed by the pitot-static tube is 
the sum of the tangential velocity of the tip 
of the rotor and the horizontal velocity of 
the helicopter and since this pressure is a 

squared function of the velocity of the tube, 
the amplitude of the cyclic pressure com­
ponent due to the horizontal velocity of the 
helicopter is several orders of magnitude 
greater than the steady pressure that 
would be obtained from a pitot-static tube 
fixed to the airframe. This feature greatly 
improves the sensitMty of the instrument 
to very low airspeeds. 

In the system shown in the figure, the 
electrical output from the transducer is first 
passed through a passive hlgh-pass filter to 
remove the steady component. It is then 
amplified to a usable level and passed 
through a digital band-pass filter to remove 
noise and clean up the signal. The center 
frequency of the digital band-pass filter is 
set by its clock frequency, which is a large 
multiple, typically 100, of the desired cen­
ter frequency. The clock frequency is gen­
erated by a digital pickoff on the shaft of the 

rotor so that the center frequency of the 
filter is always set at the rotor frequency. 
The filtered Signal is rectified, passed 
through a linearizing circuit, and presented 
to the pilot on appropriate displays. 

An analog-to-digital converter trans­
forms the dc signal from the rectifier into a 
digital format that is displayed to the pilot 
on a conventional light-emitting diode or 
liquid-crystal display as the airspeed of the 
helicopter. The direction of motion of the 
helicopter is displayed by a series of indica­
tor lamps selected by logic that measures 
the phase angle of the pressure signal with 
respect to the angular position of the rotor. 

This work was done by H. Douglas 
Garner and Richard F. Hellbaum of Lang· 
ley Research Center. No further docu­
mentation is available. 
LAR-13598 

Fast, Real-Time, Animated Displays 
A fourfold increase in the update rate is achieved. 

Langley Research Center, Hampton, Virginia 
The realistic simulation of the environ-

ment of an aircraft cockpit in a flight sim­
ulator requires dynamic instrument-panel 
displays that provide flight information to 
the pilot. These displays, consisting of 
dynamic lines, polygons, and alphanumer­
ic characters, must have an animation­
update rate sufficiently high to provide a 
realistic simulation of actual flight displays. 

The displays for the Advanced Con­
cepts Simulator (ACS) at the NASA Langley 
Research Center are generated on the 
Adage Raster Display System 3000 (RDS 
3000). Originally, the display programs 
were written by use of straightforward 
sequential programming techniques in 
the IKONAS Display Language (IDL2). 
("IKONAS" was the former designation of 
the RDS 3000.) The resulting animation­
update rate of 4 frames per second for the 
primary flight displays was insufficient to 
provide a realistic simulation. 

To remedy this deficiency, an extensive 
study of the programming techniques, lan­
guage implementations, and hardware 
characteristics was carried out. Improved 
programming techniques were developed, 
and revisions to the language implementa­
tion were made. Both types of changes 
took better advantage of the high-speed 
characteristics of the RDS 3000 hardware. 

Each of the three processors (see fig­
ure) in the RDS 3000 is designed to per­
form certain specialized tasks. The main 
processor, the Bipolar Processor System 
(BPS), is the master processor of the sys­
tem and is normally used to draw lines, pol­
ygons, and characters, as well as to per­
form system-control functions. The Matrix 
Multiplier (MA1024) is a slave processor 
that is designed to perform coordinate-axis 
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The Special-Purpose Parallel Processor enables the rapid generation of characters. 

transformations at high speed. The Aux- Increases in speed have been achieved 
iliary Graphics Generator (AGG4) is a sec- primarily by operating the processors and 
ond slave processor that can be used to certain hardware functions, such as "bit-
draw characters at a rate higher than that map erase," in parallel with each other 
of the BPS. whenever possible and by revising the mi-
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reasons to keep that nice car oIyours 
on the road as long as possible. 
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what could be easier than Tufon. Just 
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crocode of the system. The revisions of the 
microcode focused mainly on increasing 
the speed of generation of characters. The 
increases in speed resulted from (1) utiliza­
tion of the parallel-processing capabilities 
of the AGG4 and (2) use of the AGG4 to 
take advantage of certain high-speed 
characteristics of the display memory that 

were not previously used. The result was a 
fourfold increa£.e in the animation-update 
rate to 16 frames per second. 

This work was done by William M. 
Kahlbaum and Katrina Ownbey of Langley 
Research Center. Further information 
may be found in NASA TM-4005, [N~ 
198991 "High-Speed, Real-Time, Animated 

~J Programmable Cadence Timer 

Displays on the ADAGE RDS 3000 
Raster Graphics System." 

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 (BOO) 336-4700. LAR-14140 

An electronic metronome would pace the users through a wide range of exercise routines . 

Lyndon B. Johnson Space Center, Houston, Texas 
A conceptual programmable cadence 

timer would provide rhythmiC aural and vis­
ual cues for exercisers. The timer would 
automatically change its cadence accord­
ing to a program entered by the user. It 
could also function as a clock, stopwatch, 
or alarm. 

The timer would have a variety of uses 
in rehabilitative medicine, experimental 
medicine, sports, and gymnastics. In physi­
cal therapy, for example, it would give pa­
tients flexible pacing for repetitive range-of­
motion exercises. It could also be used in 
intermittent positive-pressure breathing 
treatment, in which a patient must rhythmi­
cally inhale and retain medication delivered 
under positive pressure; and in incentive 
spirometer treatment, in which a patient 
must inhale maximally at regular intervals. 

The timer would consist of two modules 
that could be joined as a unit or separated 
for remote control (see figure). When 
joined, the modules would be connected 
by a single thin electrical cable. When sep­
arated, the modules might be connected 
by the cable or by a line-of-sight infrared 
data link. With the infrared data link, the ex­
ercise area could be kept free of wiring. 
The modules would contain their own re­
chargeable-battery power supplies, and 
the base module could also operate on ex­
ternal direct current or rectified alternating 
current. 

The base module would contain a con­
trol microcomputer, a touch-sensitive liq­
uid-crystal display (LCD) for programming, 
a real-time clock, optical and audio drivers, 

timers, memory, and hard-wire and wire­
less transmitting circuitry. It would have 
controls for adjusting the brightness and 
contrast of the display and an onloff switch 
for power. 

The audio-visual module would contain 
a beeper for audio cues and a light-emit­
ting~iode (LED) blinker and an LED bar 
graph for visual cues. The blinker and 
beeper could be activated simultaneously, 
signaling the user to perform a prescribed 
movement. (The beeper could be silenced 
if the user prefers.) The 10 segments of the 
bar graph would light up in sequence to 
prepare the user for a cue. For example, if 
the cue cadence were set at a rate of 60 
beats per minute, one LED segment would 
light up every 6 seconds so that, at the end 
of a lminute cycle, all segments would be 
lit and the blinker would flash. The bar 
graph would then be reset, and the se­
quence would be repeated. (The bar graph 
would not function unless the cable were 
used to connect the two modules. Uke the 
beeper, the bar graph could be deactivated 
if the user wants.) 

A user could program a block of up to 30 
cadence regimes by entering the rate and 
duration of each regime on the touch-sen­
sitive LCD. The timer could store up to 25 
such blocks in its nonvolatile memory. 
When the user selected a block, the timer 
would execute each regime in the block in 
the order entered and display on the LCD 
the elapsed time for the regime and the 
current clock time. 

This work was done by William A. Hall 

and John Gilbert of KRUG International for 
Johnson Space Center. For further infor­
mation, Qrcle 45 on the TSP Request Card. 
MSG-21551 
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The Modular Pacer could be operated as a 
single un it or as two units. With the 
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base module, the user could concentrate 
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Information appearing on the IIquid-crystal 
display. 

~J General·Purpose Data-Formatting Input/Output System 
Standardized modu les connect a host computer to sources and sinks of data. 
Langley Research Center, Hampton, Virginia 

A multiplexable input/output (IIO) system 
has been developed as an interface be­
tween a host computer and a real-time, 
fixed-base simulator cockpit. However, the 
unit was designed to be a general-purpose 
interface and can be operated through vir­
tually any 8- or 16-bit, transistorltransistor­
logic-level, parallel-I/O port with or without 
handshaking. It accepts byte-coded data in 
the form of data blocks from a host compu-

42 

ter and routes the data to various system 
I/O modules like discrete outputs, lamp dri­
vers, and seven-segment~isplay drivers. It 
also formats and routes data from input 
modules back to the host computer. 

The total system comprises a main cen­
tral-processing-unit (CPU) board, an inter­
face board, and the I/O modules (see 
figure). The printed-circuit modules are 
standard 5 by 7 inches (12.7 by 17.8 cm) in 

size and fit into a standard 44-pin edge­
connector-card cage. The two main mod­
ules, the CPU and the interface board, 
carry out the data formatting and data 
transfer between the I/O system modules 
and the host computer. 

The CPU module is based on an 8085 
&bit microprocessor with a bidirectional 
data bus. It is served by 32K of read-only 
memory for the operating system - so it 
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can be expanded - and 128K of random­
access memory with an address<1ecoding 
mechanism for memory mapping of the 
system 1/0 modules. This addressing 
mechanism consists of three 8205 1-of-8 
binary decoders that generate 24 chip­
enable signals corresponding to 24 preset 
memory addresses. Each chip-enable sig­
nal selects an 8212 &bit 1/0 port (there are 
two per 1/0 module), providing a maximum 
capability of 12 I/O modules per system. 

The interface module is based on an 
8255 programmable peripheral interface 
configured for tristated outputs and serves 
as an interface between the 1/0 system 
and any host computer with a parallel port. 
This module also generates both pulse and 
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logiC-level handshaking as well as micro­
processor interupts. 

The 1/0 modules plug into a memory­
mapped bus structure that accommo­
dates up to 12 modules, in addition to the 
CPU and interface modules, in any con­
figuration. Each I/O module takes up 2 
memory locations out of the 24 provided by 
the addressing circuitry. Several Individual 
1/0 modules have already been designed 
and implemented for this system, including 
a discrete output or lamp-driver module, a 
seven-segment<tisplay<triver module, and 
a discrete input module with switch<te­
bouncing circuitry that reads in such exter­
nal inputs as those from switches, and en­
codes the data for transmission back to the 

Data Bus 

lA-
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host computer. Other modules are being 
designed to drive alphanumeric displays 
and communications interfaces and to 
serve as analog-to<tigital and digital-to­
analog converter modules. 

This work wets done by Anthony M. 
Busquets and Thomas W Hogge of lang­
ley Research Center. No further informa­
tion is available. 

This invention is owned by NASA, and a 
patent application has been filed. InqUiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page fB}. Refer to LAR-13529. 

" ( 

rr- I I 24 Chlp·Select Signals (Memory·Mapped) ... 8085 
... 1 I = V = I-- ~B: = ~ 

== ~ I I 
181 

CPU ~--~ Module 8212 8212 8212 8212 

~ ~ 
Address Bus 

----y ----y 
110 110 

Module Module 

Input/Output Modules Form a Multiplexor with a standard Interface to the host computer. 

Fiber-Optic Frequency-Transfer Link 
Frequency is stabilized by phase conjugation. delay in the fiber. In the phase-conjugation 

method, th is is done by measuring the 
phase at of the transmitted 100-MHz Signal 
and a rof the return 100-MHz signal and ad­
justing at until (at + ar)l2 = ao. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A system for the distribution of a 1ro 

MHz reference signal features transmis­
sion through optical fiber to a station 22 km 
away and stabilization of frequency by the 
radiofrequency phase-conjugation meth­
od. The system compensates for varia­
tions in phase (caused mostly by changes 
in temperature along the optical fiber) of 
the signal arrMng at the remote station. In 
preliminary tests, a "breadboard" version 
reduced the phase variations caused by 
temperature changes of 20"C by a factor 
of 45. The goal for the fully developed sys­
tem is to maintain a stability of 1 part in 1017 

during a 1,orosecond averaging time. 
In this system, the mD-MHz signal is 

transmitted as modulation of an optical 
signal. Part of the signal arriving at the re­
mote station is reflected back to the refer­
ence station (see Figure 1). The mO-MHz 
signal undergoes a phase delay a1 during 
NASA Tech Briefs, July 1990 

transmission through the cable. The protr 
lem is to make the phase am of the 
1roMHz signal at the remote station equal 
the phase ao of the reference 100-MHz 
signal by advancing the phase of the trans­
mitted signal to compensate for the phase 

REFERENCE STATION 

The system is shown schematically in 
Figure 2. The reference station includes a 
phase conjugator, a fiber-optical transmit­
ter, a fiber-optical receiver, a phase-locked 

REMOTE STATION 

Phase Delay In Fiber = 81 Reflection 

"-':-" (_0) L ~ ... ~~: ~) -jm-~ 
8r- 80+ 81 '-'IIiiiiiiiiii /' 

81 
Optical 

Fiber 

Figure 1. Stabilization by Phase Conjugation Involves the measurement and control of the 
phases of the transmitted and reflected signals at the reference station to obtain the refer­
ence phase at the remote stat ion. 
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loop (PLL), and a fiber{)ptical coupler. A 
synthesizer supplies a 1(x}MHz signal and 
a 2().MHz signal to the first mixer, which 
multiplies these signals to produce 8(}MHz 
and 12().MHz signals. The first po.ver split­
ter separates the signal out of the mixer in­
to two signal paths. A filter in each signal 
path passes only one frequency so that 
120 MHz is the output from one signal path 
and 80 MHz is the output from the other 
Signal path. 

The second mixer multiplies the 8(}MHz 
Signal and the 1OQ-MHz signal from the 
voltage-controlled oscillator 01(0) to pro­
duce a 20-MHz intermediate-frequency 
(IF) signal , which contains the instan­
taneous difference in phase between the 
VCO Signal and the SO-MHz reference. 
Similarly, the third mixer multiples the 120-
MHz signal and the 1(x}MHz signal com­
ing from the remote unit to produce 
another 2(}MHz IF signal, which contains 
the instantaneous difference in phase be­
tween the 100MHz return signal and the 
12(}MHz reference signal. 

The phase detector receives the two 
2(}MHz IF signals and produces a voltage 
proportional to the difference in phase be­
tween them. The voltage is applied to the 
VCO error input through the inner loop filter 
(ILF). Changes in the delay in the optical fi· 
ber result in changes in the control voltage. 
This voltage thus controls the phase of the 
VCO relative to the original100MHz refer­
ence signal. The second power splitter 
divides the output of the VOO into two sig­
nals. The second mixer receives one of the 
Signals, while the other signal modulates 
the optical carrier emitted from the laser 
transmitter. 

The modulated optical signal passes 
through a two-way optical coupler into the 
fiber. A fiJ/fiJ mirror at the remote station 
reflects half of the optical signal back 
toward the reference unit. The other half of 
the optical signal passes through the mir­
ror to the receiver, which demodulates the 
optical signal and amplifies the resulting 
1OQ-MHz radio-frequency Signal. A PLL fil­
ters the signal, which is used as the remote 
reference frequency. The reflected optical 
signal returns to the reference station, 
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Figure 2. The Phase ConJugator compares the phase 9, at the transmitter and 9, at the 
receiver and uses a voltage-controlled oscillator to maintain the phase at the remote station 
as close as possible to the reference phase 90 . 

where it passes through the optical coupler further information, Circle 93 on the TSP 
and is detected by its optical receiver and Request Card. 
filtered by its PLL The third mixer receives This invention is owned by NASA, and a 
the resulting 100-MHz signal , and this patent application has been filed. Inquiries 
closes the phase-control loop of the sys- concerning nonexclusive or exclusive 
tem. license for its commercial development 

ThisworkwasdonebyL.E.Primas,R.L. should be addressed to the Patent 
Sydnor. and G. F. Lutes of Caltech for Counsel, NASA's ResidentOffice-JPL [see 
NASA's Jet Propulsion Laboratory. For page 16]. Refer to NPO-1 7703 

~ Flux-Feedback Magnetic-Suspension Actuator 
Flux density is maintained substantially constant. 

Langley Research Center, Hampton, Virginia 
The flux-feedback magnetic-suspension 

actuator provides magnetic suspension 
and control forces that have a linear trans­
fer characteristic between force com­
mand and force output over a large range 
of gaps. Hall-effect devices are used as 
sensors for an electronic feedback circuit 
that controls currents flowing in the elec­
tromagnetic windings to maintain the flux 
linking the suspended element at a 
substantially constant value independent 
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of changes in the length of the gap. This 
technique provides an effective method for 
the maintenance of a constant flux density 
in the gap and is simpler than such preVi­
ous methods as calculation of the current 
required to produce a given flux based on 
measurement of the gap. 

The simplified-schematic diagram shown 
in the figure can be used to describe the 
basic approach. Upper and lower electro­
magnets with currents lu and 'L produce 

forces Fuand FL on an element suspended 
in the middle between the electromagnets 
at a gap distance Go from the pole at the 
face of the upper electromagnet. Because 
this type of electromagnet produces an at­
tractive force only, two such magnets are 
required to produce a bidirectional force. A 
poSition sensor measures the displace­
ment G of the suspended element with 
respect to the centered position. Informa­
tion on this position is required for active 
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control of the suspended element. 
Under the customary simplifying as­

sumptions, the flux, CS>, in an electromagnet 
is directly proportional to the current in the 
coil of the electromagnet. The force pro­
duced by the upper and lO'Ner elements 
can then be expressed as 

Fu = KCS>~ 
FL = KCS>~ 

Using these equations, the equations for 
the flux-feedback approach can then be 
developed. For a bearing-element pair of 
electromagnets with differential control of 
flux, the total force is expressed by 

Fr = Fu-FL 
which can be rewritten as 

Fr = K(CS>~-CS>~) 

With differential control about a bias flux 
CS>() the fluxes in the upper and lO'Ner gaps 
become 

CS>u = CS>o+CS>c 
CS>L = CS>o-CS>c 

where CS>c is the commanded change in 
flux. The substitution of these expressions 
into the equation for the total force yields 
Fr = K{[CS>~+2CS>oCS>c+CS>~]-

[CS>~ - 2CS>oCS>c+CS>~} 
which simplifies to 

Fr = 4KCS>oCS>c 
By making the definitions 

CS>c = Fc 
and 

4KCS>o = KF 
the total actuator-force output, Fr, as a 
function of the command-force input can 
be expressed by 

Fr = KFFC 
Applications include magnetic actua­

tors for control of the shapes and figures of 
antennas and of precise segmented reflec­
tors, magnetic suspensions in devices for 
the storage of angular momentum and/or 
kinetic energy, and systems for the control , 
pointing, and isolation of instruments. 

This work was done by Nelson J. Groom 
of Langley Research Center. Further in­
formation may be found in NASA TM-
100672[N89-21135], "A MagnetiC Bearing 
Control Approach Using Flux Feedback." 

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 (BOO) 33&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 de­
velopment should be addressed to the Pa­
tent Counsel, Langley Research Center 
[seepage 16]. Refer to LAR-13785 
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~~Automatic Refilling System for Liquid Helium 
Cryogenic experiments can be left unattended for days. 

Goddard Space Flight Center, Greenbelt, Maryland 
A system automatically replenishes liq· 

uid helium in a cryogenic experimental ap­
paratus as the liquid evaporates. With the 

To Storage 
Dewar 

Valve Positions: 

apparatus, experiments can run unattend­
ed - during weekends, for example­
with less risk that the temperature will rise 

vent~ 

To Helium-Gas 
Cylinder 

To Storage 
Dewar 

A: Transferring Liquid Helium 
B: Venting Helium Gas 

Computer 

Llquld-Hellum-Level 
Sensors: Silicon 

Resistance 
Thermometers 

Experimental Dewar 

Storage Dewar 

Cylinder Containing 
Pressurized Helium 

Gas 

Figure 1. The Automatic Filling System transfers liquid helium from a storage vessel to an 
experimental apparatus under computer control. Gaseous helium from a cylinder supplies 
the pumping pressure. 
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Computer Programs 
60 Birefringent-Filter Model 

above the 4.2-K boiling point of helium for 
lack of coolant. 

A microcomputer monitors the level of 
helium in the Dewar vessel in the experi­
mental apparatus (see Figure 1). When the 
liquid helium falls to a preset level, the 
computer commands the transfer of liquid 
from a storage Dewar to the experimental 
Dewar by commanding the pressurization 
of the storage vessel with helium gas from 
a cylinder. When the level of the liquid 
helium in the experimental Dewar rises to 
a preset maximum, the computer com­
mands the flow of gas to the storage 
Dewar to stop and thus stops the transfer 
of liquid to the experiment. 

SRT 

Measuring 
Resistor 

Figure 2. This Circuit Senses the Level of 
liquid Helium by sensing the voltage 
across measuring resistors in series with 
silicon resistance thermometers (SRT's). A 
low voltage indicates that an SRT is 
covered, while a high voltage indicates that 
it is uncovered. 
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Six silicon resistance thermometers 
(SRT's) sense the level of liquid helium for 
the computer. The SRT's are mounted 
about 5 in. (12.7 cm) apart on a vertical rod 
in the experimental Dewar. The SRT's are 
connected in parallel to a source of volt­
age, and each is connected in series with a 
measuring resistor (see Figure 2). The 
SAT's immersed in liquid helium are colder 
and, therefore, have resistances higher 
than those of the SRT's above the liquid. 
Consequently, the currents through the im­
mersed SRT's and the voltages across 
their measuring resistors are less than 
those of the SRT's above the liquid. 

The minimum allowable level of liquid is 
programmed into the computer. When the 
SRT's signal that the liquid has fallen to that 
level, the computer activates a solenoid 

valve through a digital-to-analog interface, 
which, in turn, activates the solenoid valve 
that pressurizes the storage Dewar. The 
pressure of the gas pushes liquid helium 
out of the storage vessel, through a trans­
fer tube, and into the experimental Dewar. 

As the liquid helium fills the experimen­
tal Dewar, it covers the SRT's in succes­
sion until it reaches the programmed maxi­
mum level. At this point, the computer cuts 
power to the solenoid valve, and a spring 
returns the valve to its nontransfer position, 
where it connects the storage Dewar to a 
vent. The excess helium gas then leaves 
through the vent, and the flow of liquid 
helium ceases. The valve remains in the 
vent position so that vapor evolving from 
the liquid can escape; because the valve is 
spring-loaded, the vent stays open even if 

electrical power fails. 
If the storage Dewar runs out of liquid, 

the computer continues to send warm heli­
um gas into the empty storage vessel. It is, 
therefore, necessary to be sure that 
enough liquid is stored for the expected 
period of unattended operation. Alterna­
tively, the computer can be programmed to 
stop the flow of pressurizing gas if the 
SRT's indicate that the level of liquid in the 
experimental Dewar is falling during an at­
tempted refill . 

This work was done by Aristides 
Serlemitsos, Mark San Sebastian, Jay 
Geagen, and Brent Warner of Goddard 
Space Flight Center. For further informa­
tion, Orcle 80 on the TSP Request Card. 
GSC-13270 

Improved Radiography of Wooden Parts 
Low-toxicity liquid penetrant increases absorption in defect regions. 

Langley Research Center, Hampton, Virginia 
A technique has been developed to in­

crease the radiographic contrasts of in­
herent latent defects in wood. Radiograph­
ic inspection of items fabricated of wood 
has been traditionally very difficult be­
cause of the basic inhomogeneity of this 
material. Local discrete changes in density 
In the form of earlywood and latewood 
growth bands selectively attenuate the 
penetrating radiation and cause corre­
sponding variations in density on radio­
graphic films. When delaminations, cracks, 
or other latent defects transcend the in­
spection areas, their images are superim­
posed on the already-confusing radio­
graphic images, making interpretation of 
the images very difficult. 

The new technique involves the intro­
duction of a radiopaque substance into the 
defect site and subjecting the site to pene­
trating radiation. Radiopaque penetrants 
have been used for many years to increase 
the contrasts of internal defects. However, 

most of the penetrants used are severely 
restricted in application because of two 
basic disadvantages: toxicity, which can 
make the penetrant extremely hazardous 
for handling, and residual contamination, 
which causes local staining and could 
hinder any repair scheme. The radiopaque 
penetrant that has been used successfully 
for this technique is a commercially avail­
able fluorocarbon cleaning solvent, trichlo­
rotrifluoroethane, which has a favorable 
toxicity-threshold-limit value of 1,000 parts 
per million. 

In the improved technique, an x radio­
graph is first made of the area of interest. 
Then the low-toxicity penetrant is intro­
duced by the flooding, gravity-feed, capil­
lary action, or forced flow. The defect strata 
are filled with the radiopaque penetrant, in­
creasing the absorption of radiation only in 
the defect region. The area is again radio­
graphed, and the "before" and "after" im­
ages are interpreted. 

This technique has been successful in 
depicting interlaminar shear cracks in a 
large laminated spruce wind-tunnel fan 
blade. These cracks, which were radio­
graphically invisible before the penetrant 
was introduced, were detected through a 
section thickness of up to 28 in. (71 cm). 
The technique could be applicable in the in­
spection of wooden aircraft components, 
fan and wind-turbine blades, marine parts, 
insulators, and other wooden components, 
assemblies, and structures. 

This work was done by Maggie L. Berry 
and Robert F. Berry, Jr. , of Langley Re­
search Center. For further information, 
Orcle 49 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for fts commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16]. Refer to LAR-13724 

Detection of Gas-Phase Polymerization in SiH4 and GeH4 
Inelastic scattering of light reveals conditions unfavorable 
for the deposition of amorphous SiGe:H. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Inelastic scattering of laser light has been 

found to indicate the onset of gas-phase 
polymerization in the plasma-enhanced 
chemical-vapor deposition (PECVD) of 
photoconductive amorphous hydroge­
nated siliconlgermanium alloy (a-SiGe:H) 
film. In this PECVD process, the film is de­
posited from a radio-frequency glow-dis­
charge plasma of silane (SiHJ and germane 
(GeHJ diluted with hydrogen. Gas-phase 
polymerization is undesirable because it 
causes the formation of particulates and 
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defective films. 
The inelastic scattering of laser light 

was first observed as a spurious broad­
band signal during in situ coherent anti­
Stokes Raman spectroscq::>y (CARS) meas-

The Abrupt Changes In the Intensity of 
scattered light on each plot Indicate theon­
set of formation of particles at the indi­
cated power levels. The formation of parti­
cles can be prevented by keeping the power 
low. 
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urements that were being performed to 
determine closed-chamber disappear­
ance kinetics and steady-state On flowing 
gas) depletions of SiH4 and GeH4 in plas­
mas of pure and mixed gases. Although the 
exact scattering mechanism was not es­
tablished, it was nevertheless observed 
that the scattering signal gives a sensitive 
indication of the formation of particles in 
the radio-frequency plasma. For example, 
the figure shows the intensity of scattered 

light as a function of the radio-frequency 
power for silane plasmas with various 
rates of flow. 

Wrth the help of the CARS and inelastic­
scattering diagnostics, the conditions for 
the deposition of a-SiGe:H films have been 
optimized in the parameter space of radio­
frequency ~er density, rates of flow of 
gases, and dilution with hydrogen. The opti­
mum conditions include low power density 
(20 mW/cm'1, high pressure [0.55 torr (70 

Improved Analysis of Heat-Pulse Data 
Calculations of thermal diffusivity and heat capacity take 
account of exponential pulses and losses of heat. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Equations have been derived to improve 

the analysis of experimental data in the 
flash method for the measurement of ther­
mal diffusMty and heat capacity. In the 
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Thennal Dlffuslvltles as functions of temperature were calculated from flash-method meas­
urements on p-type SiO.8Ge02 specimens of five different thicknesses. The upper curve was 
calculated from the experimental data under the assumptions of no loss of heat and zero­
duration pulse. The upper curve Includes the corrections for the loss of heat and the ex­
ponential decay of the pulse. 
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Pa)], high rates of the flow of SiH4 and GeH4 
(23 and 5.6 standard cm3/min), and a rate 
of flow of hydrogen sufficient to provide 
high dilution (100 standard cm3fmin). 

This work was done by Yuh-Han Shing, 
Joseph W. Perry, and Camillo E. Allevato of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Drc/e 4 
on the TSP Request Card. 
NPO-1mg 

flash method, a pulse of radiant energy 
from a flashlamp or other source is de­
posited on the front face of a small , thin 
specimen, and the temperature of the rear 
face is monitored as a function of time. 
Previous analyses have accounted for 
losses of heat from the specimen and for 
pulses of various shapes and finite dura­
tions. The new equations account for both 
losses and exponentially decaying pulses. 

The mathematical model is based on a 
flat slab specimen of thickness d of infinite 
lateral extent. The rate of loss of heat to the 
surroundings is considered to be propor­
tional to a dimensionless heat-loss param­
eter L and to the difference between the 
temperature of the surface of the speci­
men and the ambient temperature. The 
thermal parameters of the specimen are 
the thermal diffusivity 0 and the thermal 
time constant, tc = d2/o. The difference 
between the final temperature that the 
specimen would attain if there were no loss 
of heat (if L were zero) and the ambient 
temperature is represented by Too . The 
pulse on the front face of the specimen 
begins at time t = 0 and decays exponen­
tially with a time constant T. 

For this model, the exact solution of the 
one-dimensional heat-diffusion equation is 

00 

~ f1n cos(jJn) + L sin(jJnl [J 
T(t)IToo = 2L ~+L2 +2L n 

n=Q n 

[

exp( - ~tltc) - exp( - tIT)] 

l-~T/tc 

where T(t) is the difference between the 
temperature on the rear surface of the 
specimen at time t and the ambient terti­
perature, and the [In are the positive roots 
of 

(fJ2 - L 2)tan (fJ) = 2LiJ 

If Tit c is small and when tIT is suffiCiently 
large, the exact equation can be used to 
derive the following equations for the ap­
proximate thermal diffusMty 0 a and for the 
approximate value Tma of the maximum 
temperature rise Tm' 
0a1d2 = 0.13875[1 -

exp(1.8078 -1.2407x)]ly 
and 

TmiT 00 = 1 - exp(2.608 -1.2841x) 
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wherex = (tm-Ty(t y. -T),y = t y. -T, tm 
is the time at which T = Tm, and t y. is the 
time at which T = Tm12. The heat capacity 
of the specimen can be calculated exactly . 
from C = OlToo or estimated from C :::: 
(Tm/Too}OlTm , where 0 is the amount of 
heat deposited in the specimen. 

The figure shows the results of meas­
urements taken on five specimens of JF 
type Sio.aGeo2' In the lower curve, where 
the data are corrected for the loss of heat 
and the finite duration and decay in the 
pulses, the scatter in the calculated values 
of thermal diffusMty is only 2 percent. 

This work was done by C. B. Vining, A. 
Zoltan, and J. W. Vandersande of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Orc/e 139 on the 
TSP Request Card. 
NPO-17729 

Programmable Multizone Furnace 
Moving thermal gradients are created without mechanical motion. 
Marshall Space Flight Center, Alabama 

A furnace that has multiple, individually 
programmable heating zones is being de­
veloped for use in experiments on direc­
tional solidification. The furnace holds a 
rod specimen and generates thermal gra­
dients (see Rgure 1) that move along the 
specimen. Unlike in prior directional­
solidification equipment, the specimen and 
furnace remain in fixed positions relative to 
each other during the experiment. The 
elimination of the translation mechanism 
makes the furnace more compact and re­
duces vibrations, which can disturb the ex-
periment. 

The furnace, shown schematically in 
Figure 2, includes a cylindrical stack of 
ring-shaped heating assemblies that in­
clude electrical heating elements, SUJF 
ports, and thermal insulation. The inner di­
ameter of the rings is 1.125 in. (28.6 mm) 
and is intended to accommodate a speci­
men with a diameter uptoO.5 in.(12.7 mm). 
Pairs of adjacent heating assemblies are 
connected in series electrically and physi­
cally, each pair constituting a program­
mable temperature-control zone. The 
working core of the furnace [the electrody­
namic gradient (EOG) section] consists of 
the middle 16 time-programmable zones. 
The eight constant-temperature program­
mable zones on the ends (four at each end) 
serve as buffers. Eight water cooling tubes 
connect ali the heating assemblies. 

The furnace creates a moving tempera­
ture gradient by the coordinated control of 
the temperatures in the heating zones. This 
coordination is accomplished by use of a 
commercially available process controller 
executing a proportional/integral/deriva­
tive control algorithm, using the tempera­
ture measured in each zone by a thermo­
couple as feedback. The temperature in 
each zone can be programmed to ramp 
linearly to or from a set value in a specified 
time or to remain at a set value. 

Tests of a prototype revealed the advan­
tages and some disadvantages of this type 
of furnace. Its flexibility is unquestionab­
ly an advantage; that is, the availability 
of many different temperature profiles 
through programming makes it a versatile 
tool for research at low thermal gradients 
[6 to 75 "CIin. (2.4 to 30 "acm)] that travel 
at moderate speeds [up to 10 in.1h (25 
cm/h»). The principal disadvantages are 
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Figure 1. This Moving Solidification Front isonly one of many simple or complicated moving 
temperature profiles that can be generated in the programmable multizone furnace. 
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Figure 2. The Time-Programmable Temperature Controller regulates the temperature In 
each of the middle 16 heating assemblies as a function of time to generate a moving temper­
ature profile. 

high power consumption (typically> 3 kW) 
and the high dependence of the gradient 
and its motion on the control system. 

This work was done by Edmund Y. Ting 
and David J. Larson, Jr. , of Grumman Cor-

porate Research Center for Marshall 
Space Right Center. For further informa­
tion, Circle 161 on the TSP Request Card. 
MFS-28375 
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~J Calibrator Blocks for Computerized Tomography (CT) 
Holes of known size and location enable calibration of CT systems. 
John F. Kennedy Space Center, Florida 

~-------I4 In.-------t~ 

Sets of calibrator blocks have been de­
veloped for use with industrial computer­
ized tomography (CT) systems. A set of 
blocks (or a number of stacked sets of 
blocks) is placed on the object table of a CT 
system and scanned in the usual way (see 
Figure 1). The blocks include holes of 
known size, shape, and location. The ap­
pearance of these holes in the output im­
age of the CT system can thus be used to 
verify the operation of the system. 

Each set of blocks consists of three 
nested rings surrounding a central disk 
(see Figure 2). The rings and disk contain 
square holes. In addition, each ring con­
tains a round hole of diameter equal to the 
length of the side of the square. Plugs are 
made to fit in the square and round holes. 

Figure 1. ACT Sys­
tem Scans the cali ­
brator blocks (e.g., 
with x rays or r rays) 
in the same way in 
which it scans an 
unknown object. 

Figure 2. The Set of 
Calibrator Blocks in· 
cludes plugs and 
smaller inserts that 
can be removed to 
make round or 
square holes of 
known sizes and 
locations. 

LINCOLN LASER COMPANY 
234 East Mohave. Phoenix. Arizona 85004 FAX: (602) 257-0728 Phone: (602) 257-0407 
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Each plug contains smaller square holes of 
three different sizes. Smaller plugs are also 
made to fit in the smaller square holes. 
Thus, by removing and inserting rings and 
plugs, one can provide tomographic fea­
tures over a range of sizes to test and cali­
brate an industrial CT system. One can 
also test axial resolution (the thickness of 
the tomographic "slice" - typically, 1 
mm) by scanning between two stacked 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Temperature Rises in 
Pumps for Superfluld 
Helium 

The characteristics of 
centrifugal and fountain­
effect pumps are compared. 

A report discusses the increases in the 
temperature of superfluid helium in cen­
trifugal and fountain-effect pumps. Such 
pumps are intended for use in transfers of 
superfluid helium in outer space. The in­
creases in temperature significantly affect 
losses during transfers and are, therefore, 
important in the selection of the tempera­
tures of supply tanks. 

For the purpose of this study, the in­
crease in temperature in the fountain-ef­
fect pump is calculated on the basis of 
thermodynamic considerations, starting 
from the assumption of an ideal pump. The 
results of recent tests of the ceramic ma­
terial intended for use in such pumps sup­
port this assumption. 

The basic equations that describe the 
thermodynamic characteristics of the 
ideal fountain-effect pump are those of the 
thermomechanical effect. The mode of 0p­
eration is assumed to be that of a constant 
rate of input of heat. The combination of 
the two basic equations for this mode 
yields a new pair of equations that express 
the operating characteristics of the pump: 
(1)an equation for the increase in pressure 
as a function of the rate of input of heat, 
rate of flow of mass, and the temperature 
at the inlet to the pump and (2) an equation 
for the increase in temperature as a func­
tion of the increase in pressure and the 
temperature at the inlet. 

The increase in temperature in the cen­
trifugal pump is also calculated on the 
basis of thermodynamic conSiderations, 
but ideal behavior is not assumed. Instead, 
the measured operating characteristics of 
a prototype centrifugal pump are inserted 
in the equations to obtain an estimate. The 

NASA Tech Briefs, July 1990 

blocks with (or without) inserts at partial fill 
from the interface. 

The blocks, plugs, and inserts can be 
made of any of a variety of materials - for 
example, various metals and plastics. It is 
desirable to have sets made of different 
materials to cover the range of densities 
that the CT system is expected to scan. 

This 'NOrk was done by H. Peter Engel of 
EG&G Florida, Inc., for Kennedy Space 

product of this analysis is three equations: 
one for the increase in temperature as a 
function of the increase in pressure, the 
measured efficiency of the pump, and the 
temperature at the inlet; one for the effi­
ciency as a function of the rate of flow of 
mass and the speed of rotation of the 
pump; and one for the speed of rotation of 
the pump as a function of the &te of floW of 
mass and the increase in preSsure. 

The comparison of the equations for the 
two pumps reveals four pri cipal di~er­
ences. Rrst, the increase in tetnP9rature in 
the centrifugal pump is less than that in the 
fountain-effect pump except at very ow 
flows and high increases in ~ssure. Sec­
ond, the temperature at the OOtlet of the 
fountain-effect pump depe~ only slightly 
on the temperature at the Inlet. TI1rd, 
under the conditions expected during ~he 
cooling of a warm receMng tank, the cen-

Center. For further information, Circle 39 
on the TSP Request card. 

This invention Is owned by NASA, and a 
patent awJication has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Coun­
sel, Kennedy Space Center [see page 16}. 
Refer to KSC-11397 

trifugal pump has an operating character­
istic better than that of a fountain-effect 
pump. Fourth, the centrifugal pump has an 
optimum operating curve, near the curve 
of maximum thermodynamic efficiency, for 
which the increase in temperature is 
minimized. CNerall, the centrifugal pump is 
more effective because it produces a 
smaller rise in temperature. 

This 'NOrk was done by Peter Kittel of 
Ames Research Center. Further informa­
tion may be found in NASA TM-10CB97 
[N88-27EiJl), "Temperature Rise in SUper­
fluid Helium Pumps." 

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 (BOO) 3364700. 
ARC-12264 

Here's an Easier Way 
to Do DSP! 

For an easier way to do DSP, 
consider our way: an Integrated 
group of DSP products based on 
the AT&T® DSP32C floating point 
processor, Burr-Brown's high 
performance A/D converters, and 
our DSP development and analysis 
software. 

And, for those really tough 
problems, ask us about our 
application engineering seNices. 

• Easy-te-use, fully integrated 
system 

• Single vendor source 
• Smooth transition from prototype 

to production 
• Worries about DSP and analog 

I/O are removed-attention can 
be concentrated on soMng the 
problem 

• Clear results-you know when 
your design works. 

For complete details, write: 
Burr-Brown Corp., P.O. Box 11400 
Tucson, IV. 85734. Or, call toll-free 
1-800-548-6132. 

AT&T. DSP32C. AT&T Corp. 

Signal Processing Solutions 
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Equations for Isocaloric 
Fountain·Effect Pumps 
Operating characteristics of 
leaky pumps are derived. 

A r~rt presents equatioos for the ther­
modynamical characteristics of leaky foun­
tain-effect pumps operating at constant 
rates of input heating. The equations differ 
from those developed previously for foun­
tain-effect pumps operating at constant dif­
ferences of temperature, in which the 
pressure heads and rates of flow are inde­
pendent of each other. 

The fountain effect, also known as the 
thermomechanical effect, is the tendency 
of superfluid helium to flow through a capil­
lary tube in the direction of increasing tem­
perature. One stage of a fountain-effect 
pump contains a porous plug, which sepa­
rates a source of superfluid helium at a 
lower temperature, To, from a region at a 
higher temperature, 71 , into which the fluid 
is to be pumped. 

The analysis begins with the basic equa­
tions of the thermomechanical effect. As­
suming that the rate of input heating is con­
stant, that the flow through the pump is 
subcritical (below the onset of quantized 
vorticity), that the temperatures vary slow­
ly, and that the viscosity and the ratio of 
specific heat at constant chemical poten­
tial to entropy are independent of tempera­
ture, the author derives the equations for 
the mass-flow rate and pumping pressure 
of an ideal single-stage pump. This line of 
analysis is then extended to describe an 
ideal pump in which multiple stages are 
connected by partially-heat-sunk vortex 
tubes an~ the flows in the tubes are highly 
turbulent. 

Next, an effective thermal conductivity 
is introduced to account for the heat car­
ried by the viscous leakage of normal (non­
superfluid) helium backward through the 
pores of the plug(s). The equations of the 
ideal single- and multiple-stage pumps are 
modified to include this effect. The result­
ing equations can be used to calculate var­
ious measures of performance of a leaky 
fountain-effect pump; e.g., pressure head 
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as a function of mass-flow rate, hydro­
thermodynamic efficiency, and transfer ef­
fectiveness (the fraction of pumped mass 
remaining after a portion has been evapo­
rated to keep the process at constant tem­
perature). The following conclusions can 
be drawn from the eqJations: 
• The pressure head decreases monotoni­

cally with increasing rate of flO#. 
• The pressure head and rate of flow of a 

leaky pump are always less than those of 
an ideal PUIll>. 

• Mlow rates of flcl'.N, multistage pumps give 
higher pressure heads than do single­
stage pumps. M high rates of flow, single­
stage pumps give higher pressure heads. 

• The performance of a fountain-effect PUIll> 
improves dramatically as its temperatures 
decrease. 

This vvork was done by Peter Kittel of 
Ames Research Center. To obtain a copy 
of the repJrt, "Operating Characteristics of 
Isocaloric Fountain-Effect Pumps," Circle 
159 on the TSP Request Card. 
ARC-11850 

Astrometric Telescope 
Facility for the 
Space Station 
The telescope would be 
used to detect planets 
outside the solar system. 

A paper discusses the proposed Astro­
metric Telescope Facility, which would be 
installed on the Space Station to study the 
motions of stars other than the Sun and 
thereby possibly detect planets around 
them. The measurements are expected to 
verify, modify, or refute current theories 
about accretion of interplanetary clouds in­
to stars and planets. They may also help to 
answer the questioo "Are we unique, alone?" 

In addition, the Astrometric Telescope 
would measure motions and distances be­
tween stars and star clusters in nearby 
galaxies and in our own galaxy. 

The facility would be constructed in 
three parts that could be placed in orbit by 
a single Space Shuttle mission. It could be 

assembled in the service bay of the Space 
Station, then moved and attached to the 
coarse pointing system or asserrbled di­
rectly on the coarse pointing system. It 
would be controlled from the Earth, requir­
ing only maintenance and repairs by the 
Space Station crew. 

The system would consist of six subsys­
tems (optics, structure, thermal control, 
command and data, pointing and control, 
and power and hamess) in addition to the 
focal-plane instrument composed of a 
Ronchi ruling and drive assembly, folding 
and field optics, multichannel astrometric 
photometer, and visible imager. These 
elements would be able to measure the rel­
ative motions of stars with an accuracy of 
10 microarcseconds. 

Raw data from the system would normal­
ly be transmitted to the ground for proc­
essing. However, there may be intervals 
of several weeks when the Space Station 
would not provide the necessary data­
transmission capacity of 1. 75 megabits per 
second. When this happens, a computer 
on the Space Station would reduce the 
data. 

The image of a star field would be fo­
cused on the Ronchi ruling by the parabo­
loidal primary mirror of the telescope. The 
ruling would modulate the image. A diago­
nal mirror would direct the modulated light 
to the side of the telescope tube, where a 
relay-lens assembly would magnify the im­
age from 5 to 12.5 cm, to make it large 
enough for the 32 movable pickups of the 
multichannel astrometric photometer. 

According to a preliminary analysis, the 
viewing required for the detection of 
planets can be accomplished in about two­
thirds the total time available for viewing. 
This would leave about 2,000 hours per 
year for other astrophysical investigations. 
The system would be designed for a life­
time of 20 years, with maintenance by the 
Space Station crew at intervals of 5 years. 

This vvork was done by K. Nishioka, J. 
Scargle, and J. Givens of Ames Research 
Center. To obtain a copy of the report, "An 
Astrometric Facility for Planetary Detec­
tion on the Space Station," Circle 158 on 
the TSP Request Card. ARC-11B42 

Eagle found the answer. 
Actually, they started working on the answers to our 
sta inless steel tubing problem before we had even 
started to formulate the questions. 

EAGLE STAINLESS TUBE CORP. 
10 Discovery Way • Franklin Industrial R::lr1< 

P. O. Box 596 • Franklin, MA 02038 

Circle Re.der Action No. 386 

1-800-528-8650 
FAX: 508-520-1954 
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TDU-1200F 

We're widening the 
scope of hard copy 
recording. 
Raytheon has added a series of wide "flatbed" models to 
its quality line of thennal hard copy recorders . The new 
TDU-1950FandTDU-1200Funits, in 19.5 inch (49 .5 cm) 
and 12 inch (30 cm) configuration , respectively, provide 
enhanced vertical integration of data for a broad range of 
specialized applications. 

The flatbed models join Raytheon's established family of 
"free fall " thenna! recorders - theTDU-850, with an 8.5 
inch (21 cm) printing width, and theTDU-1200, witha 12 
inch (30 cm) pri.1ting width. 

Raytheon's thennal recorders produce high resolution 
copy at high speed and can generate full tonal images up 
to 256 multi-shade levels of true grey. Alternately, they 
can display digital data in crisp graphic or alphanumeric 
fonn using an optional IEEE 488 interface. 

'll'aditional u es include CRT hard copy, military surveil­
lance, spectrum analysis, LOFAR gram displays, ultra­
sonic production control, and facsimile transmissions . 
New and evolving applications include support for 
computer assembly te ting and chromosome analysis 
in genetic research . 

TDU's print on paper, plastics or transparencies . They 
feature clean , odor-free, maintenance-free operation. 

Make hard copy easy with today's most versatile and 
reasonably priced thermal recorders. Call or write 
Marketing Manager, Production Components, 
Raytheon Company, Submarine Signal Division, 
1847 West Main Road, Portsmouth, RI, USA 
02871·1087. Phone401847·8000. 

Raytheon 
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~ Enhancement of Pt/Sn02 Catalysts by Addition of H20 
Water vapor in pretreatment gas restores essential hydroxyl groups. 

Langley Research Center, Hampton, Virginia 
power CO2 lasers for industrial and scien­
tific uses. Platinum on tin oxide (PtlSno~ is a good 

catalyst for the oxidation of carbon monox­
ide (CO) at temperatures from about 25 OC 
to 100 OC. The activity of PtlSn02 for CO ox­
idation is Significantly enhanced by pre­
treating it at approximately 225°C with a 
reducing gas such as CO. However, such 
pretreatment frequently causes an initial 
dip in the activity of the catalyst before 
the enhanced steady-state activity is 
achieved, as shown in the figure. 

The initial dip in the activity of the 
catalyst is caused by dehydration of the 
surface of the catalyst during the pretreat­
ment. Dehydration converts reactive hy­
droxyl (OH) groups on the surface to less 
reactive doubly-bonded oxygen atoms. 
The dQlMlward portion of the dip shows the 
initial loss in catalyst activity as the few re­
maining hydroxyl groups are used up. The 
ensuing upward portion results from re­
hydration of the surface by migration of 
Hp (or OH) from the bulk of the catalyst. 

The dip in the activity of the catalyst can 
be eliminated by rehydrating the catalyst 
prior to use. The rehydration is accom­
plished by exposing the catalyst to a hu­
midified inert gas between pretreatment 
and exposure to the CO/02 reaction mix­
ture or by humidifying the reaction mixture 
itself. 

As the figure also shows, the humidifica-

tion of the catalyst not only eliminates th~ 
initial dip in activitiy but also enhances the 
steady-state activity as well . The possibility 
that these observations apply to other 
noble-metallreducible-oxide catalysts is 
currently being investigated. Such cata­
lysts are needed to maintain high output in 
CO2 lasers and are, therefore, of great 
technological importance. This technique 
would be useful in the manufacture of high-

This work was done by David R. Schryer 
and Barry D. Sidney of Langley Research 
Center; John D. Van Norman, Kenneth G. 
Brown, and Jacqueline Schryer of Old 
Dominion Research Foundation and Billy 
T. Upchurch of Science and Technology 
Corp. No further documentation is 
available. 
LAR-14084 
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Catalyst with humidified gas results in an Improvement in the ac­
tivity of the catalyst, as manifested in the yield of CO2 in the catalyzed reaction between CO 
and 0 2' 

~ High-Temperature Polyimide Resin 
This material combines thermo-oxidative stability with autoclave processability. 

Lewis Research Center, Cleveland, Ohio 

M improved polyimide resin can be used 
at continuous temperatures up to 700 OF 
(371 OC) -100 OF (56 OC) higher than previ­
ously possible with autoclavable resins. 
The material, PMR·II-50, serves as a matrix 
for fiber-reinforced composites. 

With its high temperature rating, the ma­
terial can be used in such turbine engine 
components as air-bypass ducts, vanes, 
bearings, and nozzle flaps. Other potential 
applications include wing and fuselage 
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skins on high-mach-number aircraft and 
automotive engine blocks and pistons. 

PMR-II-50 is based on PMR-II resin, 
which was introduced in 1976. In the older 
material, thermo-oxidative stability was 
sacrificed for processability so that parts 
could be formed from the material in an 
autoclave. In the new material, a high-mo­
lecular-weight prepolymer is used to en­
sure thermo-oxidative stability in the 
finished product. Moreover, the prepoly-

mer cures by an addition reaction and thus 
readily yields void-free parts after process­
ing in an autoclave. 

The new resin is available flOOl two c0m­
mercial suppliers. N. $400 per pound (1988 
prices), it costs about three times as much 
as do PMR-15 resins. 

This 'WOrk was done by Raymond ' D. 
Vanucci and Diane C. Malarik of Lewis Re­
search Center. For further information, 
Circle 65 on the TSP Request Card. 
LEW-14923 
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LARC·I·TPI: a New Thermoplastic Polyimide 
Improved properties enhance usability as an adhesive or in composite matrices. 
Langley Research Center, Hampton, Virginia should be addressed to the Patent 

Counsel, Langley Research Center [see 
page 16}. Refer to LAR-14101. 

"LARC-I-TPI " denotes an improved ver­
sion of the lARC-TPI class of thermoplastic 
poIyimides, which are high-performance 
polymers developed for the manufacture 
of strong, lightweight aircraft structures. 
The melt-flow and adhesive properties of 
the new polymers make them attractive for 
use as matrix resins for composites, mold­
ing powders, adhesives, and coating films. 
The new polymers are also less toxic: un­
like the polymers of the original version, the 
improved LARC+TPI polymers are formu­
lated without 3,3'-<:Iiaminobenzophenone, 
which is mutagenic and commercially un­
available. 

The original LARC-TPI polymers have un­
dersirably broad distributions of molecular 
weights and contain amine and anhydride 
functional end groups; these features re­
sult in poor molding properties and low 
melt stability. The LARCHPI polymers (see 
figure) are high-molecular-weight 4,4 '-i80-
pthaloyldiphthalic anhydride-metaphenyl­
enediamine polymides, the molecular 
weights of which are controlled through 
selective end-capping to improve their ad­
hesive and melt-flow properties. An L.ARC­
I-TPI polymer is readily synthesized from 
the isopthaloyldiphthalic anhydride mono­
mer (which is, itself, readily synthesized 
and inexpensive) and metaphenylene­
diamine (which is commercially available, 
nonmutagenic, and only slightly toxic). 

The LARCHPI polyimides have glass­
transition temperatures, film-forming abili­
ties, solubilities, and isothermal thermo­
gravimetric weight losses similar to those 
of the original LARC-TPI. However, by pre­
paring LARCHPI polyimides with suitable 
end-capped and non-end-capped compo­
nents, one can obtain composite-matrix 
resins, neat-resin moldings, and coating 
films that have properties identical or 
superior to those of the original lARC-TPI 
poIyimides. 

In experiments LARC-I-TPI polyimides of 
both end-capped and non-end-capped ver­
sions were dissolved in dimethyl aceta­
mide, and the resulting solutions used to 
coat graphite fibers. Mer drying at a tem­
perature of 175 °e, the coated fibers were 
consolidated into fiberlmatrix composites 
at 350 OC under a pressure of 300 psi (2 
MPa). The end-capped version exhibited 
superior melt flow. In other experiments, 
films, adhesives, and adhesive tapes were 
prepared. 

This work was done by Terry L St. Oair 
and Donald J. Progar of Langley Re· 
search Center and J. Richard Pratt of 
PRC, Inc. For further information, Circle 
163 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
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concerning nonexclusive or exclusive 
license for its commercial development 

OLD: LARC·TPI 

NEW: LARC·I·TPI 

The LARC·I·TPI Polylmldes are isomers of the original LARC-TPI polyimides. The newer 
LARCI-TPI polyimides are made from less-toxic ingredients and have better and more con­
trollable processing properties. 

ALGOR FEA-Design 
and Stress Analysis $889* 
For 286 or 386 desktop computers 

• Finite Elements: truss, beam, 2-D solid, 3-D 
solid, membrane, plate/shell, pipe, boundary, 
rigid link, non-linear gap, thin and thick shelV 
plate composites. 

• Stress Analysis: point load, pressure, tem­
perature, accelerations, centrifugal loads, 
deflections. 

• Dynamic Analysis: mode shapes, frequen­
cies, time stress history, resp'onse spectrum, 
direct integration, random Vibration. 

• Heat Transfer Analysis: 2-0/3-0 conduction, 
convection, radiation, heat source. tempera­
ture, steady state and transient. 

• Graphics: 3-D models; hidden line removal ; 
1i9ht source shading animation; stress, 
displacement, temperature and flux contours 
w/optional shading; deformations; pan; zoom; 
node/element numbers; color. 

• Modeling: 2-0/3-0 mesh, cylinders, extru­
sions profile-path, warped surfaces; bound­
aries, loads, materials. SUPERDRAW II and 
parametric model generation. 

* Full Capability, no size restrictions: 3-D 
drawing, Computer Aided Design, solid 
modeling, deSign visualization, finite element 
stress analysis, and graphic post-processing. 

GSA Contract HGSOOK89AGS6270 

Design the 
future with 
Algor. 
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software in the world! 
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~J Reducing Run-in Wear of Ceramic-Based Coatings 
A silver surface layer helps a rough ceramic slide smoothly. 
Lewis Research Center, Cleveland, Ohio 

A thin film of silver applied over the finish 
ground surface of a plasma-sprayed, me­
taVceramic solid lubricant coating signifi­
cantly reduces the wear of counterface 
materials during initial break-in or run-in 
sliding. 

The film is magnetron-sputtered onto 
PS200, a self-lubricating composite coat­
ing that contains a mixture of chromium 
carbide, silver, and barium fluoride/calci­
um fluoride eutectic. The carbide in PS200 
provides wear resistance, while the silver 
and fluorides provide lubrication. The silver 
in the coating is a good low-temperature 
lubricant because of its low shear strength, 
and the fluoride eutectic, which undergoes 
a brittle to ductile transition at tempera­
tures above 5OO"C, provides high-temper­
ature lubrication. Thus, the PS200 coating 
is intrinsically lubricious from room tem­
perature to about 900 °C. However, the 
PS200 coating exhibits high counterface 
wear during an initial run-in period of 
sliding. By applying additional silver as a 
sputtered top coat over the PS200, the ini­
tial counterface wear is dramatically re­
duced. Also, because both the silver top 
coat and PS200 are thermally and chemi­
cally stable in oxidizing and reducing en­
vironments to 900 °C, the combination is 
appropriate as lubrication for cylinder­
walVpiston-ring contacts in Stirling engines 
and for backup lubrication for gas lubri­
cated journal bearings. These two applica­
tions have been successfully tested at 
Lewis Research Center. 

In the current research program, silver 
films of various thicknesses were sput­
tered onto PS2OO-coated test disks. The 
disks were tested in a pin-on-disk tribe­
meter. Friction and wear were measured 
at temperatures of 700, 350, and 25°C in a 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is Cited; otherwise 
they are available from the National 
Technical Information Service. 

Polymeric Additives for 
Graphite/Epoxy Composites 

Brominated additives 
can improve mechanical 
properties. 

A report describes experimental studies 
of the properties of several graphitelepoxy 
composites that contain polymeric addi­
tives as flexibilizing or toughening agents. It 
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The Pin-Wear Volume is reduced by more than half when the disk is lubricated with a layer of 
silver 1,000 A thick. These data were taken at a sliding speed of 2.7 mls and a force of 4.9 N be­
tween the pin and the disk. 

helium atmosphere. Films between 1,CXXl 
and 1,500 A thick were found to provide the 
best lubrication of the counterface (pin) 
material (see figure). In this application, the 
additional silver film acts as a break -in lubri­
cant, reducing the initial abrasivity of the 
finish gound coating to the metallic coun­
terface (pin) material. 

This work was done by Christopher 
Del/aGorte, Harold E. Sliney, and Daniel L 
Deadmore of Lewis Research Center. 

emphasizes the effects of brominated 
polymeric additives (SPA's) with or without 
carboxy-terminated butadiene acrylonitrile 
rubber. (SPA's are of interest because bro­
mine introduces flame retardancy.) The re­
port reviews the effects of individual and 
combined additives on the fracture tough­
nesses, environmental stabilities, hotfoNet 
strengths, thermomechanical behaviors, 
and other mechanical properties of the 
composites. 

The experimental data lead to the 
following conclusions, among others: 
• With or without rubber added, the higher 

the molecular weight of the SPA, the more 
deterioration of mechanical properties is 
observed. 

• The lower the molecular weight of a SPA, 
the lower is its thermal stability in the un-

Further information may be found in NASA 
TM-1oo783 [NB8-15885]. "Sputtered Silver 
Films To Improve Chromium Carbide 
Based Solid Lubricant Coatings for Use Up 
to goo0c." 

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 (BOO) 3364700. LEW-14834 

cured state. However, once a SPA is com­
bined in an expoxy polymeric matrix, the 
molecular structure of the epoxy and the 
ratios between the aromatic and aliphatic 
constituents of the three-dimensional 
cured polymer network dominate the ther­
mal stability. 

• SPA's that have been prereacted with 
carboxy-terminated butadiene acryloni­
trile (CTSN) rubber increase the impact 
strengths of composites. 

• The introduction of SPA's into composites 
that contain CTSN seems to increase 
shear strengths. An optimum formulation 
for this purpose contains 8 to 19 percent 
CTSN and 19 percent bromine. 

• Although SPA's increase the flexural 
moduli of composites, they seem to de­
crease slightly the flexural strengths and 
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fracture energies of the composites in 
com~rison with time of composites that 
contain only CTBN rubber ac:tlitives. 

This work was done by D. A Kourtides 
of Ames Research Center and Z. Nir of 
Makhteshim Olemical Works. To obtain a 
copy of the report, "A Review of Polymeric 
Additives Used for Toughening of Graphite 
Composites," Circle 110 on the TSP Re­
quest Card. 

This invention has been patented by 
NASA (U.S. Patent No. 4,550,129). In­
quiries concerning nonexclusive or ex­
clusive license for its commercial de­
velopment should be addressed to the Pa­
tent Counsel, Ames Research Center [see 
page 16]. Refer to ARC-11427. 

Flber·Relnforced 
Superalloys for 
Rocket Engines 

Features include increased 
service lives and 
higher allowable 
operating temperatures. 

A report discusses experimental studies 
of fiber-reinforced superalloy (FRS) com­
posite materials for use in turbine blades in 
rocket engines. The FRS composites are 
intended to withstand extreme conditions 
of high temperature, thermal shock, at-
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mospheres that contain hydrogen, high cy­
cle fatigue loading, and thermal fatigue, all 
of which tax the c~IIities of even the 
most-advanced current blade material­
directionally-solidified, hafnium-modified 
MAR M-246 [MAR M-246 (Hf) (OS)). 

Tungsten·alloy wire was selected as the 
reinforcing fiber for the composites. Three 
iron-base alloys (Incoioy* 003, FeCrAlY, 
and 316L stainless steeQ and the nickel­
base superalloy Waspaloywere chosen as 
matrix materials. Monofilament tapes of 40 
volume percent fibers were made by arc 
spraying. The tapes were hot-pressed into 
composite panels 50 mm wide, 150 mm 
long, and 1.5 mm thick, with the fibers 
parallel to the length. 

The composite ~nels were subjected 
to tensile, thermal·shock, thermal-fatigue, 
low- and high-cyc!e-fatigue, and embrittle­
ment-by-hydrogen tests. The estimated 
and measured behaviors of the compos­
ites were contrasted with that of MAR 
M-246 (Hf) (OS) at a temperature of 870 OC. 
In addition, the properties of the com­
pOSites intended for use in advanced 
rocket engines (which are slightly different 
from the Cot1lX>Sites tested here) were 
projected for 1,100 OC from the results of 
these tests. 

On the basis of the projections it was 
concluded that FRS turbine blades offer 
the potential of operating lives of the order 
of 1,(XX) times those of MAR M-246 (Hf) 
(OS) blades, as well as the capability to 
operate 200 OC hotter. In addition, the FRS 
blades are expected to undergo smaller 
strains induced by thermal transients dur­
ing the starting and stopping of engines. 

The following other conclusions were 
also drawn: 
• The resistances of FRS composites to 

thermal shocks are two to nine times that 
of MAR M-246 (Hf) (OS). 

• The resistances of FRS composites to 
thermal fatigue equal or exceed that of 
MAR M-246 (Hf) (OS). 

• The tensile and cycle fatigue strengths of 
the FRS composites equal or exceed 
those previously estimated. 

• Prior damage by thermal shock has 
negligible influence on the cycle fatigue 
behavior of FRS composites. 

• The FRS Cot1lX>Sites exhibit negligible em­
brittlement when exposed to h~rogen at 
a pressure of 6.9 MPa. 

• No ductile-to-brittle transition is observed 
in FRS Cot1lX>Sites at temperatures from 
-196 to 1,100 OC. 

Thus, the FRS composites have an attrac­
tive combination of properties for use In the 
turbopump blades of advanced rocket en­
gines attemperatures from 870 to 1,100 OC. 
* "lncoIC7f" is a registered trademark of the 
Inco family of companies. 

This work was done by Jack R. Lewis 
and Jim L. Yuen of Rocf<v.lell International 
in cooperation with Donald W. Petrasek 
and Joseph R. Stephens of lewis R. 

search Cent ... Further information may 
be found in NASA TM-100B80[N~15000], 
"Fiber Reinforced Superalloys for Rocket 
Engines." 

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 (BOO) 3364700. 
LEW-14871 

High·Temperature Creep 
Behavior of Fiber· 
Reinforced Niobium 

Tungsten fibers reduce 
creep and mass in 
advanced power systems. 

Reinforcing niobium alloys with tung­
sten fibers increases their resistances to 
creep by factors of as much as 10, a study 
has found. The study, conducted to deter­
mine the feasibility of using the composite 
materials in advanced space power sys­
tems, is described in a 22-page report. 
Such systems require a service life of 
greater than 7 years in the presence of liq­
uid alkali metals at temperatures above 
1,350 K. Under these conditions, long-term 
resistance to creep is a prime concern. 

The materials tested were niobium and 
niobium with 1 percent zirconium, both re­
inforced with unidirectional tungsten fibers. 
Specimens of these composites were 
made by arc spraying the niobium alloys 
onto a single row of fibers to proouce a 
tape, followed by hot isostatic pressing of 
several layers of tape to proouce a panel. 
Microscopic examinations showed that 
there was little or no adverse chemical 
reaction between the tungsten fiber and 
niobium matrix. 

The composite specimens were tested 
in vacuum at 1,400 and 1,500 K, in tension 
along the fiber axes. When each specimen 
ruptured, it triggered a switch, and the time 
to rupture was recorded automatically. 
(Tungsten fibers were also tested in this 
manner.) The creep strain of each compos­
ite specimen was determined by using a 
cathetometer to measure the increase in 
distance between two marks. 

The creep behavior of the composite 
materials could be described by an empiri­
cal power-law equation, in which the rate of 
creep is proportional to the nth power of 
the stress on the reinforcing fibers and is 
inversely proportional to the nth power of 
the fiber content, where n typically ranges 
from 5 to 6. The minimum rate of creep is 
inversely proportional to the time to rupture 
of the composite. 

The composites are heavier than are 
unreinforced niobium or niobium with 1 
percent zirconium. However, the high-tem­
perature creep strengths per unit density 
of the compoSites are greater than those of 
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the unreinforced alloys by an order of 
magnitude. Thus, thinner sections of the 
compos~es can be substituted for unrein­
forced material in power systems, with 
significant decreases in mass and creep at 
high temperatures. Alternately, the poten­
tial for Increased service temperature of 
components can be considered. 

This work was done by Donald W 
Petrasek and Robert H. Titran of lewis 
Research Center. Further information 
may be found in NASA TM-100004 [NaB-
18707], "Creep Behavior of Tungstenl 
Niobium and TungstenINiobium-1 Percent 
Zirconium Composites." 

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) 3364700. 
LEW-14831 

Stability of a Carbon­
Dioxide-Removing Resin 
Trimethylamine, which is 
toxic, is emitted in small 
amounts during desorption. 

A report describes experiments to de­
termine the long-term chemical stability of 
IRA-45, a commercial ion-exchange resin 
that Is a candidate for use in removing CO2 
from the atmosphere of the Space Station. 
In the proposed system, the cabin air 
would be passed through the resin, and the 
acidic CO2 would be absorbed by weakly­
basic hydrated diethylenetriamine bonded 
to the porous resin substrate. When the 
resin had adsorbed all the CO2 that it could, 
it would be disconnected from the air­
stream and heated with steam to desorb 
the C02' The resin could than be reused. 

The experiments were conducted in an 
automated laboratory flow-test facility 
designed to simulate the cond~ions in the 
cabin of the Space Station. Packed col­
umns of the resin were tested for 569 ab­
sorption/desorption cycles to determine 
the decrease in capacity for the absorption 
of CO2 and the amounts and kinds of 
volatile organic compounds released from 
the resin during heating by steam, both as 
functions of the number of cycles. The ca­
pacity for CO2 was measured in real time 
during each cycle. Organic volatiles in the 
CO2 desorbed from the resin were trapped 
on graph~ic carbon adoorbents. The trapped 
volatiles were analyzed by gas chromatog­
raphy and mass spectrometry. 

The capacity of the resin for absorption 
of CO2 decreased gradually mh time, but 
the rate of decrease also decreased signif­
icantly. After a 43-percent loss of capacity 
during the first ten or so cycles, the addi­
tionalloss during the remaining cycles was 
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only 2.7 percent. 
A total of 36 organic chemicals were 

found in the desorbed C02' and seven of 
these were found in the process air. Those 
emitted during the early cycles were pre­
sumed to be contaminants, while those 
emitted during the later cycles were as­
sumed to result from breakdown of the 
resin. During the first 80 cycles, trimethyla­
mine was present in the process air down­
stream of the resin bed in concentrations 
at or above the maximum allowable for the 
spacecraft. Because trimethylamine was 
still present after 569 cycles, ~ is believed 
to be a principal product of the breakdown 

of the resin. It could be removed by post­
treating the process air with phosphoric 
acid on charcoal. The other chemicals 
could be removed by the trace-contami­
nant-control subsystem of the Space Sta­
tion. 

This work was done by Theodore 
WytIeven of Ames Research Center and 
Peter Wood of San Jose State University. 
To obtain a copy of the report, "Stability of 
IRA-45 Solid Amine Resin as a Function of 
Carbon Dioxide ,Absorption and Steam De­
sorption Cycling," Circle 152 on the TSP 
Request Carel. 
ARC-12129 
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COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage­

ment and Information Center, distributes software 
developed with NASA funding to Industry, other 
govemment agencies and academia 

COSMIC's Inventory Is updated regularty; new 
programs are reported In Tech Briefs. For addition· 
aI information on any of the programs described 
here, circle the appropriate TSP number. 

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

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

Physical SCiences 

Primavera introduces some important 
new project management terminology. 

Primavera Project Planner® 4.0 works like you think. Visually. Graphically. 
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review of programs In your area of Interest. You 
can also purchase the annual COSMIC Sohware 
Catalog, containing descriptions and ordering in­
formation for available software. 

COSMIC is part of NASA's Technology Utiliza­
tion Network 

COSMI - John A. Gibson, Director, 
(404) 542-3265 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

Birefringent·Filter Model 

An interactive computer 
program aids in the design 
of solid-state lasers. 

Birefringent filters are often used to nar­
row spectral lines (that is, as band-pass 
filters) in solid-state lasers. The Birefringent 
Filter Mooel computer program imple­
ments a stand-alone mathematical mooel 
of a birefringent filter for use in the design 
and analysis of a birefringent filter. It was 
originally developed to aid in the design of 
solid-state lasers to be used on aircraft or 
spacecraft in remote sensing of the atmos­
phere. The mooel is general enough to en­
able the user to address such problems as 
temperature-stability requirements, manu· 
facturing tolerances, and alignment toler­
ances. 

The input parameters for the program 
are divided into seven groups: (1) general 
parameters that refer to all elements of the 
filter; (2) parameters related to wavelength; 
(3) filter, coating, and orientation parame­
ters; (4) parameters of input rays; (5) speci­
fications of output devices; (6) parameters 
related to components; and (J) parameters 
of transmission profiles. The program can 
analyze a birefringent filter with as many as 
12 different components, which may in­
clude polarizers and Brewster-angle 
plates, and can calculate the transmission 
and summary parameters for multiple 
passes as well as for a single pass through 
the filter. 

The Jones matrix, which is calculated 
from the input parameters of groups 1 
through 4, is used to calculate the trans­
mission, Output files containing the calcu­
lated transmission or the calculated Jones 
matrix as a function of wavelength can be 
created. These output files can then be 
used as inputs for programs written by the 
user. For example, to plot the transmission 
or to calculate the eigentransmittances 
and the corresponding eigenpolarizations 
for the Jones matrix, the appropriate data 
are written to a file. 

The Birefringent Filter Mooel program is 
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written in Microsoft FORTRAN 2.0. The for­
mat of the program is interactive. It was 
developed on an IBM PC XT equi~ with 
an 8087 math coprocessor and has a cen­
tral-memory requirement of approximately 
154K. Since Microsoft FORTRAN 2.0 does 
not support complex arithmetic, matrix 
routines for addition , subtraction, and 
multiplication of complex, double-precision 
variables are included. The Birefringent 
Filter Model program was written in 1987. 

This program was written by Patricia L 
Cross and Clayton H. Bair of Langley Re­
search Center. For further information, 
Circle 106 on the TSP Request card. 
LAR-13945 

G Mathematics and 
~ Information SCiences 

Managing Information 
on Costs 
A mathematical model of 
costs incorporates flexibility 
and many capabilities. 

The Cost Management Model, CMM, is 
a software tool for planning, tracking, and 
reporting costs and information related to 
costs. The model is capable of estimating 
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costs, comparing estimated costs to ac­
tual costs, reporting costs, performing 
"what-if" analyses on estimates of costs, 
and providing a mechanism to maintain 
data on costs in a format oriented to 
management. A number of supportive cost 
methods are built in: escalation rates, 
production-learning curves, activity/event 
schedules, unit production schedules, a 
set of spread distributions, tables of rates 
and factors defined by the user, and a full 
arithmetic capability. Import/export capa­
bility is also possible with the 20/20 Spread­
sheet available on Data General equip­
ment. 

The user provides names to files, cost 
elements, cases, ard reports. The user 
must also determine the structures of files, 
reports, and cost-element hierarchies. 
Data and output can be reviewed without 
having to make printouts to enable focus 
on the analysis of data. 

The user puts data into two modules. 
One module is the Input Processor, which 
accepts the rates, factors, and tabular 
data; the other is the Cost Input Processor, 
in which the user enters costs and builds 
the costing structure with algorithms. The 
main module runs the cases set up by the 
user with little interaction with the user, and 
the Report Writer enables the user to gain 
access to the data files produced during 
the run and to assemble the data into re­
ports for printing. There are three major 

Circle Reader Action No. 323 

categories of reports: cost by time, cost by 
unit, and cost by unit by time. 

CMM is a software tool that requires a 
competent analyst for effective applica­
tion. The relationship between cost ele­
ments and other elements and the interre­
lationships between the characteristics of 
cost elements must be understood for ef­
fective use of the model. Incorporation of 
many capabilities and flexibility for the user 
has also resulted in a fairly complex model. 
That complexity has been substantially off­
set by providing the user with a "user­
friendly" screen-input system. CMM pro­
vides a "starter set" of case selection, in­
put files, and output reports. 

The CMM program requires the AOSNS 
operating system available on the Data 
General MV series computers. The pro­
gram is written mainly in FORTRAN 77 but 
uses SGU (Screen Generation Utility). The 
user must have a Data General package, 
PRESENT, as the Report Writer module if 
CMM is used for reports. The user must 
have at least 10,000 free blocks before at­
taching CM M to the I D. The host user must 
have approximately 100,000 blocks free to 
attach the entire contents of the tape. 
CMM was developed in 1988. 

This program was written by Zoe A. 
Taulbee of ECON, Inc., for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 66 on the TSP Request Card. 
MFS-28361 
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Managing Mobile/Satellite 
Propagation Data 

Data from experiments are 
converted into standard 
and more useful forms, 

The "Data Management System for 
Mobile Satellite Propagation" software 
package is a collection of FORTRAN pro­
grams and UNIX shell scripts designed to 
handle the huge amounts of data resulting 
from mobile/satellite radio-propagation ex­
periments. These experiments are designed 
to assist in defining channels for mobile/ 
satellite radio-communication systems. By 
understanding multipath-fading character­
isties of a channel, Doppler effects, and 
blockage due to artificial objects as well as 
natural surroundings, the channel can be 
characterized. Experiments in propagation 
are then performed, using a prototype of 
the system that simulates the ultimate prod­
uct environment. After the data from these 
experiments are generated, the researcher 
must gain access to these data with a min~ 
mum of effort and use the data to derive 
some standard results. 

The programs included in this software 
package manipulate the data files gener­
ated by the N.ASAJJPL MobIle Satellite prop­
agation exper'ment on an interactive basis. 
In the experiment, a transmitter operating at 

869 MHz was carried to an altitude of 32 km 
by a balloon. A vehicle within the line of sight 
of the transmitter was then driven around, 
sPitting the incoming signal into in-phase 
and ~drature channels and sarTl'Iing the 
strength of the resulting signal1,CXXl times 
per second. The data were collected at 
various antenna-elevation angles and dif­
ferent times of day. The angles and times of 
day constitute ancillary data. 

This software package contains a pro­
gram to convert the binary format of the 
data into standard ASCII format suitable for 
use with a wide variety of computing-ma­
chine architectures. Also included is a 
UNIX shell script designed to parse this 
ASCII file into those records of data that 
match the r9$9archer's desired values for 
the ancillary-data parameters. In addition, 
four FORTRAN programs are included to 
obtain standard quantities from the data. 
Such quantities as the probability of signal 
level greater than or equal to a specified 
signal level, probability densities of the 
signal levels, frequency of duration of fade, 
and Fourier transforms of the sampled 
data can be generated from the data from 
the experiment on propagation. 

All programs in this package are written 
in either FORTRAN 77 or UNIX shell 
scripts. The programs were aeveloped in 
1987 for use with a UNIX operating system 
on a DEC MicroVAX computer. 

Floating Point Array Processor 
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desktop computing with IBM 
PC, XT, AT and other com­
patibles. 

• Ideal for image process ing. 
neural networks, seismic analy­
sis, surface defect detection and 
vibration analysis. 

• Saves time writing pro­
grams. Includes 'Tool Box' 

Library of 473 powerful mi­
cro-coded functions and pre­
wrillen support routines. 

• Accelerates compute-bound 
C, Fortran or Pascal program 
with a processing rate of 12.5 
MFlops per PLl250 ... Run time 
software supports up to eight 
PLl250s running in parallel 
within a single PC providing 
100 MFlops performance. 

• The PLl250 with software ... 
$2,695. 

~~~tjM 
:;z~ 
1247 Tamarisk Lane 
Boulder City, NY 89005 
(702) 294-1051 

1-800-888-1119 

Circle Reader Action No. 675 

This program ~s written by Anil V. Kantak 
of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
11 on the TSP Request Card. 
NPO-17269 

Cumulative Poisson 
Distribution Program 

Overflow and underflow in 
sums is prevented. 

The Cumulative Poisson Distribution 
Program, CUMPOIS, is one of two comput­
er programs that make calculations involv­
ing cumulative Poisson distributions. Both 
programs, CUMPOIS (NPO-17714) and 
NEWfPOIS (NPO-17715), can be used in­
dependently of one another. CUMPOIS de­
termines the cumulative Poisson distribu­
tion, which can be used to evaluate the 
cumulative distribution function (edt) for r 
distributions with integer shape parame­
ters and the edt for X2 distributions with 
even degrees of freedom. It can be used by 
statisticians and others concerned with 
probabilities of independent events occur­
ring over specific units of time, area, or 
volume. 

CUMPOIS calculates the probability 
that n or fewer events O.e., cumulative) will 
occur within any unit when the expected 
number of events is given as .t Normally, 
this probability is calculated by a direct 
summation, from i = 0 to n, of terms that 
involve the exponential function, A, and in­
verse factorials. This approach, however, 
eventually fails because of underflow for 
sufficiently large values of n. In addition, 
when an exponential term is moved out­
side of the summation for simplification, 
there is a risk that the terms remaining 
within the summation, and the summation 
itself, will overflow for certain values of i 
and A. CUMPOIS eliminates these possibili­
ties by multiplying an additional exponen­
tial factor into the summation terms and 
the partial sum whenever there is a threat 
of overflow or underflow. The reciprocal of 
this term is then multiplied by the com­
pleted sum to obtain the cumulative proba­
bility. 

The CUMPOIS program is written in C. It 
was developed on an IBM AT computer 
with a numeric coprocessor using Micro­
softCS.O. Because the source code is writ­
ten using standard C structures and func­
tions, it should compile correctly on most C 
compilers. The program format is interac­
tive, accepting A and n as Inputs. It has 
been implemented under DOS 3.2 and has 
a memory requirement of 26K. CUM POlS 
was developed in 1988. 

This program was written by Paul N. 
Bowerman, Ernest M. !:cheuer, and Robert 
NO/ty of Caltech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 151 on the TSP Request Card. 
NPO-17714 
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Silicon Nitride Balls for Cryogenic Bearings 
Resistance to wear is greater than that of 440C steel. 

Marshall Space Flight Center, Alabama 
Experiments have shown that the lives 

of ball bearings immersed in liquid nitrogen 
or liquid oxygen are increased significantly 
when the 440e steel balls (running on 440C 
steel races) are replaced by balls of silicon 
nitride. The silicon nitride ball material was 
developed previously for use at high tem­
peratures, where lubrication is poor or non­
existent. 

The wear lives of ball bearings in cryo­
genic environments are limited because 
cryogenic coolants provide little or no lu­
brication. In this respect, the operating 
conditions of such bearings are similar to 
those of bearings in hot environments. The 
low friction and resistance to wear of ce­
ramics makes them attractive as candi­
date materials for use in bearings, but the 
brittleness of most ceramics is a disadvan­
tage in applications in which high reliability 
is required. The silicon nitride balls are suit­
able for use in rolling bearings because, un­
like many other ceramics, the silicon ni-

tride of the grade used to make the balls 
(Norton grade N 08-1 00 or equivalent) fails 
by spalling rather than by fracturing. 

Prior to tests of full-scale ball bearings, 
the wear of bearing materials in liquid oxy­
gen was evaluated in a subscale testing rig 
that included a cone and three balls 0.5 in. 
(12.7 mm) in diameter to simulate the 
operation of the high-pressure-oxidizer tur­
bopump of the Space Shuttle main engine. 
The specimens were tested for 6 h at a 
maximum Hertzian stress of 450 kpsi (3.1 
GPa). The silicon nitride balls showed no 
measurable wear, indicating better re­
sistance to wear than that exhibited by 
balls of 440e steel. 

Silicon nitride balls 0.8125 in. (20.64 mm) 
in diameter for the thrust bearing of the 
low-pressure-oxidizer turbopump and 0.5 
in. (12.7 mm) in diameter for the turbine­
end bearing of the high-pressure-oxidizer 
turbopump of the Space Shuttle main en­
gine have been acquired. The thrust bear-

Improved Insert for Variable Mach Number 

Books and Reports 
73 Simulation of Turbulent, 

Oscillating Boundary Layer 
74 Simulated Hypersonic 

Flows About a Blunt Body 
74 Propagation of Pulse 

Vibrations in Large 
Structures 

ing was tested in liquid nitrogen, which was 
used because it is nonreactive and be­
cause its temperature, density, and viscosi­
ty are similar to those of liquid oxygen. The 
bearing completed 27,000 seconds of op­
eration under conditions representative of 
the environment in the low-pressure-oxidiz­
er turbopump in &minute duty cycles and 
in steady-state operation at high levels of 
thrust. The results of the test showed that 
the combination of the silicon nitride balls 
running against the 440e steel races had 
the best wear life of any bearing tested to 
date and that the ball material spalls 
without fracturing. Plans for future tests 
call for the use of liquid oxygen as the work­
ing fluid. 

This work was done by Myles F. Butner 
and Ullian W Ng of Rockwell International 
Corp. for Marshall Space Aight Center. 
No further documentation is available. 
MFS-29613 

A nozzle insert lowers a wind-tunnel mach number while maintaining excellent fl ow quality. 

Langley Research Center, Hampton, Virginia 
The Langley Research Center 8-ft 

(2.4m) HTST wind tunnel provides flight­
simulation conditions from mach 6 to 
mach 7 at altitudes of 80 to 130 kft (24.4 to 
39.6 km). With its large test section, it can 
accommodate full-scale, airframe-inte­
grated scramjet engines, missiles, and 
other components. However, these en­
gines and missiles operate over a large 
mach-number range beginning at approxi­
mately 4. A nozzle insert has been de­
signed to lower the mach number to this 
level without significant degradation of the 
uniformity of flow and without excessive 
loss of total pressure. 

This nozzle insert is actually an improve­
ment of a prior design that lowered the op­
erational mach number but degraded the 
quality of the flow to an unacceptable level. 
The essential components of the improved 
design (see figure) include a sonic first 
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throat, an expansion surface, a variable 
boundary-layer bleed, the insert itself, and 
the existing, unchanged, contour of the 
nozzle. The modification involves the crea­
tion of the secondary throat and the critical 

FIRST 
THROAT 

addition of a boundary-layer bleed path 
between the insert and the original tunnel 
wall. 

With this simple second minimum insert 
placed in the expansion region down-

Original Contour 
of Nozzle 

(/ 

The Second Minimum Insert lowers the operational mach number without significant deg­
radation of the properties of the flow. 

63 



stream of the first throat, wide ranges of 
decrease in the mach number were easily 
achieved. The insert has boundary-Iayer­
flow bleeds to stabilize the compression 
shock wave and to alleviate the strength of 
the turning shockwave system at the exit 
of the insert. 

The compression surface of the insert 
generates very strong shock waves and 
central mach disks; the reexpansion after 
the second (supersonic) throat helps to 
attenuate this shock-wave/mach-disk sys-

tern. In addition, the exit pressure of the 
boundary bleed is much higher than the 
static pressure of the nozzle and thus 
creates a large region of separated flow 
that gradually turns the expanding exit flow 

"from the insert. 
This design enables a quick change of 

mach number in an existing facility at rela­
tively low cost (less than one-tenth that of 
replacing the entire nozzle) and requires no 
special contouring of the existing nozzle. It 
represents a simple and cost-effective 

method of altering the mach number in any 
supersonic wind tunnel. 

This work was done by Richard L Puster 
of Langley Research Center. No further 
documentation is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
OJunsel, Langley Research Center [see 
page 16}. Refer to LAR-13548 

~J Double-Swivel Mechanism for Reliable Release 
This mechanism functions even if two out of three elements fail. 

64 

Advanced coating 
and laminating 

technology 
Rexham custom coats and 
laminates flexible films, foils, 
and papers for use in electronics, 
aerospace materials, repro­
graphics, and other high­
performance applications. 

You find resources developed 
during 30 years' work with high­
precision projects-
• Coating accuracy 

capabilities in the 
millionths 

Coatlng/Jaminating 
lines (4 plants) 
+ new plant (1990) 
Clean rooms 
(4 plants) 

+ new plant 

15 
2 

8 Class 10,000 
to Class 1,000 

2 Class 100 

• Clean room manufacturing 
• Sophisticated on-line quality 

inspection 
• Extensive analytical 

capabilities 

Call for our Creden­
tials Package. Complete 
confidentiality guaranteed. 

Rexham 
Industrial 
P.O. Box 368 
Matthews, NC 28106 
(704) 847-9171 

Coating laminating precision 
without compromise. 

Circle Reader Action No. 369 

Lyndon B. Johnson Space 

Center, Houston, Texas 

A double-swivel toggle mechanism re­
leases large, heavy objects reliably. The 
double-swiveling action of the mechanism 
ensures that it clears restraining pins upon 
release. 

An upper ball on the toggle fits in a ball 
socket on the object to be released while a 
lower ball fits in a ball-socket ring. Three 
pins retain the ring by its flange (see figure). 
When the time comes to release the ob-

R'ng 

AanosOfl 
RJng 

DETAIL OF DOUIILE-5WIYEl TOGGLE 

Pins Retain the Toggle and Its Load_ 
If a pin fails to withdraw at the desig­
nated time for releasing payload, the 
toggle swivels about its upper ball , and 
the ring swivels about the lower ball so 
that the ring flange clears the failed pin. 
The double-swiveling action ensures dis­
engagement even if two pins fail to 
withdraw. 

NASA Tech Briefs, July 1990 



ject, the pins are withdrawn by springs or 
pyrotechnic devices. 

Ordinarily, all three pins are withdrawn 
simultaneously, and the toggle and object 
are ejected by springs. If a malfunction oc­
curs, however, and one or two pins re­
main(s) in place, the toggle action still re­
leases the object. The toggle swivels so 
that it rotates clear of the unreleased pins. 
The lower ball cannot transmit a moment 

to the object that would cause the mecha­
nism to twist on the remaining pins and 
lock on them in a way that would prevent 
release. 

The pins are straight cylinders. They are 
not tapered at their tips, where they meet 
the toggle-ring flange . This provision 
eliminates forces that would tend to cause 
inadvertent or premature release. 

This work was done by Guy L. King and 

William C. Schneider of Johnson Space 
Center. For further information, Orcle 60 
on the TSP Request card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16}. Refer to MSC-21436 

Simulation of Unsteady, Viscous, Incompressible Flow 
Results of computations compare favorably with experiments. 

Ames Research Center, Moffett Field, California 
A method for the numerical solution of 

the Navier-8tokes equations of viscous, in­
compressible flow is developed based on 
the use of a fractional-step procedure. The 
method is accurate to second order in both 
space and time. 

The Navier-8tokes equations are put in 
integral form and discretized over finite 
volumes to yield a fully conservative sec­
ond-order scheme. Finite-volume discreti­
zation is preferred because it usually 
results in more accurate and stable solu­
tions for generalized coordinate systems, 
especially for meshes with clustered points 
and large curvature. Special care is given 
to satisfy the "geometrical conservation 
laws" to minimize the errors resulting from 
the spatial discretization. 

The numerical difficulties associated 
with the absence of a time derivative of the 
pressure in the equation of conservation of 
mass are handled by a fractional-step pro­
cedure. In each time step, the equations of 
conservation of momentum are solved for 
an approximate velocity field that does not 
satisfy the equation of continuity. In the 
second stage, the velocity and pressure 
fields are corrected in such a way that the 
equation of conservation of mass is satis­
fied. This step leads to a Poisson equation 
with Neumann-type boundary conditions 
that may exhibit very poor convergence 
properties, especially in generalized coor­
dinate systems. The time consumed in the 
solution of the Poisson equation may be as 
high as 80 percent of the total computa­
tional time, even in a Cartesian case. 

In this method, an attempt is made to 
minimize the Poisson-equation difficulties 
by choosing the pressures at the centers 
and the volume fluxes across the faces of 
the computational cells as the dependent 
variables instead of the familiar Cartesian 
components of the velocity. This choice en­
sures the satisfaction of the discrete equa­
tion of conservation of mass to within 
round-off errors in any coordinate system 
and has favorable effects on the con­
vergence properties. 

A consistent solution to Poisson's equa­
tion is obtained by deriving the Laplacian 
operator from the discrete equivalent of 
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the operatorV·V (where V· and V are the di­
vergence and the gradient operators, re­
spectively), rather than discretizing the 
Laplacian operator directly. A novel and ef­
ficient ZEBRA scheme with four-rolor or­
dering has been devised for the efficient 
solution of the nonorthogonal Poisson 
equation on vector computers. The solu­
tion of the Poisson equation could be con­
verged to within any specified small error in 
all the cases solved so far. 

The method has been applied to a two­
dimensional iid-driven flow in a cavity and 
to a flow around a circular cylinder with 
shedding of vortices (see figure). The 
results of the computations have been 

Re = 100 

Re = 200 

found to compare favorably with those of 
other numerical studies and, in the case of 
the cylinder, with those of experiments. 

This work was done by Moshe Rosenfeld 
and Dochan Kwak of Ames Research 
Center. Further information may be found 
in NASA TM-101016[N88-30085], "Numeri­
cal Simulation of Unsteady Incompressible 
Viscous Flows in Generalized Coordinate 
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 
bycalling(800)33~4700. ARC-12277 

The Flow Around 8 Cylinder, Including the shedding of vortexes, is simulated at various 
Reynolds numbers, Re. 
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~~ Pressurized·Flat·lnterface Heat Exchanger 
High thermal conductance is obtained without leakage between loops. 
Lyndon B. Johnson Space Center, Houston, Texas 

A heat-exchanger interface enables the 
efficient transfer of heat between two 
working fluids without allowing the fluids to 
intermingle. The interface is thin, flat, and 
easy to integrate into a thermal system, un-
like interfaces based on concentric cylin­
ders or pressurized fingers. In a prototype 
version made of aluminum, contact con­
ductances of 652 to 729 Btulh· ft2. of (3.70 
to 4.14 kW/m 2OC) were achieved. 

A possible application is in chemical or 
pharmaceutical manufacturing when even 
trace contamination of the process stream 
with water or other coolant could ruin the 
product. It may also reduce costs when 
highly corrosive fluids must be cooled or 
heated. The corrosive-fluid side of the ex-
changer could be made of special corro-
sion-resistant material while the noncorro­
sive side could be made of standard, less 
costly materials. If either side developed 
leaks or became fouled, it could be re­
moved without disturbing the other side. 

At an interface, a set of contact heat-ex­
changer plates is positioned on the thermal 
transport bus, through which ammonia or 
other suitable coolant flows (see figure). A 
module containing a corresponding set of 
water-heated plates is slipped into contact 
with the set of ammonia-cooled plates so 
that each thermal-bus plate is sandwiched 
between a pair of module plates. Bellows 
placed between module plates are pres­
surized with nitrogen so that the module 

Working Fluids Flow In­
dependently in a heat­
transfer module (right) 
and a thermal transport 
bus (left). Pairs of plates 
in the module slip over 
plates on the bus and are 
pressed against the bus 
plates by inflated bellows. 
Many such modules can 
be located along a bus. 

plates press firmly against the bus plates, 
ensuring good thermal contact. The faces 
of the bellows are thin diaphragms that 
conform to the surfaces of the module 
plates. The flowing water in the module 
heats the module plates, which pass their 
heat to the bus plates, which in turn trans­
fer the heat to the flowing ammonia. 

A further advantage of the interface is 
that it can be used to regulate the flow of 
heat. To reduce the flow, the bellows pres­
sure can be reduced, reducing thermal 
contact between the plates and decreas­
ing the thermal conductance. There is no 
need to adjust the fluid flow in either a 

module or the thermal bus with valves or 
pumps. 

This 'ItOrk was done by F. E. Voss, H. R. 
Howell, and R. V. Winkler of LTV Aerospace 
and Defense Co. for Johnson Space Cen­
ter. For further information, Orc/e 57 on 
the TSP Request Card. 

This invention is owned by NASA. and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16}. Refer to MSC-21271 

~~ Jam·Resistant Cutters for Emergency Separation 
Redundant vented pyrotechnics yield reliable, clean cuts. 

Lyndon B. Johnson Space Center, Houston, Texas 
A pyrotechnic emergency-separation 

system includes shaped explosive charges 
that sever a pair of hinges. In the applica­
tion for which it was conceived, the system 
ensures reliable opening of an escape 
hatch. Two pairs of cutters are provided for 
each hinge so that if one pair of cutters 
fails, the other can complete the job. The 
pressure of the explOSions is vented to pre­
vent the charge holders from fragmenting 
and forming sharp edges around the open 
hatch. An exit slide can then be deployed 
without tearing. 

Each charge holder is equipped with a 
thin L-shaped retainer wall facing the hinge 
(see figure). The detonation of a charge 
cuts through a web in the hinge. With both 
hinges cut, the hatch door is free and is 
ejected by a set of thrustors around the 
periphery of the hatch. 

At detonation, the thin wall of the L­
shaped retainer collapses, and the retainer 
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AFTER SEPARATION 

Before Detonation L-shaped retainers bear on the hinge. After detonation, the retainers 
are folded outward to facilitate the egress of the severed hinges. 

folds outward under the pressure of the ex­
plosion. This action widens the opening 
around the severed hinge so that it can 
leave without hindrance. 

This work was done by Arturo C. 

Ordonez and Ronald N. Yee of Rockwell In­
ternational Corp. for Johnson Space Cen­
ter. For further information, Orcle 145 on 
the TSP Request Card. 
MSC-21474 
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NASA invites you to 
the high-tech show of 1990! 
WHERE INDUSTRY CAN 

access technology from NASA and its contractors 

meet NASA technology transfer experts 

find new partners for R&D projects 

learn what's in the pipeline from current NASA 
programs 

look at the future of applied space-based research 

share the experiences of current spinoff companies 

AlJ.ABOUTTECI...aLOGY 2000 
High-tech innovation - from the revolutionary to the 
incremental, from the million dollar idea to the .05% 
reduction in cost - is whatTECHNOLOGY 2000 is all 
about. Join NASA and NASA Tech Briefs Magazine 
as they launch the first annual exposition and conference 
of NASA technology and technology transfer. 

In two jam-packed days, government and corporate 
trailblazers will bring you up to date on the latest in­
novations in telecommunications, robotics, computa­
tional fluid dynamics and other areas - with a focus 
on potential commercial applications. 

Between and after these sessions, you will visit the 
idea-stocked exhibit area, making contact with 
experts from all nine NASA research centers as well 
as many of the leading-edge companies around the 
country. You will have ample opportunity to meet 
these leaders, to develop personal contacts with 
potential R&D partners, and to learn what's directly 
ahead in a variety of high-tech fields. 

Many firms have picked up NASA's ideas and run with 
them - creating new processes and products both large 
and small. Others have used space-based technology to 
hone their internal operations or improve their manufactur­
ing systems. All have fulfilled NASA's stated goal of 
making American industry more competitive. 

You too can benefit from this wealth of government­
sponsored research . Join NASA, its leading contractors 
and spinoff companies at TECHNOLOGY 2000. 

THE SPONSORS 
TECHNOLOGY 2000 is sponsored by NASA, NASA Tech 
Briefs Magazine, and the Technology Utilization Foun­
dation, a not-for-profit organization dedicated to 
technology transfer. 

EXHIBITS 
Exhibits will be open from 11 a.m. to 5 p.m. on Tuesday 
and Wednesday, November 27 and 28. 

WHO SHOULD ATTEND 
Top management, research directors, 
project leaders, senior/design engineers, 
scientists and technology transfer agents 
from public and private organizations. 
The industries represented include: 
aerospace, electronics, computers, 
industrial equipment, defense, communi­
cations, bio-medical, materials, power, 
transportation and chemicals. 

THE PROGRAM 
NASA management has invited space 
agency researchers and key industry 
leaders to address TECHNOLOGY 2000 
audiences. Several concurrent ses­
sions are planned for 8:30 - 11 a.m. 
and 2:30 - 5:30 p.m. on both Tuesday 
and Wednesday, November 27 and 28. 
The symposia topics include: 

POWER AND ENERGY 
ROBoncs AND ARTIRCML 

INTELLIGENCE 
SOFTWARE ENGINEERING 
LASERS/OPTOELECTRONICS 
COMPUTA nONAL FLUID DYNAMICS 
TELECOMMUNICA nONS 
BID-MEDICINE 
MATERIALS SCIENCE 
SENSOR TECHNOLOGY 

A final list of specific topics and speakers will accompany 
registration confirmations; attendees may then choose 
the sessions they wish to attend. 

THE LOCATION 
All sessions will be held at the Washington Hilton Hotel and 
Towers, 1919 Connecticut Ave., N.w., Washington D.C. 
20036. The hotel is conveniently located near the DuPont 
Circle stop on the Metro Red Line, and offers indoor parking. 

REGISTRATION AND FEES 
The full registration fee is $150, and includes symposia and 
exhibits for both days. For those who can attend for only one 
day, registration for technical sessions and exhibits is $100. 
Attendees may visit the exhibit area only at a cost of $20/day. 

Clip the coupon opposite and return with your payment to: 
Technology Utilization Foundation, 41 East 42 Street, 
Suite 921, New York, N. Y. 10017 (212)490-3999 

HOTEL ACCOMMODATIONS 
Reservations must be made directly with 
The Washington Hilton, Reservations Department , 
1919 Connecticut Ave., N. W. ,Washington, D. C. 20036 
(202)483-3000 



The Washington Hilton 
Washington, D. C. 

November 27-28, 1990 

REGISTRATION FORM 
DEADLINE FOR RECEIPT: November 9, 1990 
Please use separate form for each registrant. Type or print clearly. 

Name ________________________________________ __ 

Title _________________ Phone __________________ _ 

Company ______________________________________ __ 

Address ______________________________________ __ 

City/State/Zip ____________________________________ _ 

Which of the following best describes your industry or service? 
(Check one) 
A __ Aerospace G __ Government S __ Computers 

D __ Defense E_ Electronics Q __ lndustrial Eqpt. 

X __ Communications R __ Research Lab C __ Chemicals 

Y __ Consumer gds. M __ Materials U __ Education 

P __ Power/Energy K_ Consultant B __ Bio/Medical 
L __ Library T __ Transportation Z __ Other ________ __ 

Your major responsibility is : (Check one) 
1 __ Mgt. other than engineering 

2 __ Engineering management 
3 __ Engineering 

4 __ Research 
5 __ 0ther (specify) _____ __ 

Your principal job function is: (Check one) 

1 __ General & Corporate Mgt. 2 __ Design & Develop.Eng. 
3 __ Eng. Svc.-Tests/Quality 4 __ Basic Research 

5 __ Manufacturing & Prod'n. 6 __ Purchasing & Procurement 
a __ Other (specify) ____________ _ 

Your engineering responsibility is: 

A_ Manage Eng. Dept. B __ Manage a Project Team 

C __ Manage a Project D __ Member of Project Team 
E __ Other (specify) __________ _ 

REGISTRATION FEES 
__ Full registration $150. $ __ __ 

__ One day $100./day (Circle day:Tues. Wed.) $ __ __ 

__ Exhibits only $20./day (Circle day :Tues. Wed.) $ ___ _ 
Total amount due $ ___ _ 

Return with your payment to : T ECHNOLOGY U TILIZATION F OUNDATION, 41 East 42 Street, Suite 921, New York, N.Y. 10017 



3M Announces 
Double-Coated 
Foil Shielding 
Tape 
Copper foil base with 
electrically -conductive 
adhesive on both sides for 
reliable point -to-point 
grounding. 
AUSTIN, Tex. - This new UL Recognized 
tape has a multitude of uses in electronic 
design, test, and QC laboratories where 
good grounding paths are required. Other 
applications include shielding of PC 
boards, microwave antennas and display 
boards; grounding and static charge 
draining. 

Scotch™ Brand 
Electrical Tape 
#1182 features a 
dynamic range 
over a frequency 
from 1 MHz to 1 
GHz. EMIIRFI Copper Foil 
shielding effec- (adhesive 
tiveness was both sides) 

measured in the Scotch Brand Foil 
Near Field using Shielding Tape 111182 is 
a modified Mil supplied on a liner that 

S d 285 permits easy handling 
t tes t and dispensing in either 

procedure. random or definite 
In IC applica- lengths without curling. 

tions the copper foil also provides an excel­
lent heat conducti ve path to protect 
sensitive areas from excessive thermal 
exposure - Class 155 0 C continuous oper­
ating temperature. 

It is supplied on a liner that permits 
easy handling and die-cutting without 
seriously wrinkling the foil backing. A 
complete line of standard dispensers is 
available to increase productivity and the 
application of Scotch Brand Foil Shielding 
Tapes. They are available with liner take-up 
attachments and deliver either random or 
definite lengths. Custom application equip­
ment can be designed for automatic or semi 
automatic production . 

Scotch Brand Foil Shielding Tape #1182 
is one in a family of metal foil tapes. 

For more information contact a 3M Elec­
trical Specialties Division representative or 
authorized distributor or call 1-800-
233-3636. 

3M Electrical Specialties DiviSion 3NI 
PO Box 2963 
Austin, TX 78769·2963 
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Safe-Egress Pole for Vehicle in Motion ~J 
People eject at a safe distance from protruding structures. 

Lyndon B. Johnson Space Center, Houston, Texas 
A telescoping pole helps people leave a 

moving vehicle in an emergency. The pole 
extends from the vehicle far enough to 
guide people away from structural fea· 
tures that could strike and injure them. 
Such a pole could also be used to deliver 
cargo from aircraft without damage to or 
by wings or to eject supplies from moving 
trucks so that they land off the roac:tway. 

The telescoping-pole concept was devel, 
oped to help crewmembers escape from 
the Space Shuttle under certain flight con, 
ditions. For example, in an aborted launch 
or before a crash landing, at an altitude of 
about 20,000 feet (6.1 km) the left'side 
hatch of the Shuttle would be blown off. 
The telescoping pole would be extended 
out through the open hatchway (see 
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The Escape Pole Extends downward and to the rear so that users can Jump clear of the wing, 
before releasing themselves. 
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figure). The crew would then leave one by 
one through the hatch and slide along the 
pole on lanyards. At the tip of the pole, they 
would be released from the aircraft. 

The retracted pole is compact and light­
weight. Unlike other means of emergency 
egress such as ejection seats or belly tun­
nels, it does not require drastic structural 
modification of the Shuttle. Unlike an ex­
traction rocket, which pulls crewmembers 
through the hatch fast enough to clear the 
wing, the telescoping pole does not subject 
the ejecting members of crew to high ac­
celerations and does not require the 
storage of pyrotechnics in the cabin. 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Simulation of Turbulent, 
Oscillating Boundary Layer 
Numerical results support 
predictions of 
simplified theories. 

A report discusses aspects of algebraic 
and numerical modeling of the flow in the 
infinite half space on one side of an infinite­
ly-large, flat plate, with a sinusoidally oscil­
lating free-stream velocity along one axis 
of the plate. This flow has a rich variety of 
behaviors, including strong gradients of 
pressure, points of inflection, and reversal. 

The chosen flow is the turbulent version 
of a classical problem, known as Stokes' 
second problem, for which the exact solu­
tions of the Navier-Stokes equations of 
viscous flow are known. The zero mean 
value of the free-stream velocity gives rise 
to a natural homogeneity along and across 
the plate; this justifies the imposition of 
periodic boundary conditions in a direct 
simulation and improves the statistical 
sample considerably. In addition, the Reyn­
olds-averaged quantities are functions only 
of the time and of the coordinate perpen­
dicular to the plate. This provides a good 
test of the abilities of mathematical models 
of turbulence to treat unsteady and inflec­
tional velocity profiles with little numerical 
effort and with high numerical accuracy. 
This flow also exhibits reversal of the 
velocity without the usual difficulties of 
coupling between viscous and inviscid mo­
tions and of singularities encountered in 
spatially separating flows. 

The authors present equations that de­
scribe the shear stress and the mean ve­
locity as a function of distance from the 
plate and phase angle. This theory is based 
on dimensional analysis, the Reynolds­
number-similarity hypothesis, and some 
plausible assumptions about the forms of 
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At the beginning of deployment, a main 
pole extends from the housing, guided by a 
bearing block. A kicker-spring mechanism 
pushes the main pole out, and an arrester 
assembly stops the main pole as it reaches 
the limit of its movement, absorbing its 
kinetic energy. An extension spring then 
pushes the extension pole outward. An en­
ergy absorber stops the extension pole as 
it reaches its limit. An anti retraction lock 
prevents the extension pole from retract­
ing to the main pole once it has been de­
ployed. A redundant manually operated 
mechanism is used to deploy the pole if the 
kicker-spring mechanism fails to operate. 

This work was done by Winston O. 
Goodrich, Ciarence J. Wesselski, Timothy 
E. Pelischek, Bruce H. Becker, Jon Kahn, 
Margaret E. Grimaldi, John McManamen 
and Edgar 0. Castro of Johnson Space 
Center. For further information, Circle 71 
on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. InqUiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16}. Refer to MSC-21461 
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functions that describe various aspects of 
the flow. The theory is tentative in that 
these concepts and assumptions are con­
sistent with current thinking but cannot be 
proved rigorously. The equations are 
known to be applicable only at high 
Reynolds numbers and inapplicable near 
the phase of reversal of the wall shear 
stress. 

The predictions of the theory were com­
pared with the results of a numerical simu­
lation via the Navier-stokes equations of 
threEH1imensional, viscous, incompressi­
ble flow over a narrow range of Reynolds 
numbers. The simulation showed that the 
OSCillating boundary layer displays a com­
plex behavior, as a function of both the 
phase angle and the Reynolds number. Al­
though the flow is believed to be linearly 
stable, it exhibits a first transition to a "pre­
turbulent" state just below a Reynolds 
number of 600. A second transition, be­
tween 600 and 800, allows it to generate 
well<1eveloped turbulence during at least 
part of the cycle. During that part of the cy­
cle, it contains a log layer (referring to the 
proportionality of the velocity to a logarithm 
of a nondimensionalized distance from the 
wall) and agrees with other aspects of the 
high-Reynolds-number theory described 
above. Also, despite the complexity of the 
flow, a new algebraic model of turbulence 
yielded results in satisfactory agreement 
with those of the numerical simulation and 
the predictions of the theory. 

This work was done by Philippe R. 
SpaJart and Barrett S. Baldwin of Ames Re­
search Center. Further information may be 
found in NASA TM-89400[N87-24842j "Di­
rect Simulation of a Turbulent Oscillating 
Boundary Layer." 

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 (BOO) 336-4700. ARC-11858 

Simulated Hypersonic 
Flows About a Blunt Body 
Unsteady and steady flows 
are compared. 

A report describes a computer numeri­
cal study of two-dimensional, unsteady, vis­
cous, hypersonic flows of air about a blunt 
body with an impinging shock. This kind of 
flow represents many practical phenome­
na; for example, the interaction of the fluc­
tuating bow shock of a hypersonic airplane 
with the shocks of the leading edge of a 
wing or of the lip of the cowl at the inlet to 
the engine. Such interactions give rise to 
complicated, moving shock<>n-shock pat­
terns. 

The two-dimensional body consists of a 
circular cylinder that caps a planar slab. 
The flow is represented by the unsteady, 
thin-layer, Navier-Stokes equations for a 
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perfect gas with laminar boundary layer. 
The unsteady interaction is represented by 
the downward motion, at constant speed, 
of the impinging shock across the bow 
shock of the body. The Navier -Stokes equa­
tions are incorporated into, and solved by, a 
high-resolution, implicit, second-order­
accurate 0n time and space), total-varia­
tion-diminishing algorithm that was devel­
oped for transonic and supersonic flows 
and was extended recently to hypersonic 
and equilibrium realilas flows. 

Previous studies have shown that in 
steady flows, various kinds of shock inter­
actions occur, depending on the freest ream 
conditions and the angles and locations of 
impingement of shocks. Experimental data 
on steady supersonic flows have led to the 
identification of six different types of in­
teractions, denoted as types I through VI. 
The present numerical simulations of 
unsteady hypersonic flows predict shock 
interactions similar to those observed in 
the steady supersonic flows. However, in 
these simulations, the peak surface pres­
sures do not seem to occur during the 
Type-IV interaction as they do in the steady 
supersonic flows. The significance of this 
fact is that the Type-III interaction occurs 
over a range of angles and positions of im­
pingement of shocks much broader than 
the range for the Type-IV interaction. Also, 
the details within the shock layer differ ap­
preCiably. For example, boundary-layer 
separation and transient supersonic jets 
flowing parallel to the surface of the blunt 
body occur in the unsteady, but not in the 
steady, shock interactions. 

This work was done by P Kutler and H. 
C. Yee of Ames Research Center and G. 
H. Klopfer of NEAR, Inc. Further informa­
tion may be found in NASA TM-100096 
[N88-22650J, "Numerical Study of Un­
steady Viscous Hypersonic Blunt Body 
Flows With an Impinging Shock." 

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-12251 

Propagation of Pulse 
Vibrations in 
Large Structures 
Dispersion, damping, and 
confinement are studied. 

A study yields new insights into the prop­
agation of pulse-excited vibrations in large, 
complicated structures. Special attention 
is paid to the dispersion, damping, and trap­
ping of pulses. The understanding of these 
effects can help such endeavors as de­
signing tall, thin buildings to resist high 
winds and earthquakes. 

A conventional finite-dimensional math­
ematical model of a structure may not 

represent adequately the high-frequency 
components of vibrational response. Con­
sequently, in this study, the response to a 
pulse excitation (which has considerable 
high-frequency content) is represented by 
a system of small-amplitude pulses propa­
gating as characteristic waves. The dy­
namics of these pulses are represented by 
linear equations with delay arguments, 
which equations complement the conven­
tional finite-dimensional model. 

The dynamical equations are put in the 
customary matrix form, and the general 
form of the numerical solution is written in 
closed form in terms of the excitations. The­
responses to pulse excitations are also 
studied analytically with the help of z trans­
forms. Periodic, quasi-periodic, and non­
quasi-periodic excitations are represented 
by sums of pulses with various finite or in­
finite numbers of terms with various com­
mensurate or incommensurate delays be­
tween them. 

These techniques of analysis are illus­
trated by applying them to structures ex­
cited by harmonically repeated pulses. It is 
shown that the vibrational responses of the 
structures qualitatively resemble the mod­
al responses to sinusoidal excitations. The 
resemblance disappears and new phenom­
ena emerge in the presence of nonperiodic 
excitations. For example, when there are 
certain similarities between the nonperiod­
ic excitations and the nonperiodic proper­
ties of the structures, resonances can oc­
cur. 

The study reaches three main conclu­
sions that are particularly relevant to the 
design of structures that can resist dam­
age when excited by pulses: 
1. Propagating pulses are dispersed by 

such structural irregularities as joints be­
tween members of unequal length. The 
effect of dispersion is related to the loss of 
periodicity of pulse motion. A pulse is split 
irreversibly when it passes such a jOint. 

2. Pulses can be damped by appropriate 
combinations of elastic and diSSipative 
properties of joints. There is an optimal 
relationship between these t'M:l proper­
ties that provides the most effective 
damping. 

3. The nonsymmetrical properties of joints 
can be exploited to obtain a pulse-trap­
ping effect that can protect a structure. 
More specifically, the reflection and 
transmission coefficients for waves corn­
ing from one side of a joint are different 
from those for waves coming from the 
other side. An appropriate selection of 
these coefficients leads to localization of 
pulses within certain parts of the struc­
ture, where they can be damped later. 
This work was done by Michail Zak of 

Caltech for NASA's Jet Propulsion labo­
ratory. To obtain a copy of the report, "Dis­
persion, Damping and Confinement of Prop­
agating Pulses in Large Space Structures," 
Qrcle 144 on the TSP Request card. 
NPO-17559 
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Testing Bearing Balls for Ignition in Liquid Oxygen 
Balls are heated in flowing liquid oxygen to simulate behavior in turbomachinery. 

Marshall Space Flight Center, Alabama 

An inexpensive, safe apparatus has 
been built to test cooling by, ignition in, and 
nucleate boiling to film boiling of liquid oxy­
gen flowing around ball bearings. The ap­
paratus provides for the heating of bearing 
specimens, direct observations, and meas­
urements of temperatures and tempera­
ture distributions by thermocouples and in­
frared sensors. It is used to evaluate the 
suitability of various materials and surface 
treatments for ball bearings in high-pres­
sure liquid-oxygen turbopumps. 

In the apparatus, a specimen ball is held 
on the axis of a pipe (see figure). A gland fit­
ting seals the pipe during tests and allows 
access to the fixture for the insertion and 
removal of specimens. Copper electrodes 
pass through holes in the gland fitting to 
make contact with the specimen. Four ther­
mocouples are embedded in the ball, and 
the thermocouple leads are brought out 
through an axial hole in the upper elec­
trode. 

During a test, liquid oxygen at a pres­
sure up to 800 Iblin.2 (5.5 MPa) flows along 
the pipe and around the specimen while a 
current of up to 4,000 A in the copper elec­
trodes heats the specimen. A viewer can 
observe the flow and boiling of the liquid ox­
ygen and the ignition of the ball through a 
port extending at an angle from the pipe. 
Alternatively, an infrared-sensing device 
can be positioned at the port to map the 
distribution of temperature on the surface 
of the ball. Meanwhile, the thermocouples 
provide a record of the temperature at 
points in the ball before, during, and after 
boiling and ignition. 

By reversing the direction of flow of the 
liquid oxygen, one can observe either the 
upstream or downstream side of the ball. 
The thermocouples can be positioned be­
fore the test by rotation of the ball to the de­
sired orientation. 

This work was done by William R. 

Specimen Ball With 
Axial Hole for 

Gland 
Fitting 

VIEW FROM TOP 

VIEW FROM SIDE 

Flow of 
Liquid 

Oxygen 

Wagner, Constantine Peroulias, and Louis 
H. Pidcoke of Rockwell International Corp. 
for Marshall Space Aight Center. No fur­
ther documentation is available. 
MFS-29410 

The Ball Rests In the Fixture while liquid oxygen flows around It. The flow can be reversed so 
that an observer or an infrared sensor can view the phenomena on the trailing or leading side 
of the ball. The ball shown here Is 1 in. (2.54 cm) in diameter and Is made of 440C stainless 
steel. 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Rubbing Between 
Rotors and Stators 
Dynamical effects that 
damage turbomachinery 
are described. 

A report describes experimental and nu· 
merical-simulation studies of the dynami· 
cal effects of rubbing between rotors and 
stators in turbomachinery. The purpose of 
this study was to gain improved under­
standing of such rubbing phenomena, with 
a view toward (1) contributing to tech· 
niques for the diagnosis of rubbing (e.g., via 
the analysis of vibrations), (2) predicting 
more accurately the limiting operating con­
ditions (e.g., maximum rotational speeds 
and loads), and (3) improving design crite­
ria to prevent rubbing damage in high·per­
formance rotating machinery. 

The studies were concerned with two 
machines: one that simulated the high· 
pressure-fuel turbopump (HPFTP) of the 

main engine of the Space Shuttle; and a 
smaller, simpler, two-bending-mode·rotor 
rig designed for more generic studies of 
rubbing. The experiments on these mao 
chines produced a wide array of results, 
confirming the richness of rotor·to-stator· 
rubbing phenomena. Some of the observed 
phenomena, such as fluid·induced instabil· 
ities and internal·friction instability, were 
not correlated with rubbing. 

The influences of several factors upon 
the responses of rotating systems were in· 
vestigated. The main focus was on the 
lateral vibrational responses modified by 
rubbing of the rotor against the stator. The 
emphasis was on the vibrational modes of 
lowest order because these modes are im­
portant in the dynamics of rotors. Of the 
factors and parameters that affect the rub­
related dynamics of rotors, the two most 
thoroughly investigated were the speed of 
rotation relative to the spectrum of natural 
vibrational frequencies, and the radial pre­
load force. It was shown that the patterns 
of rotor vibrations vary with the values of 
these parameters. Other factors that were 
studied included the materials, surface fin· 
ishes, and hardnesses of the rubbing ele­
ments; unbalance in the rotor; the geome· 
try of the rubbing area of the stator; and 
rubbing at several axial locations. 

The report contains 16 chapters and 3 
appendixes. Chapter 1 is an introduction. 

The second chapter reviews the literature 
on rotor/stator rubbing. The third chapter 
provides a more specific characterization 
of rubbing. Chapter 4 describes the initial 
design assumptions and data for the 
HPFTP-simulating test rig. Chapter 5 sum· 
marizes the results of tests of bearings 
used to simulate interstage seals. Chap­
ters 6 and 7 describe the HPFTP-simulat­
ing rig and some preliminary experimental 
results from the use of it, respectively. 

Chapter 8 presents the results of meas­
urements of dry friction and analysis of the 
surface-damaging effects of rubbing. Chap­
ters 9 and 10 describe the two-bending· 
mode test rig and the experimental results 
obtained with it, respectively. Chapter 11 
presents the mathematical model of the 
rubbing rotatorlbearing/seallstator system. 
Chapter 12 presents the results of tests on 
the HPFTP'simulating rig. Chapter 13 de· 
scribes the results of experiments on rotor­
to-stator rubbing contact in the two-bend· 
ing-mode test rig . Chapter 14 describes the 
computer code for the simulation of the dy. 
namic responses of the rotor-to-stator rub­
bing system. Chapter 15 presents some of 
the computer-generated results. 

Chapter 16 presents conclusions - in· 
cluding a discussion of the influence of rub­
bing on the dynamics of rotating machin­
ery, of the prevention of rubbing, and of the 
use of vibration-measuring and data-proc-
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essing instrumentation - and hints on the 
diagnosis of rtbbing . .Appendix 1 presents 
data from HPFTPhot-fire tests . .Awendix 2 
is a ronference paper that includes results 
of the rotorlstator-rutbing study . .Awendix 
3 rontains information on the electronic in­
strumentation used in the experiments. 

This 'NOfk was dcoe by IVtes Muszynska, 
Donald E. Bently, Wesley D. Franklin, 
Robert D. Hayashida, Lori M. Kingsley, and 
Arthur E. CurfY of Bently Nevada Corp. for 
Marshall Space Right Center. To obtain 
a copy of the report, "Influence of Rubbing 
on Rotor Dynamics," Orele 8 on the TSP 
Request card. MF8-27226 

Aerobrakes for a 
Manned Mars Mission 

Aerobrakes will make a 
round-trip flight to 
Mars possible. 

A paper presents the results of a study 
of aerobraking in a manned mission to 
Mars. The paper describes the geometry 
and aerodynamic characteristics of the 
aerobraked vehicle. It discusses the com­
puter program, WTRAJ, that was used to 
simulate trajectories near planets. It 
analyzes the aerocapture processes for 
both Mars and Earth. It examines the mass 
efficiency, or saving in propellant mass, af­
forded by aerobraking. 

Aerobraking would be used instead of 
retrorocket propulsion to slow the space­
craft for entry into the Martian atmosphere 
as well as for return to the Earth. The 
reduction in the amount of fuel required 
would more than compensate for the add­
ed weight of the braking apparatus and its 
heat-shield system. The mass of fuel saved 
would be at least 30 percent of the mass of 
the entering vehicle at both Earth and 
Mars. 

The study was based on an aerobrake 
design that has been developed over sev­
eral years and accounts for thermochemi­
cal relaxation effects in real gases in both 
the Martian and Earth atmospheres. The 
paper suggests that two aerobrakes of dif­
ferent size will yield the best performance 
in three principal phases of the mission: 
one aerobrake for aerocapture over Mars 
and descent of a surface lander and 
another aerobrake for the return to Earth. 
The paper concludes that the benefits of 
aerobraking are so great that they could 
make the entire mission possible. 

This 'NOrk was done by G. P. Menees of 
Ames Research Center. Further informa­
tion may be found in NaB-117oo, "Aeroas­
sisted-Vehic/e Design Studies for a Mann­
ed Mars Mission." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Services Ubrary, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247-6500. ARC-12117 
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Viewing Welds by Computer Tomography 
A computer-aided technique yields images for evaluation of welds. 

Marshall Space Flight Center, Alabama 
A computer tomography system is used 

to inspect welds for root penetration. The 
system offers the only nondestructive way 
to check penetration from outside when 
the inner surfaces are inaccessible. 

A source illuminates the rotating welded 
part with a fan-shaped beam of x rays or 
gamma rays (see figure). Detectors in a cir­
cular array on the opposite side of the part 
intercept the beam and convert it into elec­
trical signals. A computer processes the 
signals into an image of a cross section of 
the weld. The image is displayed on a video 
monitor (see Figure 2). 

Computer tomography thus provides an 
image of the interior of a weld similar to the 
microscopic views provided by metallurgi­
cal sectioning. Unlike sectioning, however, 
tomography does not destroy the speci­
men and gives resuits almost instantly. 

This 'NOrk was done by kJtonio G. Paocua 
and Jagatiit Roy of RockweJllnternationa/ 
Corp. for Marshall Space flight Center. 

C1gure 1. A Video Image of the cross sec· 
tlon of a weld results from computer pro­
cessi ng of signals from detectors. 

No further documentation is available. 
MFS-29555 

OVERVIEW TOMOGRAPH SHOWING REGIONS MARKED FOR ADDITIONAL PROCESSING 

TOMOGRAPHS OF REGIONS LL (LINER LEFT) AND LR (LINER RIGHT) 

Figure 2. The Computed Tomographic Image of a weld in a heat-exchanger assembly In­
cludes regions framed for additional processing. The additionally processed Images for two 
of these regions (below) show more detail In scan planes that intercept a mounting bolt In a 
threaded cavity. A weld drop-through is evident. 
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~~ Resistance-Welding Test Fixture 
Realistic welding conditions produce reliable specimens. 

Marshall Space Flight Center, Alabama 
A simple fixture holds resistance-weld­

ing test specimens. The fixture provides for 
flows of heat and electrical current similar 
to those encountered in manufacture. 

A A The fixture (see figure) holds specimens 
of foil and screen for welding onto stain­
less-steel plates. A specimen holder and 
clamps secure the samples while an oper­
ator welds each pair by applying a resist­
ance-welding tool through notched open­
ings in lids. 

l j 

Electrical current and heat flow through 
the sample, the copper holder, and alu-
minum clamps. Other parts are made of 
thermally- and electrically-insulating poly­
(methyl methacrylate). When the welded 
specimens are subjected to tensile peel 
tests, they accurately represent produc­
tion parts. Microscopic comparisons of 
specimens assembled in the fixture and 

o' o o 

Plastic lid 
(One of Fou<) 

SECTION A·A 

o 

Plate 

PinUe Ud 
L..-----Ir--- (One of Fou<) 

Pautk: 
Bottom "'.te 

production parts have verified the authen­
ticity of the simulated conditions. 

This work was done by Andrew D. 

The Specimen Holder includes a metallic holder and clamps to provide electrical and 
thermal paths and plastic parts that provide thermal and electrical isolation. 

Brennan of Rockwell International Corp. 
for Marshall Space Aight Center. For 

further information, Circle 29 on the TSP 
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Request Card. MFS-29426 

NEW - MATRIXXl and CONTROLxl 

Affordable Math Tools for Workstations 

In the spirit of recently introduced $5,000 workstation, I I i proud 
to announce two new co t-effective mathematic and controls 
toolkits - MATR~N and CONTROLXl.N • They are the most 
affordable mathematical and graphics tool available on DEC, Sun 
(including SPARCstations), and Apollo workstations. 

MA TRlXXl. - Engineering I 
analysis & advanced plotting 
• NEW Low Price: 1,495 
• Includes enhanced version of 

MATRIX.I» 2.0 
• Numeric computation with­

out programming 
• Combine the capabilities of 

UNPACK & EISPACK 
• Extensive 2- and 3-D graphics 

with postscript output 
• And include the Digital Sig­

nal Processing Module 

CONTRO~ - Linear analy-
is package for classical and 

modern controls design. 
• NEW Low Price: $2,995 
• Includes MA TRIXXl.' and the 

Control Design Module 
• Complete classical and mod­

em controls tools 
• Interactive root-locu 
• Frequency and time domain 

analysis 
• State-space, transfer function 

representations 

~ ~ ~ For Both MA TRlXXL and CONTROl,a. 

• Special sixty day money-back guarantee. 
• Fully supported by I I Cu tomer upport 
• Upgradable with advanced control design functions: Robusr 

Control, Optimization and Sy temBuild™ 

Call (408) 980-1590 Ext. 450 for more details 
~~~ 
~ 25;; Mission College Blvd . ' Santa Clara , CA 95054' Fax: (408) 980·0400 

1'r1.-.p;du;" ... aJ.y. ttaP.IX aa1Wj1-..:l u.dl!rVk -o ~lQ,.NI.lRIX • .m<XJma. ... _~of 
~ .... 1n:". 

Circle Reader Action No. 557 

EcoSphere 
Originally developed by NASA, EcoSpheres are not only prototypes 
of future space colonies, but also elegant reminders of the potential 
for ecological balance on Earth . This carefree aquarium - a per­
manently sealed 9ass globe - contains live shrimp, algae, water, 
and air in bioregenerated balance. Available in two sizes: 3.25" or 
6.50" diameter. Base and replacement policy included. 

Rush me __ EooSpheres in the following size(s) : 

__ 3 .25" diame .... ($79.00) __ 650- diameter (5229.00) 

Add $12 .00 for shipJ:ing (EcoSpheres are deHvered overnigh.) . NY residents 
add sales tax. 
To.al Enclosed: $ ____ _ 

Name __________________________________ ___ 

Address __________________________________ _ 

Cily __________________________________ ___ 

Sta.e ______________ ___ 
Zip-------

Daytime Phone " ____________________________ _ 

MaU wkh ".cc:k .... oney order to: 
NASA Tech Briefs, Dept. F. 41 East 42nd Street, New York, NY 10017 
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Removing Burrs in Confined Spaces 
The right tool makes a normally impossible job easy. 
Marshall Space Flight Center, Alabama 

A special tool has been proposed to re­
move burrs on ring edges left by the opera­
tions of a hollow mill near the bases of 
round posts. The tool was conceived be­
cause the posts are placed so closely to­
gether that ordinary and makeshift tools 
can damage the adjacent posts and are 
difficult or impossible to use in the narrow, 
deep spaces surrounding the edges to be 
deburred. Although the tool is designed 
specifically for use on hollow liquid-oxygen­
injector posts of a spacecraft engine, the 
general tool concept is adaptable to similar 
deburring problems on otherwise inac­
cessible parts. The proposed tool is an ex­
ample of the design of a simple special tool 
to do a job that cannot be done with com­
mercially-available, general-purpose tools. 

The figure shows the tool in the operat­
ing position on a post between two adja­
cent posts. The cylindrical sheath of the 
tool is aligned at the lower end by contact 
with part of the outer surface of the post. At 
the upper end, the tool is aligned by the in­
sertion of a round-headed pin into the axial 
hole in the post. A long control rod is 
equipped with a knurled handle at the up­
per end and is made in two pieces that are 
joined together by a threaded coupling. 

When the control rod is pushed down­
ward toward the position shown, the blade­
positioning pin on the control rod slides 

Round·HHQed Pin 
.lJlgns Tod With 
Upper End 01 Potl 
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Adlust. LAngthol 
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81ade..fosltloning 
Pin on Control Rod 

Bum To 

S;.:.-: <E'l~::::ll 
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Burrs on Three Milled Edges near the bot­
tom of the middle post are removed by a 
blade rotated around the post in the 
specially designed tool. 

downward in the long, upper slot in the 
blade, causing the blade to move inward 
toward the post. When this pin reaches the 
bottom of the long slot, it pushes the blade 
downward against the other blade-posi­
tioning pin, which is fixed in the sheath of 
the tool ; this downward motion against the 
fixed pin also pushes the blade toward the 
post. Edges of the blade are ground to just 
the size and shape to meet the edges to be 
deburred at the end of the downward and 

inward motion. After the tool is thus placed 
in the operating position, it is turned around 
the axis of the post to cut off the burr. 

Two ball detents hold the control rod in 
the operating position; the threaded cou­
pling can be used for fine adjustment of the 
operating position of the blade when the 
rod is in this lower detent position. The 
blade is pulled outward from the post by 
withdrawing the rod upward to a single<le­
tent position. 

This work was clone by Friedrich Wirdbiel 
of Rockwell International Corp. for Mar· 
shall Space Right Center. No further 
documentation is available. MFS-29392 
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l'J Preloaded Composite-Strut/End-Fitting Joint 
This strong , lightweight joint would resist loosening. 

Marshall Space Flight Center, Alabama 
A proposed structural joint between a 

composite (e.g., graphite-fiberlepoxy) strut 
and a metal end fitting would be strong and 
light in weight. The joint would be conflQ­
ured to distribute stresses fairly uniformly, 
with little interlaminar stress. The jOint 
would resist loosening under reversals of 
loads and changes in temperature. 

The jOint would be integral with the strut, 
which is a round composite tube. The met­
al fitting would be tapered about 60 and 
would include exterior grooves that would 
resemble Acme threads except that they 
would have rounded corners and fillets. 
The fitting would also have longitudinal 
slots to allow a small amount of radial 
deflection for preloading and for relief of 
thermal stresses (see figure). 

The strut and joint would be made simUl­
taneously in a layup process. Starting from 
the extreme, inner-radius end of the fitting 
(the left end of the fitting in the figure), the 
composite tube would be built up in suc­
cessive layers that would extend into the 
grooves. Thus, when completed, the joint 
would transmit loads in almost the same 
manner as that of a toothed belt and pulley 
used to transmit power. The joint would be 
covered by a high-tension-filament over­
wrap. 

The composite material would be cured 
at 625 OF (329 0c). To provide for a preload 
and to prevent loosening that would other­
wise be caused by differential thermal ex­
pansion and contraction between the met­
al and the composite material, the end of 

Strut 

Tooling 
Ring 

Tapered 

preloadinfIJ Ring 

J
I':J_--

1Z~,.""o" I-Com'''''i~ 
SECTION A-A 

PRELOADED STRESS PATTERN 

The Composlte-StrutlMetal·Flttlng Joint would be built up integrally with the strut in a layup 
process. The joint would remain tight under reversals of loads and changes in temperature. 

the metal fitting would be compressed be- The final component of preload would be 
fore layup by a tooling ring or by part of the applied by inserting a tapered ring in the fit-
mandrel used to form the strut. The tooling ting to expand the slotted segments. 
ring or mandrel would be coated with a This 'WOrk was done by Dean S. Monitor 
mold-release material so that it would not of Martin Marietta Corp. for Marshall 
become bonded during the cure. After the Space Right Center. For further informa-
cure, the tooling ring or mandrel would be tion, Circle 130 on the TSP Request Card. 
removed, and the resulting springback of MFS-28339 
the metal fitting would apply some preload. 

Bonding Elastomers to Metal Substrates 
Curing and vulcanization are done simultaneously in specially designed molds. 

Langley Research Center, Hampton, Virginia 
An improved, economical method for 

bonding elastomers to metals prevents 
failures caused by debonding. Previous 
methods involving prevulcanized elasto-. 
mers or vulcanization to preheated adhe­
sive surfaces placed additional thermal 
and physical stresses on the materials and 
interfaces because of the various heating 
cycles involved. In the new technique, VUl­
canization and curing occur simultaneous­
ly in a specially designed mold that acts as 
a form for the desired shape of the elasto­
mer and as a container that positions and 
supports the metal parts. 

The metal substrates are first thorough­
ly degreased in a suitable solvent using a 
vaporlliquidlvapor sequence. The bonding 
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surfaces are abraded and cleaned by grit 
blasting and then again treated with sol­
vent. They are then coated with adhesive 
and allowed to dry. The metal substrates 
are assembled in the mold, and the press 
components are preheated to the curing 
temperature. The mold is clamped by the 
press, and the uncured elastomer is load­
ed into the transfer pot and pressed into 
the mold sprue. Heat and pressure are ap­
plied until the elastomer and adhesive are 
vulcanized and cured. 

This technique increases the interface 
adhesion between the metal, adhesive, 
and elastomer because the cure and vul­
canization occur simultaneously at equal 
temperature and pressure. The process 

eliminates the stresses on the metal 
substrates, adhesive, and elastomer that 
would result from separate vulcanization 
and bond-<:uring processes. 

This work was done by George E. 
Dickerson of Langley Research Center 
and Henry L Kelley of the u.s. Almy Aero­
structures Directorate located at Langley 
Research Center. No further documenta­
tion is available. 

This invention is owned by NASA, and a 
patent application has been filed. InqUiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16}. Refer to LAR-13645. 
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THANKS AND CONGRATULATIONS! 



G(mgratuiations to aU the scientists. engineers and companies 
wlw have cooperated in the implementation of the space programs 

which have made Prance one of the ma,jor actors 
in the conquest of space to better serve the world. 

Antares. 
Argo, 
Anane IV. 
Anane V. 
Columbus. 
Cospasl Sarsat. 
Doris. 
Gamma. 
Helios, 
He:rmes. 
Hipparcos. 

~II IIII I~I 
lIP 

OIes 
WE OPEN UP SPACE 
CIrcle Reader ActIon No. 345 

Iso, 
Locstar, 
Phobos. 
Sigma. 
Spot, 
TDF, 
Telecom. 
Tele-{X;. 
Topex-Poseidon, 
Vega •.. . 



Paul Quiles, Minister for Posts, Telecommunications, and Space 

AriaM 4 rocket on the launch pad In Kourou (French Guill/Ul) 

(Spec,al Ativer/,smg Supplement) 

F
rance has been active in space R&D since the early 
1960s. In 1965, France placed a satellite in orbit using 
its own resources. Today France is the number three 

spacefaring nation, after the United States and the 
Soviet Union. French efforts are balanced between a strong 

national program under the leadership of the Centre National 
d'Etudes Spatiales (French Space Agency) and a leading role 
in the projects of the European Space Agency. 

A characteristic success of the national program is the 
series of SPOT remote sensing satellites : SPOT 1 has been 
in operation since 1986; SPOT 2 was placed in orbit early in 
1990; SPOT 3 is under construction ; and SPOT 4, decided 
upon in 1989, will ensure continuity of data until the end of the 
century. Pictures from SPOT, with 1 O-meter resolution, are 
marketed by the SPOT Image Company and its U.S. subsidi­
ary, SICorp. 

France promoted the European launch vehicle Ariane and 
made a major contribution to the funding of the European 
Space Agency program. Arianespace, the company set up to 
market the launcher, has gained more than half the world 
market open to commercial competition . 

The French space industry is the European leader. Its 
capabilities and experience range from the production of 
sensors and complex systems to exercising full responsibility 
as main contractor for complete satellite and ground equip­
ment systems. 

I am sure that beyond current scientific collaboration, 
illustrated by the Topex-Poseidon project, the tradition of 
scientific and commercial cooperation between France and 
the United States will go from strength to strength . 

!&.. Paul Quiles 



A R A N E s p A c E 

Arianespace. 
lOur Confidence. 

Ten years experience coupled with 
a constant will to succeed have won 
Arianespace its customers' and industrial 
partners' enduring confidence. Giving us 
the wherewithal to face the many chal­
lenges of the space transportation business. 

To satisfY our every customers' needs, 
we have a unique set of technological and 
commercial advantages. 
Such as the world's most modem and best 
located launch facilities. Comprehensive, 
custom-tailored financial and launch risk 
management packages. 

And an unmatched corporate commit­
ment to launcher production. 

Arianespace, its know-how, its 
technical and operational skilL And its 
customers. One team with a single-minded 
purpose: make certain of the long-tenn 
viability of investment in space. 

And since we're a private enterprise, we 
have the independence to accommodate 
the full range of commercial payloads. 

Your confidence. The finest reason why 
more than 80 % of the world's satellite 
operators today fly with Arianespace. 

Boulevard de I'Europe. BP 177.91006 Evry Cedex. France. Tel. (33 1) 60876000. Telex ARESP 602392. 
Arianespace. Inc. 700. 13 Th Street. N W SUite 230 Washington. D.C 20005. Tel. (202) 6283936 
Hibiya Central Building 1-2-9. Nishi-Shimbashi - Minato-ku Tokyo 105 Tel(813) 592 2766-F)C(813)592 2768. 
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France's High Technology In Space 
France is the leading space power in Europe. Its space 

effort began in March 1962 with the creation of a national 
space agency, the Centre National d'Etudes Spatiales 
(CNES) . France was a founding member of European 
space organizations such as the ESRO and the ELDO, 
which were replaced in 1973 by a single cooperative body, 
the European Space Agency (ESA). 

The French are politically, financially, and technically 
influential at ESA. In addition to being the largest contribu-

tor, providing more than a third of the ESA's funds, France 
has provided valuable proposals, including the ESA's first 
launch vehicle, Ariane, and now the Ariane 5 heavy-lift 
launcher and the Hermes manned spaceplane. 

Together with the Columbus space station initiated and 
principally sponsored by Germany and Italy, Hermes and 
Ariane 5 are the largest and most expensive programs 
under way in Europe. The development of this unprece­
dented space triad represents a $20 billion investment by 
the ESA's 13 member states. 

Ariane 5 is to replace past Ariane rockets for com mer­
ciallaunches of geostationary and polar satellites. It is also 
designed to loft into low-Earth orbit the Hermes 
spaceplane, which will service the European orbital 
infrastructure, including Columbus. Hermes also will have 
the capability to visit foreign space stations, including the 
American Freedom station and the Soviet Mir facility . The 
hypersonic glider will carry three crew members and three 
tons of payload into space station orbits at approximately 
450 km . Its initial autonomy of seven days could later be 
expanded to one month . 

Hermes and Columbus, while appearing modest com­
pared to U.S. and Soviet capabilities in similar domains, will 
be extremely important to Europe because they will give it 
autonomous access to manned space flights . This ambi­
tious goal is within European capabilities, both technically 
and financially . European aerospace firms , especially those 
presented in this survey, have the high-tech capabilities 
needed to meet the challenges of manned space flight. 0 

(SpecIal AdvertISIng Supplement) 





From Satellites And Rockets To The 0 
An Overview 01 French Industry's Ac 

'

his year, France will celebrate the 
25th anniversary of its first satellite 
launch. On November 26, 1965, 
the 41 kg Asterix satellite was 

launched from Hammaguir in the 
Sahara desert and put into orbit to 
test the performance of its pioneering 
rocket, Diamant. 

Since then, France has continually 
increased its space effort. In 1990, 
CNES will spend nearly $2 billion for 
space activities, with the lion's share 
(40 percent) going to ESA. The 
French aerospace industry presently 
employs more than 10,000 people, 
mainly skilled engineers and techni­
cians. Major French aerospace 
companies include: Aerospatiale, 
Matra, Alcatel , Dassault, SEP, SNPE, 
Arianespace, CLS Argos, SPOT 
Image, and Novespace. The latter four 
are among the 15 commercial subsidi-

aries CNES has founded over the 
last 20 years. 

Reorganizing The Space Industry 

Three leading French aerospace 
companies are prime contractors for 
satellite systems in the fields of 
communications, observation, and 
science. The government-owned 
Aerospatiale and the privately-led 
Matra are manufacturing scientific, 
communications, direct broadcasting, 
and remote sensing satellites as part 
of national and international programs. 
Both have expertise in developing 
subsystems such as structures, 
thermal and attitude controls , data 
processing equipment, on-board com­
puters, and software. They also 
develop instruments and systems for 
biomedical and materials processing 
experiments in the microgravity envi-

(Special AdvertISing Supplement) 

ronment of space. 
Alcatel Espace, the only major 

French company fully dedicated to 
space activities, is a leading manufac­
turer of satellite payloads and space­
borne equipment for communications 
and military surveillance systems. The 
French Ministry of Defense selected 
Alcatel as prime contractor for the 
Syracuse military communications 
satellite system. The contract for 
Syracuse 2 is worth $700 million. 

Aerospatiale and Alcatel are 
working on an agreement to merge 
their respective satell ite activities into 
a single unit. The joint venture should 
be established by the end of 1990. 
Matra Space recently teamed with 
Marconi Space Systems to create 
Matra Marconi Space (MMS). Matra is 
majority owner and will retain its 
previous deal with British Aerospace to 



jointly develop Eurostar satellite 
platforms. In a similar arrangement, 
Aerospatiale is cooperating with MBB 
of Germany to build Spacebus plat­
forms. 

Matra has established alliances 
with several other European compa­
nies, including Crisa (Spain), Spacebel 
(Belgium), and Intecs (Italy) . These 
joint ventures are part of an effort by 
aerospace companies to diversify and 
build market share in order to cope 
with the unified European market of 
1993. 

Matra Extends Its Base 

Last year, Matra extended its 
strong European base by gaining con­
trol of Fairchild Industries in the United 
States. The French company bought 
three divisions of Fairchild-Space, 
Communication and Electronics, and 
Control Systems-with a combined 
staff of 2100 and total sales of $250 
million in 1989. The new entity, named 
the Fairchild Space and Defense Corp. 
(FSOC), "will remain an autonomous 
American company," according to 
Claude Goumy, MMS chairman. 

With its European subsidiaries and 
American acquisition , MMS now repre­
sents a space group with 4000 

Aerospatiale and Matra built the highly 
successful series of Meteosat satellites 
for ESA. 

f Manned Space Flight: 
evemenls And Challenges 

workers, sales approaching $830 
million, and orders totalling approxi­
mately $1.5 billion. The unit's operating 
profit is between six and seven 
percent, according to Goumy. MMS is 
now ranked third among the world's 
satellite manufacturers, behind two 
American giants, Hughes Aircraft and 
GE Astro Space. Goumy expects 
MMS to grow 15 percent annually. 
"The group will employ 5000 workers 
and achieve $1 billion in sales by 
1992," he predicted. 

Matra is involved in five areas of 
space business : communications 
satellites, observation satellites, scien­
tific satellites and instruments, space­
borne avionics, and launcher equip­
ment bays for Ariane. The company is 
prime contractor for numerous civil 
and military satellites, including 
Telecom 2, Hispasat, Locstar, SPOT, 

Helios, ERS, Hipparcos, and Soho. 
The Solar and Heliospheric Observa­
tory (Soho), part of the International 
Solar-Terrestrial Physics Program, will 
be launched by an American rocket in 
1995. 

Matra has developed space-borne 
instruments for Earth observation 
satellites, including CCO cameras for 
SPOT and imaging radiometers and 
infrared sensors for Meteosat satellites. 
One Meteosat radiometer set a world 
record by sending more than 400,000 
images during its seven-year lifetime. 

VSATs (very-small-aperture termi­
nals) also attracted Matra. Through 
Polycom, a cooperative venture with 
France Telecom, the company has sold 
more than 1000 VSATs in 70 countries. 
These one-way terminals are jointly 
developed by Matra, Fuba of Germany, 
and Harris Corp. of the U.S. Matra is 

(SpecIal AdvertIsing Supplement) 

now addressing the two-way VSAT 
market and also wants to enter the 
direct broadcasting business. 

One way Matra hopes to increase 
its space business is by expanding into 
the area of satellite services. The 
French group is a shareholder in 
service companies such as Ariane­
space and SPOT Image, and intends 
to gain a foothold in the mobile com­
munications business by participating 
in new ventures such as Locstar, the 
French radio-determination satellite 
system (ROSS) initiated by CNES. 

Locstar will be developed and oper­
ated by the privately-owned company 
Locstar SA, another commercial 
subsidiary of CNES. The L-band ROSS 
will be a two-way system designed for 
mobile use on land, at sea, or in the 
air. It will use two MMS-built geosta­
tionary satellites scheduled for launch 
by Ariane in 1992. Locstar will compete 
with other ROSS systems sponsored 
by international organizations such as 
Eutelsat and Inmarsat. Eutelsat is 
presently promoting its Euteltracs 
system, a European version of the 
U.S. Omnitracs system. Alcatel 
Espace recently signed a contract with 
Qualcomm Inc. to promote and sell Eu­
teltracs mobile receivers in Europe. 

An artist's conception of the Hermes 
spacecraft docked with the Columbus 
space station 



Alcatel Espace's Electronics 
In Space 

The Alcatel group was restruc­
tured earlier this year and two new 
units were formed : a radio , defense, 
and space company chaired by 
Jacques Imbert, and a space division 
headed by Jean-Claude Husson, who 
also serves as president of Alcatel 
Espace. 

The French firm is a leading 
producer of communications satellite 
payloads and space-borne electronic 
equipment, including power amplifi­
ers, repeaters , receivers , transmit­
ters , multiplexers, filters, and anten­
nas. It develops satellite antennas for 
the 2 to 90 GHz range and also 
produces ground stations. Telspace, 
an Alcatel subsidiary, has sold more 
than 2000 Earth stations worldwide 

TDF satellite antenna tower tested under 
radome at Alcatel Espace 's Toulouse 
facility 

French Boost To Fairchild Space 
different tools and devices, including a 
battery-powered screw. 

"Fairchild's new goals are to partici­
pate in the follow-on Landsat project 
and in the next generation of weather 
satell ites, Tiros and DMSP, as well as 
the Mission To Planet Earth program," 
Goumy said. Matra's input will be crutial 
to Fairchild's participation in the Earth­
survey program. The French company 
has extensive experience in developing 
platforms, sensors, and complete sys­
tems for Earth observation satellites. It 
is now constructing a large polar plat­
form called SPOT Mk2 for ESA's Co­
lumbus program. Equivalent to the U.S. 
platform being developed for the EOS 
program, Matra's platform should be 
suited for Mission To Planet Earth appli­
cations. 

"The production of small satellites for 
civil and military applications is another 
area where Fairchild could benefit from 
Matra's know-how," said Goumy. Such 
spacecraft, weighing only a few hundred 
kilograms, could be used for scientific 
experiments, environmental surveys, 
pollution monitoring, communications 
links, and a variety of other applications. 
MMS and Fairchild Space plan to submit 
a proposal for a worldwide mobile com­
munications system based on a constel­
lation of 24 small satellites in low-Earth 
orbit. The project will compete with simi­
lar ventures such as Orbcomm and 
Starnet. 0 
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and is now moving into the VSAT 
market. 

Alcatel Espace has equipped 
more than 40 national and interna­
tional satell ites. The company 
developed payloads and equipment 
for several communications and 
direct broadcasting satelli tes, 
including TDF, TV-SAT, Tele-X, 
Telecom 2, and Eutelsat 2. It 
provided telemetry, command, and 
ranging equipment for scientific 
satell ites such as Giotto and Ulysses, 
and produced much of the on-board 
electronics for SPOT, Helios, and 
other Earth observation satellites. 

Alcatel is a member of the interna­
tional team Ford Aerospace selected 
to build five new Intelsat 7 communi­
cations satellites. Moreover, it 
received a contract from GE Astro 
Space to build a transmitter-receiver 
for NASA's Mars Observer craft, 
scheduled for launch in 1992. The 
equipment will relay data collected on 
Mars' surface by French balloons 
deployed by the Soviet spacecraft 
Mars 94. 

The first European experiment in 
inter-satellite link is being developed 
at Alcatel Espace under a CNES 
contract. The Ka-band orbital link will 
be tested between two European 
satellites : Olympus 1, already in 
geostationary orbit, and the retriev­
able carrier Eureca, planned for 
launch aboard the space shuttle in 
September 1991 . 

Under contract to ESA, Alcatel 
has participated in design studies of 
Data Relay Satellites slated for 
launch in 1996. The European DRS 
will transmit data in the Ka-band at 
400 MBits/s. 

In summary, Alcatel Espace's 
knoW-how covers the technologies of 
communications satellite systems 
from 400 MHz to 30 GHz. In coop­
eration with the Canadian companies 
Spar and Comdev, the French firm is 
working on military equipment using 
even higher frequencies-40-60 GHz 
(ELF). 

Alcatel 's expertise extends to 
microwave instruments and data 
processing techniques for space­
borne synthetic aperture radars 
(SARs) . The company is in charge of 
the radio frequency calibration 
subsystem for the Active Microwave 
Instrument of ERS-1 , the first 
European radar satellite. The radar 
processing equipment employs 
surface acoustic wave devices and 
other innovative technologies 



developed by AME Space, Alcatel 's 
Norwegian affiliate. 

Alcatel Espace is studying designs 
of C- and S-band imaging radars for 
future civilian satellites, including the 
European Polar Platform. CNES 
awarded Alcatel a contract to build a 
prototype SAR called Radar 2000 
which will feature a resolution of 4 to 
20 m with a field of view ranging from 
20 to 40 km. The rapid-scanning , 
phased-array antenna will be fitted 
with several hundred transmitting­
receiving modules using monolithic 
circuits. Alcatel researchers are also 
studying a high-resolution space­
borne radar for military applications 
such as the detection of surface 
ships. 

CNES awarded Alcatel Espace 
$20 million to develop the first French 
space-borne radar-altimeter, dubbed 
Poseidon, which will fly with an 
American SAR on the T opex ocean­
ography satellite to be launched by 
Ariane in June 1992. From its orbit 
1300 km above the Earth, Poseidon 
will measure ocean altitude with an 
accuracy of 3 to 4 cm. A prototype of 
Poseidon is now being tested at 
CNES. "Its performance seems at 

From Cities 

Matra and Alcatel are jointly developing 
the Telecom 2 satellite for French civil 
and military communications. 

least as good as that of the American 
radar-altimeter," said Mr. Husson. 

Aerospatiale: From The Force de 
Frapp To Satellites And Rockets 

Aerospatiale-Strategic and Space 
Systems Division is tasked with 
developing satellites and rockets as 
well as ballistic missiles for the French 
"Force de Frappe." This year, for the 
first time, "space is exceeding military 
business," according to Michel Delaye, 
the new division head. It represents 
about 52 percent of the division's total 
turnover, estimated at $1 .3 billion. 

Over the past 25 years, Aerospa-

to Deserts 

(Special Advertlsmg Supplement) 

tiale has contributed to the develop­
ment of 60 satellites and today is 
prime contractor for approximately 40 
percent of all civilian satellites devel­
oped in Europe. Its space group 
served as prime contractor for several 
recent c?mmunications and meteoro­
logical satellites, including Meteosat, 
Arabsat; TDF 1 and 2, Tele-X, and Eu­
telsat 2. On May 28, Aerospatiale 
delivered the Eutelsat 2IF1 , the first of 
five new communications satellites 
ordered by Eutelsat. The satellite is 
planned for launch this year by Ariane, 
as are the MOP 2 and TDF 2. TDF 1 
and 2 are France's first direct broad­
casting satellites; they can relay up to 
five television programs through 
powerful beams over France and most 
of Europe. 

Another recent achievement by 
Aerospatiale's space division is the 
Infrared Space Observatory (ISO), 
built for ESA. This sophisticated 
astronomy satellite is equipped with a 
60-cm aperture telescope installed 
inside a large cryostat cooled by liquid 
helium. The 2.4-ton observatory is 
slated for launch by an Ariane 4 in 
1993. 

Aerospatiale is developing several 

to Coasts 
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The Infrared Space Observatory is the 
largest and most sophisticated scientific 
satellite built by Aerospatiale. 

other French and European satellites, 
including SPOT, Helios, and ERS-1 . 
For the Helios military reconnaissance 
satellite, it is providing the structure, 
solar panels, and thermal control 
system, as well as the main instrument 
-an optoelectronic camera that will 
take high-resolution visible and infrared 
pictures. The first Helios satellite, 
weighing about 2 metric tons, is 
planned for launch into heliosynchro­
nous orbit by Ariane in mid-1993. 

Aerospatiale is the European leader 
in space transportation systems, 
including Ariane rockets and the 
Hermes spaceplane. It manufactures 
propellant tanks for the liquid-fueled 
Ariane rockets. The company inte­
grates the first and third stages of the 
launchers at a facility in Les Mureaux, 
near Paris. New facilities were built to 
integrate the Ariane 5's cryogenic first 
stage, which is 5.4 m in diameter and 
30 m tall. When fully assembled, it will 
be ferried by a barge to Le Havre, 
where it will be shipped to Kourou. 

Aerospatiale 's space and aircraft 
divisions are working in tandem to de­
velop the Hermes spaceplane. "It's a 
challenging program that requires 
major breakthroughs in several 
advanced space technologies," said 
Oelaye. "But it will pave the way for the 
development of piloted space systems 
and hypersonic reentry vehicles by Eu­
ropean industry, who will then be better 
prepared to address the design of 
future shuttles." 

The company is also studying 
servicing vehicles for the European in­
orbit infrastructure. This includes a 

transfer orbital stage and a crew rescue 
capsule. Supported by its experience 
with ball istic reentry bodies and Her­
mes, Aerospatiale has signed an 
agreement to assist the Lockheed Mis­
siles and Space Company in respond­
ing to NASA's request for the Assured 
Crew Return Vehicle (ACRV). 

Oelaye's team is conducting prelimi­
nary concept and design studies of a 
follow-on to Ariane 5. This is part of the 
company's internal work on future 
reusable space vehicles. According to 
Oelaye, Aerospatiale favors a two­
stage, rocket-type vehicle that would lift 
off vertically and land horizontally on a 
runway. 

Aerospatiale's space, aircraft, and 
tactical divisions are participating in an 
assessment study 'of hypersonic 
vehicles sponsored by the French 
Ministry for Research and Technology. 

Aerospatiale assembles the first and 
third stages of the Ariane 4 at its 
integration and testing facility In Les 
Mureaux, near Paris. 

The aircraft division developed the 
Concorde and is now cooperating with 
British Aerospace on preliminary 
studies of a next-generation supersonic 
transport, while the tactical division 
developed the world's only operational 
ramjet missile : the ASMP medium­
range nuclear missile. 

Artist's concept of the Hermes 
spaceplane in orbit 
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Oassault Goes To Space 
With Hermes 

Oassault, the well -known combat 
aircraft manufacturer, became a major 
player in the space industry five years 
ago when it was named delegated 
prime contractor for the Hermes 
spaceplane. Oassault's space activities 
began in 1962 with the development of 
the MO 620 ballistic missile and 
concept studies of a hypersonic vehicle 
called T AS. In 1972, under contract to 
Boeing and Grumman, the company 
designed, developed, and tested a can­
didate thermal protection system for 
the space shuttle. 

The Hermes project marks Oas­
sault's reentry into the space business 
after more than a decade of absence. 
The company is responsible for 
Hermes' aerodynamic design, reentry 
trajectories and related systems, 

atmospheric flight control systems, and 
subsonic flight tests. These tasks are 
extremely challenging because of 
Hermes' small size and mass, ex­
plained Jean Roubertie, Oassault's 
director of space programs. The 
spaceplane will weigh between 21-23 
metric tons and be designed for an ex­
tended flight envelope ranging from 
160 to 16,000 knots and atmospheric 
reentry from Mach 29. External 
temperatures will vary from -101 ° to 
+ 1816°C. 

Hermes' aluminum structure will 
require thermal protection systems that 
can support the effect of oxidation 
during 30 successive reentries. "Hot" 
fuselage parts such as the nose, 
winglets, leading edges, and control 
surfaces will be made of carbon and 
ceramic composite integral structures 
developed by Aerospatiale and SEP. 
"Cold" surfaces will be covered by 



SaHling in. 
Traveling at23,OOOmilesperhour, Europe 's 

manned orbiter Hermes will quickly leave 
the coast of Somalia in its wake. And head 
into the sixteenth sunset of the day. 

Just over the horizon, a rendezvous awaits. 
The Columbus Attached Module, an inhabit­
ed scientific platform moored to America 's 
Space Station, prepares for a link-up. Hover­
ing at a safe distance- Columbus Free Flyer, 
an automated plant for medical and crystal 
research. And tracking along a heliosynchro­
nous orbit six degrees due west is the Colum­
bus Polar Platform, a complex remote­
sensing satellite dedicated to the study of 
our planet's ice-caps. 

In less than a decade, Europe 's ambitious 
agenda in space is scheduled to become a 
reality. Alcatel Espace looks forward to work­
ing with the European Space Agency, and 
partners like NASA and CNES, to make the 
process of settling in a little easier. 

Our contribution? Earth-to-orbit transmis­
sion links. An orbital computer-driven video 
master station. Keyboard and display sets for 
the Columbus workstation. And the kind of 
innovative scientific and telecommunications 
payload packages for which Alcatel Espace 
has forged an international reputation over 
twenty-five years, and across more than fifty 
multi-venture spacecraft programs. 

ALCATEL 

ES PAC E 
11 , avenue Dubannet - 92407 Caurbevaie Cedex, France 
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Dassault is developing EVA suits for 
future Hermes astronauts. This CAD 
simulation shows an astronaut climbing 
into an EVA suit after opening the 
backpack containing the life support 
system. 

ceramic tiles or lightweight multilayered 
insulation comprised of glass or quartz 
fibers. 

Flight control of the hypersonic 
glider will be achieved through configu­
ration controlled vehicle (CCV) tech­
niques developed for the Rafale. For 
atmospheric test flights at subsonic 
speeds, Hermes will be dropped from 
an aircraft carrier such as Airbus. 
Dassault has also proposed using a 
modified Falcon jet for testing and 
qualifying approach and landing 
procedures one year before the first 
orbital flight, now planned for 1998. 

Dassault is also involved in technol­
ogy development for astronaut extra­
and intra-vehicular activity (EVAIIVA) . 
More than 30 European firms are 
developing EV AIIVA suits and life 
support systems under contract to 
Dassault and Dornier of Germany. The 
IVA system includes ejection seats for 
Hermes' three crew members. Das­
sault is considering using ejector seats 
similar to those developed for the 
Soviet shuttle Buran . They would 
enable safe ejection at speeds up to 
Mach 3. 

In addition to Hermes, Dassault is 
investigating reusable hypersonic 
space transportation systems as part 
of the Star-H study funded by CNES. 
Star-H is derived from Dassault's TAS 
research . The new design employs a 
large hypersonic plane to launch a 
small spaceplane propelled by a 
jettison able booster. This element is 
the only nonrecoverable part of the 
400-ton vehicle , scaled to carry a 
Hermes-type spaceplane in low-Earth 
orbit with a payload of approximately 3 
tons. The Star-H program aims to build 
a realistic data base on aerothermody­
namics, airframe-engine integration, 

stage separation, structures, and 
materials . Further, it looks to define 
aerodynamic codes, structural loads, 
and other parametric laws which could 
be used in designing manned hyper­
sonic veh icles for space or transat­
mospheric missions. 

Dassault is also conducting studies 
of planetary reentry systems in coop­
eration with Marconi of the United 
Kingdom, Dornier, and SEP. The 
studies involve various types of aero­
shells designed to protect entry probes 
dropped on outer planets or bodies 
such as comets. 

Now in the beginning stages, space 
activities will account for a modest three 
percent of Dassault's turnover in 1990. 
The company hopes to raise that figure 
to ten percent. 

SEP, The Motor Specialist 
SEP (Societe Europeenne de 

Propulsion) is the only company in 
Europe and one of the few in the world 
with the capability to produce both 
liquid and solid rocket engines of 
various sizes for civil and military 
applications. Its production ranges 
from small tactical missiles to large 
stages for ballistic missiles and space 
boosters, and includes conventional 
and cryogenic liquid engines for space 
vehicles. The company has 4000 
workers and an annual turnover of 
approximately $800 million, according 
to SEP chairman Jean Sollier, who 
compares the firm's size to that of 
Thiokol in the U.S. 

SEP's main business is liquid rocket 
engines for the Ariane family of launch­
ers. The company will produce several 
hundred Viking and HM7 engines for 
Ariane 4 rockets. Each Ariane 4 uses 
nine Vikings on the first and second 
stages and one HM7 on the third 
stage. The Viking is a storable liquid 
propellant engine which delivers an 
average thrust exceeding 700 kN . The 
HM7 is the first operational cryogenic 
engine in Europe. The turbopump-fed 
engine burns a mixture of liquid oxygen 
and hydrogen with a rated thrust of 
more than 60 kN and a chamber 
pressure of 31-36 bars. 

SEP is prime contractor for the 
Vulcain cryogenic engine that will 
propel the Ariane 5's first stage. An 
open-cycle turbopump engine, the 
Vulcain works under a chamber 
pressure of 100 bars to deliver 
approximately 110 tons of thrust. It 
burns about 24 tons of hydrogen and 
128 tons of oxygen in 560 s with a 
specific impulse of 430 s. SEP re­
ceived a contract worth more than 
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$260 million to develop the Vu lcain. 
The first engine, delivered in April , will 
be fired this summer at the SEP test 
bed in Vernon, near Paris. 

SEP has teamed with the Italian 
firm BPD to develop and manufacture 
the Ariane 5's huge solid boosters. The 
joint venture, called Europropulsion, 
received a $670 million contract. 
Ariane 5 will use two solid boosters to 
lift the rocket during the first two 
minutes of flight. Each booster weighs 
about 260 tons, including 230 tons of 
composite propellant, and has a 
nominal thrust of 600 tons. The 
boosters are 26 m long, 3.1 m in 
diameter, and have three segments, 
including two weighing more than 100 
tons. They are produced on the launch 
site in Guiana. 

The French firm is now developing 
advanced rocket engines for future 
applications on launch vehicles. Last 
year, it successfully tested an HM7 
cryogenic engine equipped with a 
ceramic nozzle made of a carbon­
silicon carbide material called 
Sepcarbinox. The engine was test-fired 
for 750 sand 900 s and sustained 
operating temperatures up to 1800°C. 
The ceramic nozzle is 1 m in length 
and diameter and weighs only 25 kg. 
SEP research shows that a cryogenic 
engine fitted with this type of non­
deployable nozzle can increase pay­
load mass by 65 kg on Ariane 4 and 
1650 kg on Ariane 5. 

SEP is also conducting research on 
low-thrust liquid engines under contract 
to DGE. It has tested the major 
components of a 20 N engine designed 
for attitude control of satellites and the 
Hermes spacecraft. During preliminary 
ground tests , the injector and thrust 
chamber have been fired for one hour 
at 1600°C. Previously, the company 
developed MMH-NP4 engines for 
attitude control of TDF and TV-SAT 

Ful/-scale mock-up of the Ariane 5 
booster (open view) 



From Diamant to Ariane, ~"f!' 
30 years of success. 

Great successes are always 
group successes. 

Ariane is a striking example of this. 
Everybody involved in the Ariane programme 

can now rejoice in its success. 
The SNPE team has played a role in space 

conquest ever since the first Diamant 
rockets were launched. 
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produces in its Toulouse plant UDMH liquid fuel 

provides (through its subsidiary PYROMECA) 
various pyrotechnical devices, mainly flexible 
linear shaped charges and transfer lines 

develops in cooperation with BPD Oifesa e Spazio 
solid propellant grains for ARIANE strap-on boosters 

Through a common subsidiary REGULUS, 
SNPE and BPD will operate a dedicated solid 
propellant plant in Kourou, French Guiana, 
which is currently being built under 
the responsibility of SNPE INGENIERIE. 

mastering energy. 



direct broadcasting satellites. It also 
built the Mage Apogee boost motor for 
satellite transfer into geostationary 
orbit. 

SEP has established technological 
and commercial links with some promi­
nent U.S. aerospace firms. Five years 
ago it signed a long-term agreement 
with Rocketdyne to work on liquid 
propulsion concepts for future launch­
ers. It has sold licenses for its ad­
vanced composite materials to three 
American companies: Corning Glass, 
for development of a carbon-carbon 
product for human prothesis; Dupont 
de Nemours, for a ceramic material 
used in a classified defense program; 
and B.F. Goodrich, for carbon-carbon 
disks applied to aircraft brakes. 

Earlier this year, SEP was chosen 
to provide the composite rocket engine 
nozzle for the ERINT experimental 
missile developed by LTV. Flight tests 
will begin in 1991 . 

"The U.S. is a high-priority market 
for SEP," said Mr. Sollier, who hopes 
to participate in propulsion research for 
the National Aerospace Plane and 
other U.S. aerospace projects. SEP 
and Snecma recently set up a joint 
venture called Hyperspace to work on 
hypersonic propulsion for future 
atmospheric vehicles. 

SNPE: Making Magic Powder 
For Rockets 

SNPE (Societe Nationale des 
Poudres et Explosifs) is developing and 
producing solid propellants for civil and 
defense applications such as tactical 
and ballistic missiles and space rocket 
motors. Last year, the company 
established a defense and space 
division headed by Pierre Dumas. The 
division is responsible for half of 
SNPE's turnover, which amounted to 
$650 million in 1989. Five years ago, 
the group established a sales branch in 
the United States. SNPE Inc., located 
in New Jersey, is developing the 
company's full range of chemical 
products. 

SNPE's main customer for space 
products is CNES. The company 
started with UDMH (unsymetrical dy­
methylhydrazine), which has been 
produced by its chemical division in 
Toulouse since 1983. Initially, the liquid 
propellant for Ariane rockets was 
purchased from China and the Soviet 
Union. Now, however, Ariane's liquid 
fuel is produced in France and is purer 
than the imported versions. 

The company is working with BPD 
of Italy to produce solid propellant for 
Ariane 5 boosters. They are using 

Butalane, a composite propellant made 
of aluminum and ammonium perchlo­
rate. It delivers a specific impulse of 
244 s (French standard), which is 
similar to the performance of the space 
shuttle's boosters. SNPE recently ex­
panded its ammonium perchlorate 
manufacturing facility in Toulouse to in­
crease its annual production from 800 
tons to 6000 tons, which is half the 
production capacity of existing U.S. 
facilities . The Toulouse plant will be 
activated in July, according to Claude 
Grosmaire, SNPE 's director of space 
propulsion. 

SNPE and BPD have formed a new 
company called Eupera (European 
Perchlorate Ammonium) to coproduce 
the chemical agent in Toulouse. The 
companies previously established a 
joint venture called Regulus to build 
and operate a manufacturing plant in 
Kourou for the two largest segments of 
the Ariane 5 boosters. The "Usine de 
Propergol de Guyane" (Guiana propel­
lant plant) will be inaugurated later this 
year. The highly automated plant will 
have only 150 workers. 

Based on a launch rate of eight 
rockets per year, production for Ariane 
5 will amount to 3800 tons by 1998 and 
is expected to continue until the year 
2015. According to Mr. Dumas, this 
represents an annual turnover of more 
than $60 million for Regulus. 

SNPE is also investigating new 
chemical molecules for advanced 
propellants. One of the most promising 
is a polyazido-glycidyl known as PAG. 
An energetic binder is used instead of 
conventional polybutadiene to achieve 
better performance in terms of specific 
impulse. PAG will enable the develop­
ment of nonpolluting propellants 
(without ammonium perchlorate) for 
booster applications. 

Arianespace Markets 
Launchers Worldwide 

Arianespace is celebrating its tenth 
anniversary in 1990. The company was 
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founded in March 1980 by 36 leading 
European manufacturers in the 
aerospace and electronics sectors 
together with 13 major European 
banks and CNES. It was the first 
private company set up to fund , manu­
facture, market, and launch large 
commercial rockets. In 1982, a fully­
owned subsidiary, Arianespace Inc., 
was established in Washington, DC to 
deal with American customers. 

Arianespace has captured more 
than half of the world market for com­
merciallaunches. In addition to nine 
initial contracts signed by ESA, Ariane­
space has logged 83 launch contracts 
with nearly 30 customers worldwide. 
Six American companies-GE, GTE 
Spacenet, Alpha-Lyracom, Hughes 
Communications, GE Astro Space 
Division , and the Satellite Transponder 
Leasing Company-as well as two 
international organizations-Intelsat 
and Inmarsat-have entrusted their 
precious communications satellites to 
the European rocket. Global sales over 
the past decade exceed $4.7 billion for 
the 83 satellites booked by Ariane­
space, of which 54 have been 
launched. With the signing of nine new 
contracts since the beginning of the 
year, the company now has orders for 
38 satellite launches, representing $2.8 
billion in sales. Last year, the com­
pany's total sales were $670 million. 

This success is due in part to the 
pragmatic approach taken by Ariane's 
promoters, who decided in the early 
1970s that the best rocket for commer­
cial operations would be one of 
conventional design, optimized not to 
achieve the highest expected perform­
ance but rather the lowest possible 
cost. 

The Ariane 1 made its maiden flight 
in 1979. Since then, Arianespace has 
successfully flown improved versions, 

SNPE's manufacturing plant near Bordeaux 
prepares solid propellant for Ariane rockets 
and ballistic missiles. 
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including the new Ariane 4, which will 
be the company's workhorse for the 
remainder of the decade. The most 
powerful of the series, Ariane 4 
enables single or dual launches of 
payloads totalling up to 4.4 tons in 
geostationary transfer orbit. 

Among the 36 Ariane rockets flown 
during the past decade are eight Ariane 
4s. The eighth one failed during the last 
Ariane launch in February (flight V36) . 
Tighter quality controls have been 
introduced at industrial levels to pre­
vent the reoccurance of such a 
problem. Launches will resume in late 
July or early August, according to 
Frederic d'Allest, Arianespace chair­
man. To make up for the lost time, nine 
flights instead of seven or eight are 
planned for coming years. 

Last year, Arianespace awarded 
contracts to European industry to pro­
duce 50 Ariane 4s-the largest single 
order for commercial rockets ever 
issued. While fulfilling this order, the 
European space industy will also be 
preparing the follow-on rocket, Ariane 
5. First flights of the more powerful 
rocket are planned for 1995 and it 
should be operational for commercial 
satellite launches the following year. 

Weighing 740 tons at lift-off, Ariane 
5 will have a payload-carrying capacity 
of 5.9 or 6.8 tons for dual or single 
launches in geostationary transfer orbit 
and a maximum of 23 tons in low-Earth 
orbit when launching the Hermes 
spaceplane. Arianespace will commer­
cially operate Ariane 5 and is also a 
candidate to operate Hermes following 
its test flights in automatic and manned 
modes, scheduled for 1998-99. 

CLS Argos Offers Low-Cost Data 
Collection System 

CLS Argos markets a simple, low­
cost data collection system consisting 
of specialized electronic packages 
developed by French industry which 
are installed on board NOAA weather 
satellites in polar orbit. The system can 
locate transmitting beacons on the 
ground or at sea with an accuracy of 

Night launch of an Ariane 4 rocket 

300 m. Throughout its orbital track, the 
satellite automatically receives the 
platforms in its field of visibility , collects 
the data, and sends it back to a CLS 
data processing facility in Toulouse, 
Melbourne, or Washington, DC. A 
fourth processing center will soon be 
opened in Tokyo.·CLS headquarters in 
Toulouse is linked by computer lines to 
the overseas centers and to its two 
subsidiaries in the United States: 
Service Argos Inc., which operates the 
system for North American users, and 
North American CLS, which develops 
value-added products to complement 
the service. 

More than 3000 Argos platforms 
are now in service worldwide. Initially, 
the system was dedicated to environ­
mental survey applications, but has 
recently been extended to the field of 
environmental protection. As part of a 
U.S. initiative to control fishing 
campaigns in the Pacific, Argos has 
been selected to equip more than 700 
fishing boats from Japan, Korea, and 
Taiwan. "The most important use of 
the Argos system is to protect ocean 
resources," said Michel Taillade, presi­
dent of CLS Argos. 

Earlier this year, CLS Argos signed 
an agreement with Eumetsat, the Eu­
ropean weather satellite organization, 
to provide a data collection service on 
Meteosat spacecraft. This service, 
dedicated to environmental applica­
tions, will begin in October. Next year, 
CLS will provide the same service 
using the GOES series of geostation­
ary weather satellites operated by 
NOAA. 

CLS Argos also operates the 
control center receiving radar-altimetry 
data from Doris, the French orbitogra­
phy satellite system, which was 
introduced on the SPOT 2 satellite 
launched earlier this year. 

"We foresee continued growth in 

An albatross Is equipped with a beacon 
developed by CLS Argos. Satellite 
tracking has revealed that albatross can 
fly over 900 km per day. 

CLS activities for at least five more 
years ," said Michel Cazenave, CLS 
Argos chairman . The company 
achieved a turnover of $10.5 million last 
year and is expected to reach $12 
million in 1990. Areas of potential 
growth include oceanography, meteor­
ology, hydrology, and wild animal 
tracking. Last year the system was 
used to track albatross. The birds were 
equipped with tiny transmitters and 
released. The satellite tracking re­
vealed that albatross can fly for 
amazingly long stretches approaching 
16,000 km. 

SPOT Image: Commercializing 
Remote Sensing Data 

SPOT Image sells remote sensing 
data collected by the SPOT family of 
observation satellites. Two SPOT 
satellites are now in orbit, working in 
parallel to obtain visible and near­
infrared images of the Earth. Each 
spacecraft is equipped with two CCD 
cameras to capture multispectral and 
panchromatic pictures at resolutions of 
20 and 10 meters. These high-resolu­
tion digital images are easily processed 
and enhanced. 

The SPOT 1 satellite, launched in 
February 1986 with an expected three­
year lifetime, has lasted over four 
years. This fall , it will be replaced by 
the SPOT 2 satellite launched by 
Ariane in January. The second craft is 
a carbon copy of the first, as is the next 
satellite, SPOT 3, which should be 
ready for launch by 1992. SPOT 4, an 
improved version with a four-year 
design life and an additional midinfrared 
band, is in the early stages of develop­
ment. It will repace SPOT 3 when that 
satellite can no longer function . "We'll 
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analysis, hydrology, and hazardous 
waste monitoring. 

SICorp recently introduced a 
product called Quadmap. It is a "spa­
tiocarte," a map developed from 
satellite data at the scale of 1/24,000° 
which is compatible with maps 
provided by the USGS. SICorp has 
already received an order for several 
hundred Quadmaps from the U.S. 
National Forest SeNice. 

The company's next product will be 
a "1 AP" film for analog data process­
ing machines used by photog ram­
metry seNices to exploit stereo 
images from SPOT. It also plans to 
introduce a set of spatiocartes at 
scales of 1/50,000°. With these 
enhanced products, SPOT Image 
hopes to lure customers from the 
aerial photography market. "Our major 
competitor is not Landsat but aerial 
photography," Brachet said. 

A high-resolution image of the La Crau region of France collected by SPOT from 800 km Novespace, A Team Of Skilled 
Consultants 

be able to provide an uninterrupted flow 
of data into the next century," said 
Gerard Brachet, chairman of SPOT 
Image. 

Last year, SPOT Image achieved 
sales of $23 million and should reach 
$26 million in 1990. Twenty percent of 
its market is in the United States, where 
it has established a fully-owned subsidi­
ary called SICorp. According to Brachet, 
the company's U.S. sales are expected 
to increase by 25 percent in 1990. One 
reason is the $4.7 million contract the 
Department of Defense recently 
awarded to SICorp for the delivery of 
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several thousand SPOT scenes, 
mostly 10m raw data, by late 1991. 
The data will be processed by the 
Defense Mapping Agency and used in 
preparing the flight missions of USAF 
Tactical Air Command pilots. 

Novespace is the first private 
company created to put space tech­
nology to profitable use in other 
economic sectors, and to promote the 
use of space microgravity by industry. 
Established four years ago under the 
impetus of CNES and eight banks, 
Novespace is directed by Jean-Pierre 
Fouquet, who previously worked in this 
line with Aerospatiale , after spending 
time as scientific attache for space 
affairs at the French embassy in 
Washington , DC. 

Thirty percent of SICorp's custom­
ers are government agencies and the 
other 70 percent private users and 
state organizations such as the 
Florida Department of Planning and 
the Oregon Department of Water Re­
sources. SPOT data is used in such 
diverse areas as mapping, petroleum 
and mineral exploration, crop 

Novespace has assembled a team 
of highly-skilled consultants that can 
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Soterem: Pioneering The 
Microgravity Business 

Soterem is a good example of a successful small enter­
prise in aerospace. The company was started 15 years ago 
with only ten people and $20,000 capital. Last year, it achieved 
sales of $6.5 mill ion with a staff of 56. 

The company serves as a design, engineering , and manu­
facturing subcontractor in the automotive, nuclear, and space 
industries. In addition to space kits , it has developed such 
innovative products as a programmable electronic gearbox 
used to synchronize electronic motors, a 2D-vision recogni­
tion system, and a water-jet cutting machine that works at 
b.igh pressures to cut composite sheets for printed circuit 
boards. 

Space activities account for 40 percent of Soterem's 
business. The company produces satellite integration dollies, 
solar panel deployment mechanisms, specialized battery 
chargers, and ground support equipment for French satel­
lites. It also manufactures pedestal structures and servo­
positioning mechanisms for ground tracking antennas. More­
over, Soterem has extensive experience in developing sample 
cartridges and space furnaces for materials processing in 
zero gravity. Its major achievements in this area include: 

-CPF (Crystal Pulling Furnace) , a three-zone furnace de­
signed to achieve pulling speeds of 10-4 to 10.3 cm/sec. up to 
1200°C with a thermal gradient of 30°C/cm. CNES will use the 
furnace to investigate thermo-solutal convection under micro­
gravity conditions. 

-AGHF (Advanced Gradient Heating Facility), a Bridgman­
type furnace for directional solidification of metals and semi­
conductors in weightlessness. The AGHF works at tempera­
tures up to 1400°C with a thermal gradient of more than 
140°C/cm. 

-MZF (Multi-Zone Furnace) , used for vapor-phase crystal 
growth experiments. The facility has three independent iso­
thermal zones heated by sodium fluid circulating in pencil-like 
heat pipes. Four MZFs will be installed in the MFA (Multi­
Furnace Assembly) of Eureca, the European Retrievable 
Carrier slated for launch aboard the space shuttle in 1991 . 

-Mephisto, a sophisticated facility for studying materials so­
lidification in zero gravity. It can achieve high thermal gradient 
up to 500°C/cm and solidification rates from 5.10.2 to 5.10·5 
cm/sec. Soterem built the mechanical and thermal elements 
of the furnace, designed by CNES and CEA (the French 
Atomic Energy Agency) as part of a cooperative program with 
NASA. Mephisto is planned for six flights on the space shuttle 
with the IML 2. 

In 1988, Soterem was selected to develop the Large 
Primate Facility designed to accommodate two Rhesus monkeys 
for up to 18 days in space. The facility is to be delivered within 
two years to fly on the shuttle as part of a CNES-NASA 
cooperative venture. 

The contracts for the primate facility and Mephisto are the 
largest Soterem has received to date. Each is worth more 
than $1 .7 million. "We now expect to address larger contracts 
and find other customers abroad," said John Williams, Sot­
erem's project manager for space activities. Target areas 
include Asia, the Soviet Union, and the United States. 0 

Mephisto is a sophisticated furnace used to study basic solidifica­
tion processes in materials under microgravity conditions. 

(Speclsl AdvertisIng Supplement) 

solve problems as diverse as fi nding French partners for 
interested foreign firms (and vice versa), conducting 
feasibility or market studies in high-tech fields, or perform­
ing product opportunity analyses for microgravity research . 
This multifaceted approach has proven highly attractive to 
cl ients in Europe and Japan. 

The company publishes a magazine called Mutations 
that presents innovative technologies available for transfer. 
It is distributed free of charge to 20,000 readers, including 
15,000 in France and 5000 in the rest of Europe, the 
United States, and Japan. Novespace acts as an interme­
diary, bringing together technology developers and 
potential users and following through on the transfers as 
they evolve toward their final legal, financial, and technical 
status. 

In the microgravity arena, Novespace is again taking a 
multifaceted approach, ranging from promotion and 
consulting to actual system operation. To make non­
aerospace companies aware of the benefits of experiments 
conducted in weightlessness, Novespace publishes a 
bimonthly newsletter in French, Mutations Microgravite, 
which reports on worldwide activities in this field. 

Since raising awareness is only the first step, Noves­
pace also proposes case studies and various experimental 
opportunities, encompassing drop towers, experiments on 
board the space shuttle and Mir space station, and 
parabolic flights. 

Novespace was named exclusive commercial operator 
for parabolic fl ights on a Caravelle aircraft converted by 
CNES for low-G experimentation. This facility has been 
used by French, German, and Japanese cl ients for more 
than a year. 0 

-----------------~---
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Pivotal-Function Assessment of Reliability of Software 
Improved estimates of reliability with statistical confidence are obtained when 
relatively few testing data are available. 

Langley Research Center, Hampton, Virginia 
At any stage of the software-testing proc­

ess, it may be desirable to assess the cur­
rent reliability of the software or predict its 
future behavior. The usual application of 
asymptotic results is inadequate for com­
puting these limits, especially when only a 
small number of bugs (design flaws and 
coding errors) have been found during the 
testing process. Consequently, an ap­
proach has been developed to establish 
the utility of pivotal functions for estimation 
and prediction of the reliability of the soft­
ware. 

With a geometric rate model as a basis, 
pivotal functions are derived for generating 
confidence limits for reliability at a speci­
fied mission time and for generating pre­
diction limits for the time to the next failure. 
These confidence and prediction limits 
provide a means of assessing the quality of 
a piece of software in ways that account 
for the number of bugs found and the ef­
fects of sampling variation associated with 
the random order of discovery of bugs. 

The process of testing and development 
consists of inserting a series of randomly 
selected test cases into the software and 
correcting bugs as they occur. Interest is 
focused on the intervals of time between 
detections of bugs. In general, as more 
bugs are removed, the interfailure times 

are expected to increase. Hence, the re­
liability of the software is expected to in­
crease as the process continues. 

Confidence limits for reliability and pre­
diction limits for the time to next failure are 
derived on the basis of Moranda's geome· 
tric deutrophication model. Previous work 
in this area has emphasized estimation of 
the parameters of the model by least­
squares approximation or maximum-likeli­
hood techniques as employed by Moranda. 
However, the emphasis here is on the gen­
eration of confidence and prediction limits 
for reliability. 

To generate these limits, pivotal func­
tions are constructed, and the percentage 
points of the distributions of the pivotals are 
produced by Monte Carlo simulation. The­
oretically, asymptotic normality of the esti­
mators could be used to construct asymJF 
totically-distribution-free confidence limits 
for reliability. However, because of the 
inadequacy of the asymptotic approxima­
tions for small numbers of bugs, confi­
dence and prediction limits based on the 
limiting distributions would be poor approx­
imations to the true limits. Many of the ex­
isting software-testing data consist of rela­
tively small numbers of bugs detected, with 
more than 50 bugs detected being uncom­
mon. Unless other approaches, such as 

estimating the percentage points of the 
pivotal distributions by higher-order aJF 
proximations of their moments are con­
sidered, the use of the simulated pivotal 
distributions provides the better way of 
computing the confidence and prediction 
limits, especially for real data, where the 
number of bugs discovered is small. 

Pivotal functions are effective tools for 
the determination of confidence limits for 
the reliability of software and prediction 
limits for the time to next failure. The method 
of pivotal functions provides exact confi­
dence and prediction limits regardless of 
how many bugs have been found in the 
software. Furthermore, the distributional 
form of the interfailure times does influ­
ence the confidence level of the prediction 
limits, but the method of pivotal functions 
appears robust for a special case of 
Pareto-distributed interfailure times. Be­
cause of the sensitMty of the model to the 
distribution of interfailure times, the use of 
the Moranda model should be restricted to 
cases in which interfailure times are ex­
ponentially distributed. 

This 'Nark was done by Kelly J. Hayhurst 
of Langley Research Center. For further 
information, Circle 50 on the TSP Request 
Card. 
LAR-13842 

Procedure for Labeling Linear Finite-State Codes 
The procedure simplifies the structures of encoders. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 

A method for labeling the state dia­
grams of linear finite-state codes has been 
developed. It simplifies the implementation 
of the encoder hardware. The method can 
also be used to label a state diagram that is 
not completely connected to obtain a line­
ar finite-state code that has a larger free 
distance. 

An (n, k, m) finite-state code on a 
c-connected state diagram is defined as a 
code that has the following properties: 
1.The code has rate kA'l. 
2. Its operation can be represented by a 

state diagram with 2m states. 

NASA Tech Briefs, July 1990 

3. There are 2C(c"m) branches going into 
each state and 2C branches going out of 
each state. 

4. Each branch of the state diagram is as­
sociated with a code (code word length = 
n and code size = 2k - C), and any two dif­
ferent codes associated with different 
branches are disjoint. 
The problem of finite-state codes is re­

lated to the problem of convolutional codes. 
A typical encoder of an (n1, C, m) convolu­
tional code consists of a linear sequential 
circuit (with c shift registers) that accepts c 
input bits and puts out n 1 bits. The opera-

tion of such an encoder can be represent­
ed by (1) a state diagram with 2m states, 2c 

branches going into each state, and 2C 

branches going out of each state; or (2) a 
c xn1 transfer-function matrix G[o], the 
entries of which are polynomials in 0 , reJF 
resenting the generator sequences of the 
code. 

To guarantee a noncatastrophic finite­
state code with good distance properties, 
the labeling of the branches of the state 
diagram must satisfy the follOWing condi­
tions: (1) different labels out of each state; 
(2) different lables into each state; and (3) 
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no disjoint paths with identical labels that 
remain unmerged indefinitely. 

The labels of the state diagram of a 
finite-state code can be assigned by using 
the linear sequential circuit (with shift regis­
ters) of a noncatastropic (n 1, e, m) convo­
lutional code. Let the e shift registers have 
lengths/1,/2, ... lc ,where/1+/2, ... lc = m. 
The pth rCNol of the corresponding e x n 1 
transfer-function matrix thus consists of 
polynomials in 0 of degree no greater than 
Ip for 1 tr;.ptr;.e . 

Each branch in the state diagram is as­
signed the n1-output-bit sequence be, 
b 1, ... , bn,_1 of the shift register. There is 
assigned, to the branches of the state dia­
gram that are associated with the n 1-bit se­
quence bo, b 1, · .. , bn -1, the label i = 
bO+2b1 + ... +2n-1 b~ - 1, Each of such 
labels represents one of the disjoint codes. 
There are 2n, of them. This modified state 
diagram of the convolutional code is used 
as the state diagram of an (n, k, m) finite­
state code on a e-connected state dia­
gram. 

A shift-register circuit can be construct­
ed to generate the state diagram of a finite­
state code that satisfies conditions 1, 2, 
and 3. Condition 1 is satisfied if, for a fixed 
shift-register content, different inputs to the 
shift registers produce different outputs. 
This can be achieved if there exists at least 
one e xc submatrix Q,{O) of the transfer-

function matrix G(O),i = 1, 2, ... , (~), such 
that the term "1" appears exactly once in 
each row and in each column of Qf...O). 
Similarly, condition 2 is satisfied if, for a 
fixed input, different shift-register contents 
produce different outputs. This can be 
achieved if there exists at least one ex e 
submatrix QAO) j = 1, 2, ... , (~) such that 
the term OJ~ representing the last shift­
register stage of the pth shift register at> 
pears exactly once in rCNol p for 1~ptr;.e , 
and each of these 0 1" 0 12, .. . , Ole terms 
appears in different columns of Qj(O). As 
long as the (n1 ' e, m) convolutional code 
that generates the state diagram of the 
finite-state code is noncatastrophic, then 
the labeling also satisfies condition 3. 

Even though a finite-state code has a 
linear convolutional structure, the overall 
code may not be linear if the cosets are not 
properly assigned to the outputs of shift 
registers. To perform a proper assignment, 
one proceeds as follows: 

Let C be the parent (n, k) code. Let S be 
an (n, k1) subcode of C. By virtue of a 
theorem from linear algebra, there exists a 
subcode W of C (W is an [n, k - k 1] code) 
such that 

S+W = C 
S n W ={O} 

dim S+dim W = dim C 
The 2k - k, cosets are constructed by 

Complete vacuum measurement with 
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hot & cold cathode ionization gauges. Collectively, these economical 
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adding each word in Wto S. That is, 
w +S 'V wE W. 

The set of all binary k - k rtuples is isomor-
phic to W. Let{wo, w1' ... , W k - k,-1} be a 
basis of W Let bo, b 1, ... , bk- k,-1 be the 
k - k 1 output bits of the convolutional en­
coder. Let the coset assigned to the bran­
ches labeled by the binary (k - k 1rtuples 
bo, b 1,···, bk-k, -1 be denoted by L(bo, 
b1,· .. , bk - k, -1)' Then the assignment 

L(bo, b 1,···, b k_k,_1) = S+{bowo+ 

b1w1 + ... +bk- k, -1w k-k, -1} 
of cosets to the branches in the state dia· 
gram guarantees the linearity of the code. 

This work was done by Kar-Mi(YJ C11eu(YJ 
of Calteeh for NASA's Jet Propulsion 
Laboratory. For further information, Orele 
79 on the TSP Request Card. 
NPO·17774 

Space Information 
for Educators 
Anyone with a personal 
computer, modem, and 
telephone line can obtain 
educational materials 
from NASA. 

Marshall Space Flight Center, 
Alabama 

Access to a collection of NASA informa· 
tion, stored in a computer in HuntSVille, 
Alabama, can be obtained over telephone 

I lines from computers in classrooms and 
homes. The information is available free of 
charge. (HCNoIever, users must pay their 
own telephone charges.) 

The data base offers information on the 
follOWing topics: 
• NASA news - NASA workshops for 

teachers, news releases, ~ce Shuttle 
status reports, recent speeches by NASA 
managers, television schedules, Space 
Shuttle manifests, and current Space 
Shuttle flight activities. 

• Research in aeronautics - documents 

NASA SPACELINK CONTROL KEYS 
Key Response 

C Continuous ScrOlling 
S Stop Viewing Document 

ControllS Pause 
ControllO Cancel ControllS 
ControllX Cancel XMODEM· 

• Note: XMODEM Is a publlc-domaln file-
transfer protocol. 

The User Can Communicate With Space­
link via almost any existing communication 
software. Simple keystrokes control the 
display of documents on the user's terml· 
nal. 

NASA Tech Briefs, July 1990 



Macsyma® ... 
the most powerful 
math software 
in the world of 
workstations 
mainframes, 
amJ PCs* 
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copyright t989 Symbollcs Inc. 

When it comes to solving 
complex symbolic and numerical 
math problems, there's no substitute 
for power. Other math packages 
claim they have it, but when it 
comes to the crunching they can't 
do much more than pretty graphics. 

MACSYMA has the power 
you need. 

With MACSYMA, you can 
easily tackle math modeling prob­
lems that other packages just sit and 
stare at. You can perform complex 
symbolic, numerical , and graphical 
calculations automatically - in 
applications ranging from plasma 
physics to aeronautics, from eco­
nomics to fluid mechanics and more 
- right at your desk. Calculations 
such as differential and integral 
equations, Laplace and Fourier 
transform , vector and tensor calcu­
lus .. . with greater depth and accu­
racy than any other software. 

And MACSYMA is getting 
more powerful all the time, with 
dozens of new features to simplify 

the most complex math. 
But there's one thing about 

MACSYMA that isn 't complex ­
using it. You can get right to work 
using our On-line Help and Quick 
Reference Card - without even 
opening a book. 

Call 1-800-622-7962 (in 
Massachusetts, 617-221-1250.) 
MACSYMA Is a registered trademark of Symbolics. Inc 

symbolics Inc 

Macsyma Division 
8 New England Executive Park East 
Burlington, MA 01803 USA 

' including Sun-4, Sun-3, Symbolics and 
Apollo workstations, VAXes and 100% IBM­
compatible 386/DOS-based pes. 
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• Drums 
• Plugs 
• Inflatables 

on the National Aerospace Rane, aircraft 
propulsion, wind tunnels, and aircraft de­
sign. 

• Space exploration before the Space Slut­
tie - Mercury, Gemini, ,Apollo, and SkyIab 
programs; planetary probes; and satellites 
of the 1950's, 1960's, and 1970's. 

• Exploration with the Space Shuttle and be­
yond - spacecraft, payloads, astronauts, 
planetary probes, space observatories, 
and satellites. 

• NASA and its centers - the responsibili­
ties and resources of research centers. 

• NASA educational services - Aerospace 
Education Services Project, Urban C0m­
munity Enrichment Program, Summer 
High School Apprenticeship Research 
Program, Space Science Student Involve­
ment Project, teacher workshops, educa­
tors mailing list, telelectures, teacher 
resource centers, and science fair sup­
port. 

• Oassroom materials - space science 
lesson plans and activities, astrooomy in­
formation, film and video lists, computer 
programs, career information, computer 
graphics, and a source list for pictures and 
posters. 

• Space program spinoffs - reports on the 
ways in which space research benefrts in­
dustry and the public. 

NASA Spacelink has a main memory of 
14 megabytes and disk storage space for 
708 megabytes. It can communicate with 
eight callers simultaneously at bit rates of 
300, 1,200, or 2,400 baud. 

The system is designed to communi­
cate with a variety of computers and 
modems (see table). Callers can reach it by 
dialing 205-895-0028. Rrst-time callers will 
be greeted by an introduction to NASA 
Spacelink and will be asked for back­
ground information so that NASA can mail 
them information as necessary. They will 
acquire personal user names and pass­
words so that they can gain access to the 
system quickly on future calls. 

Easy-touse menus are presented to call­
ers. For example, a teacher planning a 
lesson for sixth graders about food for as­
tronauts would choose item 9 on the main 
menu, Materials for Classroom Use. From 
subsequent menus, the teacher would se­
lect item 2, Living in Space Activities, 
Grades 1-6, then item 2, Food Lesson 
Plans, then item 6, Grades 4-6. The last se­
lection would call up a document contain­
ing suggested activities for sixth-grade 
students. 

This work was done by Bill Anderson 
and Dean Martin of Marshall Space 
Flight Center and Alan Cunningham of 
Data General Corp. For further informa­
tion, Orcle 75 on the TSP Request Card . 
MFS-27221 

NASA Tech Briefs, July 1990 



Probabilistic Determination of Motions of Robots 
A heuristic-path-planner method has potential to reduce computing time. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A heuristic path-planning algorithm is a 
subject of continuing research on proba­
bilistic methods for guiding the motions 
of robots. The probabilistic approach is 
motivated by the need to reduce the com­
putational burden imposed by the exact 
approach, in which motion is typically de­
termined by searching a graph of a deter­
ministic representation of free configura­
tion space available to a robot. The exact 
approach is practical only if the environ­
ment is static, if there are few degrees of 
freedom, if long rnotion-planning times are 
acceptable, and if fast computing resourc­
es are available. 

In the heuristic path-planning algorithm, 

the probability of successful motion of a 
robot through a region of space is obtained 
from a geometric model and captures the 
effects of objects in the region and the kin­
ematics of the robot arm. This information 
is used to guide an on-line search and re­
sults, in most cases, in the successful de­
termination of a path within a reasonably 
short time. 

The method embodied in the algorithm 
can be regarded as a search method in 
which each robot link tries to move along 
multiple paths in the attempt to move the 
whole robot arm toward the goal. In a proc­
ess reminiscent of diffusion, the motion of 
each link is influenced by a gradient term 

that attracts the arm to the goal and repels 
it from the vicinity of any given object (the 
presence of which could be detected by 
sensors). The gradient term is associated 
with a distribution of motion-transition 
probabilities, which are conditional proba­
bilities determined by obstacles and bY-the 
kinematics of the robot arm. Thus, the algo­
rithm can also be regarded as a Monte 
Carlo approach to the solution of an equa­
tion for diffusion. 

This work was done by J. BaJaram of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Ore/e 128 
on the TSP Request Card. 
NPO-17738 

Minimal·lnversion Feedforward·and·Feedback Control System 
Three control subsystems can be designed independently of each other. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Recent developments in the theory of 
control systems support the concept of a 
minimal-inversion feedforward-and-feed­
back control system consisting of three in­
dependently designable control subsys­
tems. The concept is applicable to the con­
trol of a linear, time-invariant plant de-

scribed by the following equations of state: 

-x(t) = Ax(t) + Bu(t); x(D) = D 

y(t) = CX(t) + Du(t) 
where x is the n X 1 state vector, u is the 
m x 1 input vector, y is the m X 1 output 
vector, and A B, C, and 0 are constant 

Check valves for safe, clean fluid containment 
• All welded - no seals to atmosphere 
• Bonded poppet design for accurate crack and reseal 
performance 
• Maximum working pressure 3000 PSI ; temperatures 
to 400°F 
• Nominal cracking pressure 2 PSI or less - reseals 
without backpressure 
• 316L stainless steel 
• Specially cleaned and electropolished internally and 
externally 
• Choice of end connections - 114" VCR metal gasket 
face seal fittings, 1/4" and 6mm SWAGELOK Tube 
Fittings or tube extensions 

1969 SWilgeIoI< Co .1 nohls reseNt<! PO-J.065 

NUPRO Company 
4800 East 345th Street 

A SWAGELOK COMPANY Willoughby, OH 44094 
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Compact, rugged bellows valves provide safe, 
all-metal containment of difficult fluids 
• No packings to wear or contaminate system fluids 
• Less than one full turn of handle opens valve to full flow 
• Guided, non-rotating stem for precise sealing and repetitive cycling 
• Variety of end connections and materials 
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• Service ratings to 1000 PSI (6800 kPa) @ 900°F (482°C) 
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matrices of appropriate dimensions. The 
plant is assumed to be controllable, 0b­
servable, and cyclic, so that its transfer­
function matrix has no pole-zero cancella­
tions. 

The developments begin with the simpli­
fication of the inverse-transfer-function 

POppeiS10P 

Immediately available from 
your local Authorized Sales 
& Service Representative. 

NASA Tech Briefs, July 1990 111 



matrix, followed by construction of a 
minimal-order-state-space realization of 
the simplified matrix_ The poles of the mini­
mal-order inverse have been shown to be 
the transmission zeros of the system. />s a 
result, necessary and sufficient conditions 
for existence and stability of the inverse 
system can be stated simply in terms of the 
zero polynomial of the original system. 

The related problem of perfect control of 
the output variables; namely, matching of 
commands and decoupling of disturb­
ances by means of feedforward controll­
ers, has also been formulated and solved 
in a transfer-function setting. It has been 
shown that a necessary and sufficient con­
dition for existence of the required control­
lers is that the zero polynomial of the trans­
fer function of the plant not be identical to 
zero or unstable. The required controllers 
are realized by a parallel combination of a 
proportional-multipl(Hjerivative term and a 
dynamic term, where the order of the dy­
namic term is equal to the number of trans­
mission zeros in the transfer function of the 
plant. 

The resulting conceptual system in­
cludes a feedback controller to enhance 
the stability and robustness of the system, 
a feedforward controller to ensure match­
ing of commands, and another feedfor­
ward controller to decouple disturbances 
(see figure). This proposed combination of 
feedback and feedforward controllers has 
the full advantages of both types of con­
trollers. In other words, the stability and 
robustness offered by the feedback con­
troller is combined with the output-control 

Disturbance. 
W 

Feedforward Controller 'or 
DIsturbance Decoupllno. p(s) ~ 

'--~'~-~~ Command Mltchlng. 0(1) 

+ + 
Command, 

+0.. Output. 
V Feedback + u y 

Controller, PIonI 
K(I) 

Note. IS _ The Laplace·Transform Complex frequency. 

The Proposed Control System would Include three controllers, each of which could be 
designed Independently of the others. 

capabilities of the feedforward controllers 
In a single control scheme. An important 
feature of this control scheme is that each 
controller performs only its own specific 
task and has no effect on the features ob­
tained by the other controllers. These sep­
arated and yet coordinated controllers can 
be designed independently based on the 
open-loop plant and then integrated in the 
overall control scheme. 

One interesting feature of the proposed 
system is that the feedback controller K(s) 
is placed entirely in the forward path and 
acts only on the tracking error e. This is dif­
ferent from the classical servomechanism 

configuration in which the feedback con­
troller is partly in the forWard path acting on 
the position error and partly in the feed­
back path providing velocity damping. The 
proposed configuration in which the feed­
back controller K(s) is collocated has the 
main advantage that the design of K(s) can 
be carried out based on the open-lOOp 
plant and independently of the feedforward 
controllers P(s) and O(s). 

This work was done by Homayoun Seraji 
of Gaftech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 10n 
the TSP Request Card. 
NPO-17701 

Algorithm for "Bang-Bang" Control Laws 
Switching times are updated to minimize errors in final positions. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An algorithm computes "bang-bang" 
control laws for single- or multiple-input 
systems, both those describable by linear 
dynamical equations and those descritr 
able by nonlinear dynamical equations that 
are linear in the control vectors. The algo­
rithm is needed because analytical solu· 
tions of "bang-bang" control problems are 
intractable for all but the simplest systems. 

In "bang-bang" control, the trajectory of 
a robotic manipulator or other system con­
sists of segments, along each of which the 
system is accelerated and decelerated 
with maximal control effort. The problem is 
to find the switching times tl (i = 1 to N), 
which are the times when anyone element 
of the control vector u(t) changes sign. 

The algorithm is based on the assump­
tion that an optimal solution exists and that 
the optimum control law has the "bang­
bang"formlul(t~ = M/forallt~O,whereul 
is the ith component of u and MI is a 
posnive constant. The algorithm finds the 
solution iteratively, taking the following gen-
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eral approach: 
1. Guess the switching times (t1, t2,·· . ,tN). 

2. Guess which element in u(t) swttches at 
each of the (tl' t2,.·· ,tN). 

3. Guess the innial control vector, l(O). 
4. Guess the final time, tN+ l' which will 

eventually become t;' 
5. Compute 

(where x is the state or posnion vector) to 
find the change in the final state x (t/l due 
to a change in each of the earlier swnch­
ing times ti. 
The map from each swnching time to 

the final state is continuous. This enables 
an update of the SWitching times based on 
the gradient of the miss distance (the dis­
tance between the actual and desired final 
states) with respect to the switching times. 
The idea is to refine the switching times in 
each iteration to drive the system closer to 
the desired final state. 

If the assumed number of switching 
times is greater than the optimum, some of 
the tl computed by the algorithm may ap­
proach each other, thus reducing the ef­
fective number of switching times. When 
the initial guess, u(O), of the control vector 
is erroneous, some of the ti may become 
negative, thus changing the effective u(O). 
These self-correcting features were not 
anticipated theoretically. 

Under some conditions, the solution 
produced by the algorithm is optimal with 
respect to time. When the optimal control 
law is not "bang-bang," the algorithm pro­
vides a suboptimal "bang-bang" strategy. 

This work was done by John Ting- Yung 
Wen of Cattech and Alan Desrochers of 
Rensselaer Polytechnic Institute for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 78 on the TSP 
Request Card. 
NPO-17603 
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Perfusion Bioreactor Module 
Cell cultures can be grown or maintained under controlled conditions. 

Lyndon B. Johnson Space Center, Houston, Texas 
The perfusion bioreactor module is a 

self-contained, closed-loop cell-culture 
system that can operate in microgravity or 
on Earth. This equipment can support the 
growth or long-term maintenance of cul­
tures of human or other fragile cells for ex­
periments in basic cell biology or process 
technology. The system is designed to sup­
port the proliferation Onitially at exponential 
rates of growth) of cells in a complex 
growth medium and to maintain confluent 
cells in a defined medium under conditions 
optimized to permit or encourage selected 
functions of cells, including the secretion of 
products of cells into the medium. 

The system (see figure) provides contin­
uous measurement and control of the envi­
ronment of the cells. It continually supplies 
oxygen and critical nutrients and removes 
toxic metabolic wastes. The bioreactor is 
controlled by a dedicated microprocessor­
based controller, which is connected to 
sensors, transducers, relays, and control 
circuits. The system measures the mass­
transport efficiencies and rates of transfer 
of gases. It can control the mechanical 
stress imposed by mixing and by devices 
(e.g., filters) that separate the cells from the 
medium. It can remove and concentrate 
samples of the cell-free culture medium for 
external analysis. It can also be connected 
to downstream bioseparation modules that 
can separate protein products directly 
from the effluent streams of the concen­
trated culture medium. 

The system consists of fIVe subsystems. 
One is the reaction vessel, which is equipped 
with a coaxial spin filter and independent­
ly-rotated, hydrodynamically contoured, 
flexible stirring vanes. This stirring-and-fil­
tration subsystem is designed' to operate 
within an optimum range of rotational 
speeds for uniform mixing, suspension of 
the cells or particles carrying cells, and 
minimal shear or collision trauma to the 
cells. The vanes are rotated slowly for mix­
ing. The filter can be spun slowly to en­
hance control of the shear to which the 
cells are exposed or rapidly enough for 
withdrawal of the medium at a rate of 80 to 
100 mLimin. 

The medium-circulation loop connects 
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the other subsystems. It includes two 
blocks of sensors that measure the pH, 
pC02> p02> and oxidationlreduction poten­
tials. From the differences between the 
p02 and pC02 in the inflow and outflow 
streams, the microprocessor can calcu­
late the metabolic rates of the cells. Valves 
add concentrated culture medium or acid 
or base for control of pH, as needed. The 
hollow-fiber dialysis subsystem is con­
trolled independently and has its own 
pump. The bubble trap (mainly for use in 
microgravity) removes bubbles formed by 
the dissolution of gas or by inadvertent in­
jection of gas through a leak in the oxy­
genator. 

The product-concentration side loop in­
cludes a high-molecular-weight filter that 
removes serum proteins from the growth 
medium and concentrates samples of the 
circulating medium for analysis. O:>nnec­
tions are provided to send the low-molecu­
lar-weight filtrate to a waste reservoir or to 
return it to the main circulation loop. 

The gas-exchange subsystem consists 
mainly of the oxygenator, which contains a 
semipermeable membrane or hollow-fiber 
gas-exchange module. Oxygen is trans-

ported through the membrane or fiber to 
saturate the depleted medium, and carbon 
dioxide is transported out of the medium. 
This subsystem operates similarly to a con­
ventional blood oxygenator. 

The microprocessor-control subsystem 
automatically maintains the operation of 
the bioreactor at the prescribed schedule 
of operating parameters, records data 
from the sensors, displays the status of the 
system, and alerts the technician to condi­
tions that require intervention. This sub­
system can be connected with any of a 
variety of personal computers, which can 
operate independently to analyze data 
statistically and to predict adverse trends 
in operating parameters. 

This work was done by Dennis R. Morrison 
of Johnson Space Center. For further in­
formation, Circle 33 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16}. Refer to MSC-21361 

The Perfusion Bioreactor Module monitors and maintains a cell culture in a growth 
or maintenance medium under con trolled conditions. 
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New on the Market 1 

The MicroView Scanning Tunnel­
ing Micro cope from EG&G Prince­
ton Applied Research Corp., Prince­
ton, J. can resolve atomic level 
images as an electrochemical reac­
tion occurs. Using the quantum­
mechanical phenomenon of " tun­
neling," in which electrons appear 
to bore through barriers such as air 
or a vacuum, the MicroView elec­
trochemically stimulates a sample 

Controlyne's TIGERTEC PDTK/1 , a 
flat-panel , plasma-lit AT keyboard 
(or data entry, replaces standard 
keyboards in low visibility light or 
darkness. The neon-orange-colored 
keyboard responds to touch via an 
infrated beam which scans the sur­
face and converts the touched key 
to physical coordinates. The coordi­
nates are transferred to the com­
puter in ASCII form through the se­
rial port. 
Circle Reader Action Number 800. 

in-situ and measures the resulting 1-:-__ -;-;---;:;;-_-,-;_-;-___ .., 
reaction while a real-time graphic 
image of the reaction site is dis­
played on a video monitor. 
Circle Reader Action Number 790. 

Using liquid crysta l lenses and 
a unique infrared technique, the 
Crysta I Eyes'" stereo 3D com­
puter graphics peripheral from 
StereoGraphics Corp., San Rafael, 
CA, emu lates human vision to pro­
duce a vivid, flicker-free 3D depth 
effect. The field-sequential, electro­
stereoscopic system consists of 
eyewear and an infrared emi tter, for 
use with a stereoscopic monitor and 
60/120 Hz workstation. 
Circle Reader Action Number 798. 

DeSigned for digital signal process­
ing and imaging applications, the 
MSP-6C30 high-speed, floating­
point VME array processor from 
Analogic Corp.'s Computer Design 
and Application (CDA) Div., Pea­
body, MA, uses single or dual Texas 
Instrument TMS320C30 proces­
sors in an architecture that provides 
up to 66 MFLOPS of processing 
power. The pro essors can operate 
separately or in combination on 
computationally-intensive tasks. 
When used with CONs 5MB-6E 
screen memory board, the MSP-
6C30 functions as a combined array 
and pixel processor that supports 
high-speed cines and zoom opera­
tions for dynamic imaging applica­
tions. 
Circle Reader Action Number 794. 

croscope 
Photovoh, Indianapolis, IN, 

provides wide-range magnification 
for aircraft maintenance, automo­
tive, biotechnology, plant mainte­
nance, semiconductor, and other 
applications. Dubbed the Mi­
crowatcher VS-20s, the microscope 
features CRT monitor, videotape 
recorder, and video printer interfac­
ing capabilities. An optional carrier 
can simplify on-site inspections 
while recording the inspection for 
later review. 
Circle Reader Action Number 792. 

Designed for small potting applica­
tions, the Epoxer dispenser from 
Chem-Mixx Technology, Medford, 
MA, provides convenient handling 
of one-component epoxy adhe­
sives, potting compounds, and other 
ca talyzed long-pot-life materials. 
The portable device features a reus­
able cartridge, control tube, and dis­
pense tip and is available with car­
tridge capacities of 20 or 200 cc. 
Circle Reader Action Number 796. 
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New on the Market 

Ideal for applications where heat or 
fire is a concern, AZ-Fire Flex noise 
absorption panels from Azonic Inc., 
Burnsville, M , offer a flame­
spread rating of 4.66, a smoke den­
sity rating of 24.66, and are avail­
able in a variety of thicknesses. 
Azonic products fabricated with the 
new AZ-Fire Flex material include 
ceiling tiles and hanging baffles. 
Circle Reader Action Number 782_ 

The SuperView "direct" projector 
developed by the Plus Corp. of 
America, Allendale, NJ, projects 
three-dimensional objects, trans­
parencies, and reflective art onto 
any screen surface, eliminating the 
need to switch back and forth be­
tween overhead and opaque pro­
jectors. Projections are in full color 
and with complete detail of depth, 
shade, and scale. The portable pro­
jector features a power zoom lens 
for on- creen magnification of small 
materials or objects. 
Circle Reader Action Number 788. 

Only 0.12 mm thick, Sanyo Elec­
tric's new Amorton'" solar cell 
film can be shaped to conform to 
three-dimensional surfaces that 
normally would not accommodate 
single or polycrystal cells, or glass/ 
stainless steel sub trate flat-panel 
cells. The film's light weight yields a 
power-to-weight ratio of 200 mil­
liwatts per gram, ten time that of 
conventional gla s cells. The Amor­
ton film will be demonstrated in 
early July, when it will be used to 
power the experimental Sunseeker 
aircraft during its flight across the 
U.S. 
Circle Reader Action Number 786. 
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The LEEPvideo System I artificial 
reality/telepresence system uses 
two synchronized, image-com­
pressed RS-170 signal to provide 
aural and visual presence with the 
widest field of view available in a I 
head-mounted display, according 
to the manufacturer, Pop-Optix 
Labs, Waltham, MA. The mono­
chromatic, LCD-based system 
comes with an instrumented puppet 
head that can be handheld or 
mounted on servo-driven platforms, 
remote vehicles, or robots. Its 
"eyes" have a field of view similar to 
that of human eyes and its "ears" 
provide true binaural spatial sound. 
Circle Reader Action Number 778. 

With a footprint 
square inches, Interpoint's new sub­
miniature HR100, 30-watt DC-DC 
converter uses less than 1/3 the 
board area of standard commercial 
converters. It power density rating 
is 20 watts per cubic inch. Each 
HR300 part is hermetically sealed 
in metal for EMI/RFI shielding and 
maximum resistance to moisture 
and corro ion. 
Circle Reader Action Number 784. 

A compact, low-profile CCD cam­
era for microscopy, radiology, non­
destructive testing, surveillance, 
and other low-light-level TV appli­
cations has been introduced by 
Xybion Electronic Systems, San 
Diego, CA. The ISS-255 camera I 
produces images in RS170 format 
compatible with standard VHS re­
corders and monitors, and is 
equipped with an 18 mm GE -II 
micro channel plate intensifier that 
provides 30 line pairs/mm resolu­
tion and a minimum inten ifier gain 
of 18,000. The camera offers a I 
sensitivity of 10 • foot-candles and 
400 TV lines of resolution. 
Circle Reader Action Number 780. 

SPECIFY STEVENS URETHANE FILM AND SHEET. 
When you can't tolerate product failure, look to 
Stevens polyurethane film and sheet for the answer. 
Its ability to stand up to continual flexing and resis­
tance to cracking makes it the ideal material for 
high performance aircraft earphone cushions. And, 
urethane is more comfortable against the skin, too. 
Stevens urethane film and sheet could be the solu­
tion to your design problem. Thicknesses from .001" 
to . 125~' Widths from 5" to 60" Send for our free 
brochure today. 
J PS Elastomencs Corp. 
Industrial Products DiviSion 
395 Pleasant Street 
Northampton. MA 01060 
TeL (413) 586-8750 

STEVENS 
Elastomerics 

Fax: (413) 584-6348 

Miniature Bellows 

Universal Applications 
Servometer manufactures Miniature Electrodeposited 
Nickel Bellows featuring: 
• No shape limitations • Gold or silver plate finish 
• Wall thickness from .0003" to .020 ", multi-ply also 

• Outside diameters from .040" to 4.00" 
• Leak tight to 1 x 10-9 cc He/sec 

501 Little Falls Rd., Cedar Grove, NJ 07009 
(201) 785-4630 • Fax: (201) 785·0756 
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Hear it for yourself. Azonic acousti­
cal foam panels provide better sound 
deadening performance at a lower 
cost than other panels. Proprietary 
new sound-trapping shapes and 
expert computer-aided placement 
guides are why we can GUARANTEE 
noise reduction results. 

• Noise Reduction Coefficient (NRC) values up to 1.25. 
• New AZ-Fire Flex'M Heat Resistant to 482 0 F. 
• Wide selection of materials, thicknesses and colors. 
• OEM special applications and 

enclosures - call for quote. 
If noise is a problem, call Azonic 
toll free at 1-800-842-9790. 
You'll like what you hear. 

® 1610 E. Cliff Road 
Burnsville, MN 55337 
Phone 612-894-2230 

Noise Reduction From A to Z FAX 612-894-2748 
© 1990 AZONIC, Inc. 

Circle Reader Action No. 477 

5QfhJbe" 
fittings 

Make secure 
connections 
on pvc vinyl 
tubing. 

Easy to use, Softube fittings connect and 
clisconnect in seconds, without tools. Eliminate 
hose clamps and leaks. New sleeve design 
makes a 3600 seal on soft wall plastic tubing. 
Fittings for 1/ 4", 3/ 8" and 1/ 2" ID tubing. 

CPC makes a complete line -Alre::~Y""" 
of couplings and fittings for 
plastic tubing. Write for free 
Softube literature -

CPc'MCOLDER PRODUCTS CO. 
1001 Westgate Drive· SI. Paul. MN 55114· Call 612-645-0091 
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New on the Market 

Citranox acid detergent from AI­
conox Inc., New York City, is scien­
tifically formulated with se­
questrants to remove milkstone, 
scale, metal oxides, trace metals, 
calcium deposits, and carbonates, 
while its powerful emulsifiers clean 
off fats, oils, grease, and solvents. 
The aqueous, phosphate-free deter­
gent cleans metal , plastic, glass, 
rubber, and ceramics in hard or soft 
water. It is recommended for man­
ual , flow-through, and ultrasonic 
cleaning methods. 

A 37-pin high-den ity connector 
from Cerama eat \lew Lebanon 

y, provides state-of-the-art prob­
ing, monitoring, and operating of 
low- and high-vacuum chambers 
and systems. The moisture- and 
corrosion-resistant connector oper­
ates on 600 volt DC power, and is 
bakeable to 200°C. Its rugged con­
struction enables its use up to 1000 
psi. 
Circle Reader Action umber 776. 

A new high-speed IEEE 488 bus ex­
tender from IOtech Inc., Cleve­
land, OH, communicates at rates 
as high as 800 Kbytes/sec and con­
nects devices up to 1,000 meters 
away without speed degradation. 
The Extender488/HS also expands 
the bus by allowing up to 27 de­
vices to be connected to one 
controller-13 more than the IEEE 
bus normally allows. Both bus ex­
tension and expansion are per­
formed transparently. 
Circle Reader Action Number 768. 

Circle Reader Action Number 774. 

The SC\ FOX'" BOX stand-alone 
computer from Silicon Composers, 
Pa lo Alto, CA, uses the Harris RTX 
2000™ real-time microprocessor to 
achieve 18 MIPS performance for 
applications such as real-time con­
trol , data acquisition, image and 
signal processing, factory automa­
tion, and process control. All non­
memory instructions execute in one 
clock cycle, while memory access r-~----~--~~-....4 
instructions take two cycles. The An innovative sensor technology 
chip has a para llel multiplier that developed by GTE Laboratories, 
performs a 16-bit by 16-bit mu ltiply Wa ltham, MA, can detect any gas 
with a 32-bit resu lt in one cycle. that contains or reacts with oxygen, 
Circle Reader Action Number 766. including nitrous oxide, hydrogen, 

methane, and ethane. The proprie­
tary technology employs an electro­
chemica l pumping principle to cre­
ate a flow of ionized oxygen 
through a stabilized zirconia ce­
ramic hody. This yie lds an electrical 
ouput directly proportiona l to the 
concentration of gas being sensed. 
Because the electrical outpu t is a 
l inear function of the gas concentra­
tion, the techno logy achieves 
greater accuracy than the more 
commonly used logarithmic ap­
proach. 

Panasonic Communications and 
Systems Co., Secaucus, NJ. has 
introduced the Data Partner 1T-78S, 
an MS-DOS handheld data collec­
tion computer featuring a backlit 
touch-panel screen. The light­
weight unit uses a 16-bit 80C88-
equivalent microprocessor to proc­
ess data at4.9 MHz and offers up to 
768K RAM. It displays text and 
graphics at a resolution of 160 x 200 
dpi and has a 21-key keypad. 
Circle Reader Action Number 772. 

Circle Reader Action Number 770. 

NASA Tech Briefs , July 1990 



New Literature 

A full-color brochure from 
Movomatic USA, Greenville, RI , 
features the company's in-process 
and post-process gaging systems, 
including. the CR Series diameter 
gaging systems, designed for in­
process grinding applications, and 
the TMP 81 lateral positioning gage 
for attive or passive part position­
ing. Metrology equipment, stepper 
motor controls, and honing and 
grinding machine contro ller sys­
tems are also described. 
Circle Reader Action Number 708. 

A new brochure from Du Pont Elec­
tronics, Wi lmington, DE, discusses 
ceramic technology capabilities in 
high-end multilayer applications for 
the military. The brochure provides 
an overview of performance, de­
sign, and manufacturing advan­
tages of ceramic thick-fi lm and 
Green Tape ™ materials and tech­
nologies in multilayer substrates. 
Circle Reader Action Number 710. 

More than 60 families of synchro, 
resolver, l VDT, RVDT, and 
Inductosyn'" converters are de­
scribed in a new short-form Cdt­
alog from Control Sciences Inc. 
(CSI), Chatsworth, CA. The publica­
tion features CSI 's card-mounted as­
semblies, modular families, instru­
ments, rack-mounted systems, and 
airborne military systems. New 
products include a differential con­
trol transmitter, programmable bi­
nary-to-BCD converter, low-profile 
two-speed converter, and a synchro 
amplifier. 
Circle Reader Action Number 712. 
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Concord Electronics Corp. of ew 
York City is offering a free 180-page 
electronic hardware and test ac­
cessories catalog featuring lithium 
battery holders, transistor sockets, 
insulated terminals, multimeter and 
miniature test lead kits, patch cords, 
and jumpers. Other product high­
lights include an extensive line of 
RF connectors, slide-on and inter­
series adaptors, teflon terminals, 
plugs, jacks, and dual test adaptors. 
Circle Reader Action Number 706. 

A 600-page data acquisition and 
computer interface handbook is 
available free of charge from 
Omega Engineering Inc., Stamford, 
CT. The handbook features data ac­
quisition and engineering software, 
communications-based acquisition 
systems, plug-in cards, data logging 
systems, recorders, printers, plot­
ters, industrial process controls, sig­
nal conditioners, and technical 
books. 
Circle Reader Action Number 702. 

Solid State 
• Thermal 

Time Delay Relays, 
Flasher$' & 

TIming Controls 

A free brochure from Amperite 
Co., Inc., Union City, NJ, describes 
the company's line of thermal and 
solid-state timing controls. Spot­
lighted are Amperite's B Series ther­
mal time delay relays; C Series 
solid-state time delay re lays; D Se­
ries solid-state flashers ; and Glass 
Tube line of hermetically-sealed 
time delay relays and flashers. The 
products are available in various 
timing ranges, input voltages, con­
tact functions, mountings, and 
sizes. 
Circle Reader Act ion Number 704. 

NEW and IMPROVED 
SPECIFICATIONS! 

The all-new 
UM-7900 
UTILITY MASTER PLUS ... 

DOES IT ALL! 
Now! A hand-held d igital "smart" 
meter ideal for electrical or 
el ectronic servicing. Handles 
measurement needs on 
conductors up to 2%" dia. 

MEASURES & DISPLAYS: 
• Current • Voltage • True, 
Reactive and Apparent Power 
• Power Factor . Phase Angle. 
Frequency from 40 to 500 Hz. 

6120 Hanging Moss Rd .. Orlando, FL 32807 
Phone: 407-678-6900 

AUTO 10K IK 100 10 10 

VMS V'I ~ -oc AC­

VOlJS AMPS DEG P F HZ JCW 

IB.B.B.B 
Features: 
• Illuminated LCD 

directly in line 
of sight d isplays 
all functions 

• RS-232 port for 
remote operation 
or printer interface 

• Peak and hold on 
all parameters 

• Accurately 
measures power 
in d istorted 
wave forms 

Circle Reader Action No. 513 

PRODUCT: 

Flex-Circuits 

APPLICATION: 
Aerospace, medical, 

FEATURES: 
Mul tilayers: Plated through·hole Interconnects. 
Complete Assemblies: Stiffeners, connectors, pins. 
Quality Assurance: Stri ngent documentation. 

SPECS: MIL-P-50884(C), TYPE 4; DOD-STD-2000, NHB5300.4(1 B); 
FDA Regulation Part 820; MIL-Q-9858. 

USER NOTES: Use for greater wiring denSi ty, reduced space and 
weight, high reliability In critical applications. 

Wh~n quality and performonu ore as importont o. price. coli .. 

MINCO PRODUCTS, INC. 
7300 CommercII Lane/Minneapolis, Minnesota 55432 U.S.A. 
Te/ephone:(612)5 71-3121ITWX: 91(}-576-28481 FAX:(612)571-0927 
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118 Circle Reader Action No. 540 

New Literature 

A SOO-page engineering handbook 
covers lightning protection of air­
craft and other aerospace vehi­
cles, systems, and components. 
Available from Lightning Technolo­
gies Inc., Pittsfield, MA, the hand­
book addresses the basics of natural 
lightning and the physical concepts 
and technologies of high-voltage 
phenomena that determine the ef­
fects of lightning on air vehicles. It 
includes the bilckgrounds and in­
terpretations of civil and military 
airworthiness certification regula­
tions and test standards, as well as 
results of recent flight research pro­
grams. 
Circle Reader Action Number 720. 

Semicoa Semiconductors, Costa 
Mesa, CA, is offering a free catalog 
detailing its high-reliability transis­
tors for the industrial, military, 
medical, and aerospace markets. 
The catalog provides specifications 
for Semicoa's MIL-S-19S00 transis­
tors; PN and P P silicon power 
transistors; UHF, low-level, and 
high-frequency amplifiers; P , 
PNP, and high-current medium­
speed amplifiers; and differential 
and dual amplifiers. 
Circle Reader Action Number 714. 

A 16-page catalog from Anorad 
Corp., Hauppauge, Y, provides 
detailed technical data, mounting 
dimensions, application notes, and 
selection assistance for Anorad's 
high-speed, brush-type and brush­
less linear DC servo motors. Prod­
ucts range from miniature brush less 
versions rated for 4.S pounds con­
tinuously to industrial-grade models 
rated at 2000 pounds peak. 
Circle Reader Action Number 716. 

An innovative insulation process for 
motor parts, including armatures, 
rotors, and stators, is described in 
an eight-page brochure from Elec­
trostatic Technology Inc., Branford, 
CT. Polymers in powder form are 
electrostatically charged; when a 
grounded motor part is passed 
through a coater, it is thoroughly 
and uniformly covered by the poly­
mer. The part is then heated to flow 
and cure the polymer. The process 
does not require masking as there is 
no preheating of the part. f----------------1 
Circle Reader Action Number 724. Diamonite Products' 50th anniver-
f---------------i sary brochure examines the past, 

PHILIPS 

Philips Components' 700-page re­
sistor/capacitor data book features 
aluminum electrolytic, ceramic, 
tantalum, film, and variable capaci­
tors; fixed resistors; trimmers; and 
non-linear resistors. It includes an 
index and a competitor cross-refer­
ence section. 
Circle Reader Action Number 718. 

present, and future of technical ce­
ramics, tracing their evolution from 
spark plug insulators for World War 
II fighters to reaction-processed 
composite materials. The brochure 
provides an overview of ceramic 
design and manufacturing steps, 
including mixinglblending, drying, 
pressing, kiln firing, and finishing. It 
also discusses various manufactur­
ing options and their impact on the 
finished part. 
Circle Reader Action Number 726. 

A new catalog from Signal Process­
ing Technologies Inc., Colorado 
Springs, CO, includes block dia­
grams, features, and characteristics 
of the company's data conversion 
and digital signal processing (DSP) 
integrated circuits, including ana­
log-to-digital converters, digital-to­
analog converters, comparators, fil­
ters, and DSP products. The publi­
cation features a product selection 
guide. 
Circle Reader Action Number 722. 
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TOP GUN: THE REAL STORY 
Join the action as Top Gun, America's best aviators, train for 

perilous air-to-air combat. This thrilling VHS videotape features 
actual dogfights, crashes, and MIG confrontations, as well as 
real Top Gun pilots over Libya, the Indian Ocean, and off the 
Soviet Union_ (Color, 35 minutes) $19.95 each plus $3_00 postage 
and handling. 
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Send check or money order to: NASA Tech Briefs, Fulfillment Dept., 
41 East 42nd Street, New York, NY 10017 
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Circle Reader Action No. 681 

Combined Xi + Strip Chart 
Recorders from Fluke 

r-l 

• Multi·format xv + Xt analog recorders, single 
or dual channel, plus digital enhancements for 
easy chart annotalion and control. 

• Fast dynamic response, wide sensitivity 
range, and IEEE·488/RS·232. 

For more information on the PM 8278 Series 
of XY and Strip Chart Recorders from Fluke, 
call1-BOO·44·FLUKE, ext. 77 today. 

1291-P8218 FLUKE 

Circle Reader Action No. 440 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
FreE! 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" Optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod· 
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

Circle Reader Action No. 551 

120 

Interconnect Components & Accessories : 
New T ·17 catalog! Specdicauons and photos of quality 
lines of HF. RF and Patching connectors lor coaxl twma 
tnax applications Products include In·hne and Bulkhead 
lacks and plugs. patch-panels. patch-cords. looping· 
plugs. adapters. cable assemblies and accessories. 
ExtensIVe list of cable manufacturers and their 
parameters plus a "Technical Guide" for cable selection 
Is Included. 

Trompeter Electronics, Inc. 
31186 La Baya Drive 

Westlake Village, CA 91362·4047 
(818) 707·2020 FAX (818) 706·1040 

Circle Reader Action No. 373 

Pressure, Flow 
& Temp. Switch 

R~ •• ,,,,IIIU 

If you have special requirements, 
can probably save you time and money by 
them with one of our stan dard models. They maintain 
their accuracy over many thousands of cycles. The 
"snap·action" disk spring eliminates most problems 
~ of aerospace pressure switches. 
~ Ask for your copy of the H·E r.atalog. 

~~-Etutue (fo. 
3151 Kenwood St , Burbank, CA 91505 

(213) 843-6211 891 

Circle Reader Action No. 427 

NEW! 
ONE·VOLUME 
EDITION OF 
1988's BEST 
NEW BOOK IN 
ENGINEERING" 

• Professional & 
Scholarly Division -
Association of 
American Publishers 

This abridged version features condensed and 
updated artictles by over 250 experts in every 
field of robotics. 1,190 pages $99.95 
Send for a free brochure, listing this and other 
books in robotics. 

GQ John Wiley & Sons, Inc. 
Attn: S. Aronson, Dept. 1-0165 
605 Third Ave. 

WILEY New York, NY 10158 

Circle Reader Action No. 549 

• Seffcuring-15-20min. 
• Odorless, non -toxic metrology grade 

• Easy to use kits • Deadly accurate 
• ~s wlo release agent 

Clones aurtace fInIIh ,nc/MIy-1deal1or use wlltI 
opUc.l""""",,'o.-. 

INDUSTRIAL USES: 
c.sr"'!l. ~. plaSIIClabtuung. 
lastonen;8IICIlIhondtrllSSiles; __ 

and nuc/e.r; lIutomot'v.~ she.t metal 
stampings; compoSItes, mvestment 
castmg. fI/ass ond rnocIeImakmg. 

Circle Reader Action No. 534 

DIODE - TRANSISTOR 
TRR,TT,TL,TR,TF,Ts TESTS 

-
~"'P/DIV 

. 50 .NSE~ I DIV 

Avtech offers over 15 different fast high-power pulse 
generators Ideal for performing switching time tests 
specified by diode and transistor manufacturers and 
by MIL-STO-75OC and MIL-S-19500. See our free 80 
page general catalog and Application Note No.2 for: 

• Transition times from 60 psee to 10 nsec 
• Pulse widths from 1 nsec to 20 usee 
• Voltages from 5 to 100 volts 
• Currents from 100 mA to 10 Amps 
• Source Impedance from 1 to 50 ohms 
• 150 other nanosecond pulse generators, 
amplifiers. samplers, transformers and fast 
pulse accessories 

PO Box 265 Ogdensburg 
New York 13669 A\/TECH 13151472 5270 

K V I PO Box 5120 Station F 

ELECTROSYSTEMS ~~7~2~a~~~~ K2C 3H4 

Fax 16131 226·2802 

Circle Reader Action No. 402 

Schematic 
Capture 
on the PC 
Only $495 

OrCAD, the world's largest supplier of 
electronic de ign automation tools, 
want ASA Tech Briefs readers to 

examine OrCAD/SDT III schematic cap­
ture tools for themselves. Please call for 

a FREE evaluation kit including 
demonstration disk and documentation. 

DreAD IE 
(503) 690·9881 (sales) 
(503) 690·9891 (fax) 

Circle Reader Action No. 399 
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MARKETPLACE To Advertise-Call (212) 490-3999 

Build Your Own 
Space Shuttle 

This In2 scale model of the space shuttle 
Discovery features a huge 13" wingspan and in· 
cludes engraved tile detail, movable rudder and 
nap, authentic NASA decals, adjustable 
manipulator arm, opening cargo bay doors, and 
detailed Space\ab payload. Molded In white. Kits 
are $22.95 each + $3.50 postage and handling. 
(NY residents add sales tax.) Send check or 
money order to: I'IASA Tech BrIef .. 
Dept. F, 41 East 42nd St., New York, 
NY 10017. For credit cud orden, call 
(800) 258·0201 (NY .tete: 212·490·3999). 

FURNACES 
Programmable munizone 
furnace 
page 49 MF5-28375 

G 
GALLIUM ARSENIDES 
AlAs diffusionlSchottky 
barrier on GaAs 
page 30 Nf'O.l7796 

GaAlAs traveling-wave 
electr~ical rTlCdJlators 
page 24 LEW·I4866 

GRAPHITE·EPOXY 
COMPOSITES 
fl:>lymeric add~ives for 
graphite/epoxy 
cornpos~es 
page 56 ARClt427 

GRINDING (MATERIAL 
REMOVAL) 
Removing burrs in 
confined spaces 
page 81 MF5-29392 

H 
HALL EFFECT 
Flux·feedlack magnetic· 
suspension actuator 
page 44 LAR·13785 

HEAT EXCHANGERS 
Pressurized-flat·interface 
heat exchanger 
page 68 MSC21271 

HEAT RESISTANT 
ALLOYS 
Fiber·reinforced 
superalloys for rocket 
engines 
page 58 LEW·I4871 

HELICOPTERS 
Air·velocity sensor for 
helicopter 
page 39 LAR·I3598 

HEURISTIC METHODS 
Probabilistic 
determination of motions 
of robots 
page 111 Nf'O.l7738 

HYPERSONIC FLOW 
Simulated hypersonic 
flows about a blunt body 
page 74 AAC-I2251 

I 
IMAGE PROCESSING 
Multiple-dynode-Iayer 
microchannel plate 
page 33 GSC 13203 

INCOMPRESSIBLE 
FLOW 
Simulation of unsteady, 
viscous, incompressible 
flow 
page 67 AAC-12277 

INFORMATION 
DISSEMINATION 
Space information for 
eckJcators 
page 108 MFS·27221 

INFORMATION 
MANAGEMENT 
Managing information on 
costs 
page 61 MF5-28361 

INPUTIOUTPUT 
ROUTINES 
General-purpose data· 
formatting inpulloutput 
system 
page 42 LAR·I3529 

INTERPLANETARY 
TRANSFER ORBITS 
Aerobrakes for a manned 
Mars mission 
page 78 AAC-12117 

ION EXCHANGE 
RESINS 
Stability of a carbon­
doide-removlng resin 
page 59 AAC-12129 

J 
JOINTS (JUNCTIONS) 
Preloaded composite­
struUend-fittlng joint 
page 82 MF5-28339 

L 
LAND MOBILE 
SATELLITE SERVICE 
Managing mobile/satellite 
propagation data 
page 62 Nf'O.17269 

NASA Tech Briefs, July 1990 

Free Standing Wire Grid Polarizers 
For Spectroscopy at Millimeter and 

Sub-millimeter wavelength 

AlllllCltIons 
· FAR-II WlVIIengtb PaIIrIlItIon 
• 1nt8rf8ramet .. Beam DIvIder 
• VII'IIIII8 Rellectar 
• CcIupIqllev1c8 tar Long WIVIllangth Lllerl 
• ......... lor 111gb VICIIIII MIl CryOllllllC COnII1IanI 
CUltllll dnIIIn IV ...... 

7~ AnOlh., qual.y product "O!" I S PEe A C I 
llVLJ SPECAC ANAL YTlCAlINC. 

10 Higgins Drive Tel (203)878-7993 
Milford, CT 06460, USA Fax (203)878·4085 

A Cambridge Electronics Industnes (CEI) Company 
Circle Reader Action No.388 
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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 extra­
or~inarily strong enclosures, 
custom-made for your application, 
without long delays. 

We can supply the pieces or 
build the whole enclosure. 

Simple Hand-Mallet-Wrench 
assembly. 
The system consists of extruded 
aluminum tubing, corner castings, 
locking pieces, and accessories. A 
relatively concise selection of stand-

simple solution 
ard pieces covers a very broad 
range of possible applications. 
Among other benefits, this cuts 
your waiting time to a minimum. 

You decide the shapes and sizes. 
Here is another big feature: You can 
build enclosures from 8" to 20' in 
any 90 0 plane. You can combine 
big compartments and small ones 
in any combination you need. You 
can use non-locking clips for proto­
typing or planned disassembly, or 
use locking clips for a tough perma­
nent assembly. This enclosure 
framing system never boxes you 
in! Keep some in stock for those 
emergency needs. 

Amazingly strong. 
Our corner locking methods 
actually surpass the strength of 
welding-one ofthe reasons that 
this system offers you optimum 
weight/structural strength ratios. 
This system has withstood some 
very tough applications-like NASA 
Airborne, shipboard, ground sup­
port firing systems enclosures and 
missile launch systems, not to 
mention in house industrial use. 

It's easy to check it out. Just 
phone for Catalog #203 . Call 
1-800-833-3156. In Illinois, 
1-312-671-6670. 

I 
AMCO Engineering Co. 1'\\'\'\ I ';'"':{-' 3801 N. Rose Street 

~. ~":":'':''!J.''.I.~.III.II.Ii_IIIII. ® Schiller Park, IL 60176-2190 

AMCO's Heavy Duty Aluminum Structural System. 
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