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Up to 40 percent energy savings were realized 
when NASA 's ac motor power-factor controller 
(PFC) was added to the escalators in a Maryland 
department store. Shown above is one commer­
cial implementation of the PFG. [See the bottom of 
page A1.] 



About the NASA 
Technology Utilization Program 

NASA Tech Briefs 

Further Information 
on Innovations 

Patent Licenses 

Other Technology 
Utilization Services 

Applications Program 

Reader Feedback 

The National Aeronaut ics and Space Act of 1958, which established NASA 
and the United States c ivil ian space program, requires that " The 
Administration shall provide for the widest practicable and appropriate 
dissemination of information concerning its activities and the results thereof. " 

To help carry out this objective, NASA's Technology Uti lization (TU) 
Program was established in 1962. Now, as an element of NASA's Technology 
Utilization and Industry Affairs Division , this program offers a variety of 
valuable services to help transfer aerospace technology to nonaerospace 
applications, thus assuring American taxpayers maximum return on their 
investment in space research ; thousands of spinoffs of NASA research have 
already occurred in virtually every area of our economy. 

The TU program has worked for engineers, scientists , technicians , and 
businessmen; and it can work for you. 

Tech Briefs is published quarterly and is free to engineers in U.S. industry 
and to other domestic technology transfer agents. It is both a current­
awareness medium and a problem-solving tool. Potential products . .. 
industrial processes . .. basic and applied research .. . shop and lab 
techniques ... computer software ... new sources of technical data ... 
concepts .. . can be found here. The short section on New Product Ideas 
highlights a few of the potential new products contained in th is issue. The 
remainder of the volume is organized by technical category to help you 
quickly review new developments in your areas of interest. Finally, a subject 
index makes each issue a convenient reference file . 

Although some new technology announcements are complete in 
themselves, most are backed up by Technical Support Packages (TSP's). 
TSP's are available without charge and may be ordered by simply completing 
a TSP Request Card found at the back of this volume. Further information on 
some innovations is available for a nominal fee from other sources, as 
indicated. In addition, Technology Uti lization Officers at NASA Field Centers 
wil l often be able to lend necessary guidance and assistance. 

Patents have been issued to NASA on some of the inventions described, 
and patent applications have been submitted on others. Each announcement 
indicates patent status and availability of patent licenses if applicable. 

To assist engineers, industrial researchers, business executives, 
Government officials , and other potential users in applying space technology 
to their problems, NASA sponsors Industrial Applications Centers. Their 
services are described on page A7. In addition, an extensive library of 
computer programs is available through COSMIC, the Technology Utilization 
Program's outlet for NASA-developed software. 

NASA conducts appl ications engineering projects to help solve public­
sector problems in such areas as safety, health, transportat ion, and 
environmental protection. Two appl ications teams, staffed by professionals 
from a variety of disciplines, assist in th is effort by working with Federal 
agencies and health organizations to identify critical problems amenable to 
solution by the application of exist ing NASA technology. 

We hope you find the information in NASA Tech Briefs useful. A reader­
feedback card has been included because we want your comments and 
suggestions on how we can further help you apply NASA innovations and 
technology to your needs. Please use it; or if you need more space, write to 
the Manager, Technology Transfer Division , P.O. Box 8757, Baltimorel 
Washington International Airport , Maryland 21240. 
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TECHNOLOGY UTILIZATION OFFICERS 
Technology transfer experts can help you 
apply the innovations in NASA Tech Briefs. 

The Technology Utilization Officer 
at each NASA Field Center is an 
applications engineer who can help 
you make use of new technology 
developed at his center . He brings you 
NASA Tech Briefs and other special 
publications, sponsors conferences , 
and arranges for expert assistance in 
solving technical problems. 

Technical assistance, 
in the form of further information about 
NASA innovations and technology, is 
one of the services available from the 
TUO. Together with NASA scientists 
and engineers, he can often help you 
find and implement NASA technology 
to meet your specific needs. 

Technical Support Packages (TSP's) 
are prepared by the center TUO's. 
They provide further technical details 
for articles in NASA Tech Briefs. This 
additional material can help you 
evaluate and use NASA technology. 
You may receive most TSP's free of 
charge by using the TSP Request Card 
found at the back of this issue. 

Technical questions about articles 
in NASA Tech Briefs are answered in 
the TSP's . When no TSP is available, 
or you have further questions, contact 
the Technology Utilization Officer at 
the center that sponsored the re­
search [see page A4). 

NASA INVENTIONS AVAILABLE FOR LICENSING 
Over 3,500 NASA inventions are available for licensing 
in the United States - both exclusive and nonexclusive. 

Nonexclusive licenses 
for commercial use of NASA inventions 
are encouraged to promote competition 
and to achieve the widest use of inven­
tions. They must be used by a netotiated 
target date. 
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Exclusive licenses 
may be granted to encourage early 
commercial development of NASA 
inventions , especially when consider­
able private investment is required . 
These are generally for 5 to 10 years 
and usually require royalties based on 
sales or use. 

Additional licenses available 
include those of NASA-owned foreign 
patents . In addition to inventions 
described in NASA Tech Briefs , 
" NASA Patent Abstract Bibliography" 
(PAB), containing abstracts of all 
NASA inventions , can be purchased 
from National Technical Information 
Service , Springfield , VA 22161 . The 
PAB is updated semiannually . 

Patent licenses for Tech Briefs 
are frequently available . Many of the 
inventions reported in NASA Tech 
Briefs are patented or are under 
consideration for a patent at the time 
they are published. The current patent 
status is described at the end of the 
article; otherwise, there is no state­
ment about patents .. If you want to 
know more about the patent program 
or are interested in licensing a 
particular invention, contact the 
Patent Counsel at the NASA Field 
Center that sponsored the research 
[see page AS] . Be sure to refer to the 
NASA reference number at the end of 
the Tech Brief. 
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APPLICATION TEAMS 
Technology-matching and problem-solving 
assistance to public-sector organizations 

Application engineering projects 
are conducted by NASA to help solve 
public-sector problems in such areas 
as safety, health, transportation, and 
envi ron mental protection . Some appli­
cation teams specialize in biomedical 
disciplines; others, in engineering and 
scientific problems. Staffed by profes­
sionals from various disciplines, these 
teams work with other Federal agen­
cies and health organizations to 

INDUSTRIAL APPLICATIONS CENTERS 
Computerized access to over 
10 million documents worldwide 

Computerized information retrieval 
from one of the world's largest banks of 
technical data is available from NASA's 
network of industrial Applications Cen· 
ters(IAC's). The lAC's giveyou access to 
1,800,000 technical reports in the NASA 
data base and to more than 10 times that 
many reports and articles found in near· 
Iy 200 other computerized data bases. 

The major sources include: 
- 750, 000 NASA Technical Reports 
- Selected Water Resources Abstracts 
- NASA Scientific and Technical 
Aerospace Reports 

- Air Pollution Technical Information 
Center 

- NASA International Aerospace 
Abstracts 

- Chem Abstracts Condensates 
- Engineering Index 
- Energy Research Abstracts 
- NASA Tech Briefs 
- Government Reports 
Announcements 

and many other specialized files on 
food technology, textile technology, 
metallurgy, medicine, business , eco­
nomics, social sciences, and physical 
science. 

The lAC services 
range from tailored literature searches 
through expert technical assistance: 
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- Retrospective Searches: Published 
or unpublished literature is screened, 
and documents are identified accord­
ing to your interest profile . lAC engi­
neers tailor results to your specific 
needs and furnish abstracts consid­
ered the most pertinent. Complete 
reports are available upon request. 

-Current-Awareness Searches: lAC 
engineers will help design a program 
to suit your needs. You will receive 
selected monthly or quarterly ab­
stracts on new developments in your 
area of interest. 

identify critical problems amenable to 
solution by the application of existing 
NASA technology . 

Public-sector organization 
representatives can learn more aDout 
application teams by contacting a 
nearby NASA Field Center Technology 
Utilization Office [see page A4]. 

- Technical Assistance: lAC engineers . 
will help you evaluate the results of 
your literature searches . They can 
help find answers to your technical 
problems and put you in touch with 
scientists and engineers at appropri­
ate NASA Field Centers . 

Prospective clients 
can obtain more information about 
these services by contacting the 
nearest lAC [see page A4]. User fees 
are charged for lAC information ser· 
vices. 
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STATE TECHNOLOGY APPLICATIONS CENTERS 
Technical information services for industry 
and state and local government agencies 

Government and private industry 
in Florida and Kentucky can utilize the 
services of NASA's State Technology 
Applications Centers (STAC's) . The 
STAC's differ from the Industrial 
Applications Centers described on 
page A7, primarily in that they are 
integrated into existing state technical 
assistance programs and serve only 

COSMIC@ 

the host state, whereas the lAC's 
serve multistate regions . 

Many data bases, 
including the NASA base and several 
commercial bases , are available for 
automatic data retrieval through the 
STAC's . Other services such as 
document retrieval and special 

An economical source of computer programs 
developed by NASA and other government agencies 

A vast software library 
is maintained by COSMIC - the 
Computer Software Management and 
Information Center . COSM IC gives 
you access to approximately 1,600 
computer programs developed for 
NASA and the Department of Defense 
and selected programs for other 
government agencies . Programs and 
documentation are available at rea­
sonable cost . 

Available programs 
range from management (PERT 
scheduling) to information science 
(retrieval systems) and computer 
operations (hardware and software) . 
Hundreds of engineering programs 
perform such tasks as structural 
analysis, electronic circuit design, 
chemical amtlysis , and the design of 
fluid systems . Others determine build­
ing energy requirements and optimize 
mineral exploration . 

COSMIC services 
go beyond the collection and storage 
of software packages . Programs are 
checked for completeness ; special 
announcements and an indexed soft­
ware catalog are prepared ; and 
programs are reproduced for distri­
bution . Customers are helped to 

identify their software needs; and 
COSMIC follows up to determine the 
successes and problems and to 
provide updates and error corrections . 
In some cases , NASA engineers can 
offer guidance to users in installing or 
running a program . 

searches are also provided. (Like the 
lAC's, the STAC's normally charge a 
fee for their services.) 

To obtain information 
about the services offered, write or 
call the STAC in your state [see page 
A4] . 

Information about programs 
described in NASA Tech Briefs articles 
can be obtained by completing the 
COSMIC Request Card at the back of 
this issue. Just circle the letters that 
correspond to the programs in which 
you are interested. 
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NEW PRODUCT IDEAS are just a few of the many innovations described in this 
issue of NASA Tech Briefs and having promising commercial appl ications . Each is 
discussed further on the referenced page in the appropriate section in this issue. If 
you are interested in developing a product from these or other NASA innovations, 
you can receive further technical information by requesting 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 A4) . NASA's patent-licensing program to 
encourage commercial development is described on page A6. 

Quick·Disconnect 
Fastener , 

A proposed quick-disconnect 
fastener for two or more parts resists 
shear loads and torque. It would center 
the parts to be joined, clamp them, and 
then tighten them into a single unit. The 
fastener consists of a spring-loaded hex­
agonal actuating pin, six springy collet 
fingers, and a hexagonal-nut locking col­
lar. An adjustable locking collar com­
pensates for component assemblies of 
different thicknesses. Potential applica­
tions for the removable fastener include 

SPRING RETAINER 

lOCK RING 

~ 
A 

~
I / ACTUATINGPIN 

V / SCREW/PIN 

I HEXAGONAL-NUT 
LOCK ING COLLAR 

~SPAING 

holding parts for welding, brazing , 
soldering, riveting, and gluing. Other 
possible uses would be for attaching 
removable panels and panels with poor 
access on one side and for plugging 
leaks in pressure vessels. 
(See page 190.) 

Ball Bearings Are 
Lubricated Automatically 

Inserts on the ball-separator ring of 
ball bearings could provide a steady flow 
of lubricant to the ball surfaces. 
Developed for hard-to-Iubricate tur­
bopumps for cryogenic liquids, the self­
lubricating bearings could be utilized on 
equipment for which maintenance is dif­
ficult and the lubrication interval is 
uncertain, such as household appli­
ances, automobiles, and boat engines. 
The small inserts are made of a material 
rich in molybdenum disulfide and PTFE. 
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The material can be machined or mold­
ed. In operation, the balls rub against the 
inserts as they turn; picking up a film of 
lubricant, which is transferred to the 
bearing races. 
(See page 196.) 

Improved Gloves for 
Firefighters 

New firefighter 's gloves are more 
flexible and more comfortable than 
previous designs. There are two ver­
sions of the new glove, one made of 

composite material and the other dip­
coated. An aramid fabric was selected 
as the material for the outer shell of the 
composite glove because it is strong 

and resistant to flame and heat. For the 
liner, aramid felt was selected because 
it is puncture resistant and thermally in­
sulating. For the dip-coated glove, the 
shell is coated with a yellow, flame­
retardant neoprene layer. A friction layer 
on the palm side improves the wearer 's 
grip. The new gloves may also find uses 
in foundries, steel mills, and other plants 
where they can be substituted for 
asbestos gloves. 
(See page 211 .) 

Fiber·Optics Temperature 
Sensor 

A new instrument uses an optical sen­
sor to measure temperature. A small 
gap in the sensor widens as the tem­
perature rises, increasing the number of 

-­..... 

spectral bands passed to a receiver. A 
count of the received bands is translated 
into temperature changes. The instru­
ment has digital output. 
(See page 177.) 

Acoustic Ground· 
Impedance Meter 

A portable instrument uses a 
Helmholtz resonator to measure the 
acoustic impedance of the ground or 
other surfaces. The meter can be used 
in conjunction with other acoustic 
measurements in predicting the effects 
of aircraft noise. The sound pressure 
generated by a cam-driven piston in the 
chamber is measured near the ground 
surface by a microphone mounted flush 
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with the wall of the chamber. Using a 
five-lobed cam, sound vibrations up to 
300 Hz are excited and measured. This 

range is extended to nearly 1,000 Hz by 
a 15-lobed cam. 
(See page 181.) 

High·Performance PMR 
Polyimides 

Highly-cross-linked PMR polyimides 
are formed at 600 0 F (315 0 C) from the 
in situ thermopolymerization of four 
monomer reactants . A variety of 
compositions are formed by adding 4 to 
20 mole percent PN to the standard 
PMR-15 composition. These modified 
resins, intended for use in advanced 
composites, adhesives, and neat resin 
articles, show better processability and 
elevated-temperature stability than 
state-of-the-art PMR-15 polymers. 
(See page 159.) 

Metering Fluid Container 

A hand-held container accepts, 
stores, and discharges a preset amount 
of fluid from a pressurized supply. The 
supply pressure drives a spring-loaded 
piston that stores enough mechanical 
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energy to discharge the measured liquid 
into another container. The container at­
taches to a fluid supply through a quick­
disconnect fitting. The desired amount 
of fluid is selected by turning a collar that 
controls the length of the piston travel. 
Possible applications include the 
dispensing of toxic fluids or metering liq­
uids for household, commercial, or 
laboratory uses. 
(See page 189.) 

Regulating Oxygen 
Pressure Safely 

A pressure regulator for oxygen 
allows gas flow to be shut off on its low­
pressure side rather than its high­
pressure side. The initial rush of oxygen 
occurs in the second stage rather than 
in the first stage of pressure reduction. 
The regulator thus avoids the fire hazard 
associated with the rapid pressurization 
and consequent adiabatic heating of ox­
ygen on the input side when the 

regulator is turned on. The new regulator 
can reduce the danger of fire in aircraft 
and in systems that supply oxygen for 
medical emergencies. 
(See page 194.) 

Fasteners for Solar 
Panels 

A simple articulating linkage secures 
solar panels into a supporting frame­
work. The five-element linkage collapses 
into a W-shape for easy placement into 
the framework, then expands to form a 
rectangle of the same dimensions as 
those of the panel. The result is a large 
retaining ring around the outer edges of 
the panel. Removal of the linkage is 
simply by the reverse of installation. The 
fastener could also be used on 
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removable wall panels, photographs, 
and signs. 
(See page 182.) 

Microwaves Detect Icing 
on Aircraft Surfaces 

A new instrument can be used in air­
craft to warn pilots of the onset of dan­
gerous Ice buildup. It also has potential 
as a research tool in cloud studies and in 
investigations of icing phenomena. The 
instrument employs microwave wave­
guides implanted just below the surface 
to be monitored. A change in the reso­
nant frequency of the waveguides, 
caused by ice buildup, is measured by a 
microprocessor and converted to a dc 
voltage that is proportional to the ice 
thickness. A microprocessor also com­
putes the change in ice thickness with 
respect to time to obtain the ice­
accretion rate. The ice thickness and ac­
cretion rates are displayed digitally. 
(See page 178.) 

Hydraulic Tubing Cutter 

A hydral,llically powered tool cuts tub­
ing and cable in areas of limited ac­
cessibility. Mounted on one end of a flex­
ible "gooseneck" extension, the cutter 
jaws are closed by a hydraulic piston 
when the operator squeezes the handle 
grip. The jaws are released by flipping an 
on/off lever. The hydraulic cutter was 
originally designed to deactivate aircraft 
ejection seats in rescue operations by 
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severing the pressure supply lines to the 
ejector. It can also be useful in 
automobile and fire rescue work. 
(See page 199.) 

Solvent-Resistant 
Polymer 

A new thermoplastic polymer incor­
porates the best properties of poly­
imides and polysulfones. It can be used 

as a molding resin, as an adhesive, and 
as a matrix resin for fiber-reinforced 
composites. The new structure is ob­
tained by incorporating an aromatic 
sulfone moiety in the backbone of an 
aromatic linear polyimide to yield an 
aromatic poly(imidesulfone) prepared in 
bis(2·methoxyethyl) ether solvent. This 
polymer system results in a thermo­
plastic with better processability than 
the base polyimide. The incorporation of 
an imide segment into the base poly­
sulfone results in a polymer that is in­
soluble in common solvents. 
(See page 159.) 

Easy-Change Terminal 
Strip 

A laminated copper and polyimide ter­
minal strip makes it easy to modify a 
printed-circuit board, after the board has 

~ 8t==B 
been fabricated. The "easy-change" 
strip is composed of two parallel rows of 
pins on an insulating base. It is epoxied 
over conductors or an insulating portion 
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of the PC board. Copper conductors, at­
tached to the pins, serve as bonding 
pads for integrated-circuit leads. The 
strip can be bonded to a board directly 
over existing conductor patterns, mak­
ing it unnecessary to remove unused 
portions of the circuit pattern. 
(See page 134.) 

Portable Pipe Wrapper 

A new tool applies fragile layered in­
sulation to cryogenic tubing. It has been 
used routinely to apply two layers of 
fiberglass and one layer of aluminum foil 
on pipe used as the inner line in vacuum­
jacketed cryogenic plumbing. The new 
pipe wrapper has three freely revolving 
drums that hold the wrapping material. It 

controls both tension and the wrap 
angle. The wrapper is easy to use and is 
made from inexpensive, readily 
available parts. It could prove useful in 
applying thermal insulation to hot-water 
pipes and refrigerant-distribution lines. A 
similar tool could be used to wrap elec­
trical insulation. 
(See page 198.) 

Ferrofluid Would Seal a 
Linear-Motion Valve 

A proposed valve would employ a 
ferrofluid to make a tight seal against 
vacuum and pressure. The seal would 
require no precisely machined parts, 

and hand lapping of valve seats would 
be unnecessary. The valve consists of a 
hollow shaft with magnetically soft 
sheaths that slide through a ring magnet 
with annular pole pieces. A ferrofluid 
(magnetic fluid) is held in place around 
the shaft by the ring magnet. The ferro­
fluid seals the space between the shaft 

and the pole piece in the chamber wall. 
If more than one ferrofluid seal is used 
on a shaft, the valve could be used as a 
switching valve in a plumbing system. 
(See page 197.) 

Multipanel Trough Solar 
Concentrator 

A cylindrical solar concentrator com­
posed of many flat-plate mirrors is effi­
cient even when pointing away from the 
Sun by as much as 5°. The concentrator 
is designed to backlight an array of 
photovoltaic cells. However, unlike or­
dinary backlit concentrators, the 
multiple-flat-plate reflector does not lose 

very much efficiency if it is slightly out of 
alinement with the Sun. The design is 
economical and easy to fabricate . 
(See page 206.) 
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Voltage Regulator for a de-to-de Converter 
An extra transformer winding eliminates the 
need for isolation components. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A voltage regulator for a dc·to-dc con· 
verter momentarily short-circuits the 
secondary winding on its drive trans· 
former. The short circuit temporarily 
turns off the drive to the output tran· 
sistors. In effect. the short circuit 
changes the width of the drive pulses. 
thereby regulating the output voltage. 

The new voltage regulator isolates 
signals from the power-switching con­
verter without the use of complex cir­
cuitry or optical couplers. The only addi­
tion is an extra secondary winding on the 
existing interstage transformer. Error 
signals short-circuit the new winding 
and inhibit converter action. A resistor in 
series with the primary winding limits the 
short-circuit current to prevent damage 
to circuit components. 

WINDING 

VOLTAGE 
COMPARATOR 

LM139 

de 

10K 

+ 12 V 
REGULATEO 

....... ...rr"'-...... - ..... -+--t--<> OUTPUT 

AMPLlFle~ 

l M 108 

11 .lK 

IN4567A 
ZENER 
DIOOE 

GROUND 

In the circuit (see figure). a signal 
representing the instantaneous voltage 
at the 12-volt regulated output is sam­
pled and applied through a resistor net­
work to the inverting input of an error 
amplifier. A nonvarying reference volt­
age established by a Zener diode is ap­
plied to the non inverting input of the er­
ror amplifier. The error amplifier oper­
ates in a closed loop with a fixed gain. 
When the sampled regulated output is at 
precisely 12 volts. the error amplifier dc 
output does not change. However. 
microvolt changes in the sampled 
voltage - either upward or downward 
- produce significant shifts in the error 
amplifier dc output level. This changed 
output is the error signal used for regula­
tion. 

The Feedback Path applies a shorting signal to winding L12 if the output voltage strays 
from the 12-volt nominal level. There is virtually no interaction between the regulation 
voltages and the power-switching portions of the dc-to-dc converter. 

The error signal is applied to the 
inverting input of a voltage comparator 
and a ramp voltage is applied to the 
non inverting input. The ramp-voltage in­
put to the comparator is generated in the 
following way: A constant current is sup­
plied to the capacitor CR by the 
constant-current diode Dcc . The 
discharge of the capacitor is controlled 
by a positiv~oing spike applied to the 
base of transistor Q1 . A diode-bridge 
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doubler provides the spike pulses at 
twice the frequency of the synchronizing 
pulses furnished by the clock circuit. 
CapaCitor CR charges - producing a 
linearly increasing voltage - until a 
spike discharges it. whereupon it starts 
to charge again until the next spike 
discharges it. 

The voltage comparator modulates 
the ramp with the error signal. raiSing or 
lowering the ramp peak. The output of 
the comparator short-circuits the output 
of the interstage cu rrent-limiting 
transformer through diodes 010 and 
011 of the center-tapped secondary 
winding l12 - the extra winding added 
to the interstage transformer. When the 

output of the comparator goes high. l12 
is essentially open circuited. During the 
interval when the comparator output 
goes low. both diodes go to ground. 
short-circuiting the winding and there­
fore removing drive current from the 
switching transistors. The output pulses 
from the transistors are thus shortened 
by the amount of this interval. and the 
output voltage is proportionately re­
duced. 

This work was done by Colonel W. T. 
McLyman of Caltech for NASA's Jet 
Propulsion Laboratory. For further in­
formation, Circle 1 on the TSP Re­
quest Card. 
NPO-15208 
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Microprogramed Sequencer for Tunable RF Oscillator 
Standard Ie chips and digitally 
tuned oscillator are combined. 

Langley Research Center, Hampton, Virginia 

A circuit originally designed to 
" dither" the transmitter frequency of a 
K-band radar at high rates may find ap­
plication in such other areas as auto­
mated test equipment or computer-con­
trolled receiver tuning. The circuit con­
sists of a PROM-based microprogramed 
control sequencer, which drives a group 
of diode switches to select one of eight 
tuning capacitors in an L-C oscillator. 

A synchronizing pulse is used to clock 
the various mode-control inputs and a 
"next address" into the 74L8377 latch 
shown in the circuit diagram. The out­
puts of the latch then become an ad­
dress for the PROM, and the PROM out­
puts DOS - 007 form a 3-bit code to de­
termine the desired frequency for the 
oscillator. The 3-bit code is further de­
coded in the 748138 1-of-8 decoder. 
Only one output from the 748138 is ac­
tive at a time, and the active output pro­
vides a current sink for the PIN diode 
switch connected to it. All other diodes 
in the array are cut off, and only one tun­
ing capacitor is active at a time, except 
for parasitic effects. 

The control inputs perform the follow­
ing functions: 
-The WIDE/NARROW switch selects 
either a wideband sweep (Le., large :ie­
paration between frequencies) or a 
narrowband sweep (Le., small devia­
tions close to the undeviated carrier). 

-The MANUAUAUTO switch allows an 
operator to take control of the system 
and select anyone of the eight fre­
quencies using the thumbwheel switch. 

-The DEFAULT/NORMAL input is pro­
vided to allow removal of the control 
switches and thumbwheel switch by 
disconnecting a connector. The con­
nector provides a return to ground for 
the As input to the PROM. When dis­
connected from the control switches, 
the circuit defaults to an automatic 
wideband sweep mode. 

The contents of the TBP18S42 PROM 
are determined by the desired sequence 
of frequencies. Bits 001 - 003 form 
the memory address of the next desired 
frequency. Bits DOS - 007 are an en­
coded version of the current desired fre­
quency. The sequence is arbitrary. 
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Standard IC Chips are combined with a digitally-tuned RF oscillator. in the programable 
frequency source. 

The oscillator is required to provide a 
near-sinusoidal signal, the frequency of 
which is controlled by the tuning capaci­
tance and the amplitude of which is con­
stant with changing frequency. This sys­
tem utilizes an emitter-coupled-pair cir­
cuit in the form of an MC1648. The tun­
ing system is actually a "delta" tune ap-

proach, in which the highest frequency 
is determined by the main tuning capaci­
tor, C8, and frequency deltas are pro­
duced by shunting appropriate trimmer 
capacitors to ground via a PIN diode. 
This approach, as opposed to using 
separate tuning capacitors, results in 
less interaction between tuning adjust-
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ments, potentially better stability, and 
faster switching since a small ca­
pacitance is involved. 

The procedure for setting the frequen­
cy is to start with the highest frequency 
and progress down to the lowest fre-

quency. There is a slight interaction 
because of the residual shunt capaci­
tance of the diodes in the "off" state, 
making it necessary to perform this pro­
cedure twice to achieve precise ad­
justments of all eight frequencies. 

This work was done by Richard H. 
Couch, Chase P. Hearn, and James B. 
Williams of Langley Research Center. 
No further documentation is available. 
L4R-12903 

Tangleproof Rotary Electrical Coupling 
Electrical cables are carefully dressed 
to permit 320 0 rotation. 

Marshall Space Flight Center, Alabama 

A new rotary coupling connects a 
large number of elecrical cables to a 
turntable without stressing the cables or 
tangling them. The device accommo­
dates 246 cables containing a total of 
758 conductors and allows the turntable 
to rotate through an arc of 320° (see 
figure). At the extremes of rotation 
( ± 160 0), the cables are loose enough 
that they are not pulled taut and over­
stressed. At the halfway point (0°), the 
cables are not so loose that they be­
come entangled. 

The cables are held in a hollow shaft 5 
inches (12.7 cm) in diameter and 18 in­
ches (45.7 cm) long. At the rotating end 
of the shaft, the cables are distributed 
among five large circular holes around 
the periphery of a disk. At the ends of the 
shaft, the cables are bunched together 
and embedded in a resilient potting com­
pound. The cables thus form a shape 
reminiscent of a truncated cone with the 
narrow portion at the fixed end of the 
coupling. The conical configuration pre­
vents undue slackness or tension. 

The rotary connector was developed 
to carry electrical Signals to and from a 
telescope platform on a satellite without 
a complex and electrically noisy set of 
slip rings. The principle is also suitable to 
rotary actuators. 

This work was done by Franz Keller of 
American Science & Engineering, Inc., 
for Marshall Space Flight Center. No 
further documentation is available. 
MFS-25174 
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In Llfe-Cycle Tests, a rotary coupll ng was turned back and forth through an arc of ± 160 0. 

The top photograph shows the assembly at + 40° rotation: The cables sag against the 
transparent containing tube but are not tangled. The lower photograph shows the cables 
at _140° rotation: They are not tight and will not become tight at -160°. 
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VLSI Reed·Solomon Encoder 
Very-large-scale integrated chips are cascaded 
to yield the desired level of reliability. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
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A VLSI Universal Chip Is used for the various portions of a Reed-Solomon encoder. The chip has been designed in a shift-register ver­
sion in addition to the random-access-memory version shown here. 

A modular Reed-Solomon encoder 
uses identical custom VLSI chips called 
"symbol slices." By cascading and 
properly interconnecting a group of 
these chips, an encoder can be made 
for any desired error-correcting cap­
ability and interleaving level. 

Two versions of the symbol-slice 
chip have been designed: One uses 
shift registers as the internal serial 
memory while the other uses a random­
access memory (see figure). The mUlti­
plier configuration is the same in both. 

Reed-Solomon codes are used to de­
tect and correct random and burst er­
rors in the transmission of binary sig­
nals. The coding may be simple or com-
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plex, depending on the reliability re­
quired for the application. Concate­
nated (interlinked) coding systems us­
ing Reed-Solomon codes have been 
suggested for space-communication 
channels requiring low error prob­
abilities. 

The new VLSI chips are utilized in an 
encoder in which the Reed-Solomon 
code is concatenated with a Viterbi 
convolutional code in five-level in­
terleaving. (The Reed-Solomon code is 
the outer code.) 

The chips use internal serial memory 
and a read-only memory (lookup table). 
Serial input and output circuits, 
together with a two-phase serial paral-

lei finite-field multiplication circuit, and 
on-chip clock control circuits keep the 
number of input and output pins to a 
minimum. To minimize the number of 
multipliers required, a generator poly­
nomial that yields symmetrical coeffi­
cients is used in a special interchip­
connection technique. The resulting 
VLSI encoder requires only one-tenth 
the number of chips required by a con­
ventional Reed-Solomon circuit im­
plemented with discrete IC's. 

This work was done by Kuang Y. Uu 
of caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 2 on the TSP Request card. 
NPO-15470 
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Using SAW Resonators in RF Oscillators 
Two circuits illustrate the potential of 
surface-acoustic-wave resonators. 

Ames Research Center, Moffett Field, California 

Surface-acoustic-wave (SAW) reso­
nators are used as the frequency-deter­
mining elements in radio-frequency 
oscillator circuits at NASA's Ames 
Research Center. The oscillators can be 
frequency-modulated, phase-modu­
lated, or pulse-modulated. Two such cir­
cuits are described here. 

The SAW resonators are especially 
applicable to low-power subminiature 
applications, such as biotelemetry and 
wind-tunnel instrumentation, where they 
can advantageously replace crystals. 
The resonators are smaller than crystals 
and very thin - an advantage where 
small package size is important. They 
are fabricated with integrated-circuit 
techniques, so their use in place of crys­
tals gives promise of totally-integrated 
telemetry systems in the future. SAW 
oscillators can be directly modulated 
without the need for the multiplying 
stages often required with crystals, 
which simplifies the circuitry and further 
reduces size. 

The transistor used as the amplifying 
element in the oscillator has three con­
nections, and the two-port SAW resona­
tor has four. Therefore numerous circuit 
configurations are possible. Figure 1 
shows a single-pole two-port SAW 
resonator used as the frequency­
controlling element in a Colpitts-type 
oscillator operating at 150 MHz. The 
SAW device uses an ST -cut quartz sub­
strate to achieve a higher temperature 
stability than can be obtained with other 
substrates, such as lithium niobate or 
lithium tantalate. However, since the ST­
cut quartz has a higher insertion loss 
than the other substrates, the voltage is 
fed back directly from the collector 
rather than from a capacitor tap as is 
usual with this type of oscillator. The 
variable capacitor is adjusted for 
resonance at the operating frequency. 
This version of the oscillator can be used 
with supplies ranging from 1 to 6 volts, 
and current drains as low as 0.4 mA can 
be achieved by increasing the values of 
the bias resistors. 

(continued on next page) 
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Figure 1. This Integrated-Circuit Oscillator operates at a frequency (150 MHz) determined 
by the surface-acoustic-wave resonator. 
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Figure 2. This Base/Emitter-Tuned Circuit isolates the frequency-control elements from 
the output circuit; but, unlike the circuit in Figure 1, a separate tuning is needed for the 
collector and base/emitter circuits. 
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Frequency trimming or modulation is 
accomplished with the mechanically 
variable or voltage-variable capacitor 
between the SAW resonator and the 
emitter of the transistor; deviations of up 
to 100 kHz are possible without the loss 
of frequency stability. For pulse modula­
tion, the 27-kilohm bias resistor is con­
nected to a control voltage source that 
swings from ground to the positive sup­
ply level. 

A second circuit that uses the SAW 
device is shown in Figure 2. This circuit 
is baselemitter-tuned, with the voltage 
fed back from the collector. Again, fre­
quency trimming is accomplished with a 
variable capacitor at the emitter of the 
transistor, while the collector capacitor 
can be used to peak the power output. 
Pulse modulation is accomplished in the 
same manner as in the circuit of Figure 
1. 

Of the two circuits, the first is easier to 
frequency-modulate and only requires a 
single adjustment for peaking output 
power. However, the second circuit iso­
lates the frequency-control elements 
from the output circuit, providing better 
frequency stability when the output is 
loaded than does the first circuit. 

This work was done by Richard M. 
Westbrook and Gordon J. Deboo of 
Ames Research Center. No further 
documentation is available. 
ARC-11390 

Milliwatt de/de Inverter 
Compact unit shifts dc voltage level 
and isolates it from the input. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Only one integrated circuit and just a 
few external components are needed to 
make a dc-to-dc inverter with isolated in­
put and output voltages. The required IC 
is a hex inverter, such as the 7404, and 
the outboard components are a small 
transformer, two diodes, and a few re­
sistors and capacitors. The inverter 
gates function as the switching oscil­
lator and the driver amplifier for the cir­
cuit. If the IC is a transistor-transistor­
logic (lTL) module, the inverter delivers 
100 to 150 miUiwatts; if only microwatt 
power is required, a CMOS (complemen­
tary metal-oxide semiconductor) IC may 
be used. 

The figure shows an inverter circuit 
that has been designed, built, and 
tested. It uses the CMOS 74C04, which 
contains six independent inverters. 
Three of the inverters - A, B, and C -
are used with resistors R1 and R2 and 
capicitor C1 to form a square-wave 
generator that produces the switching 
required for voltage inversion. Operation 
at 100 kHz is feasible. This relatively 
high operating frequency reduces the 
size of the filte'r capacitors required, 
resulting in a small packaged unit. 

The oscillator output power is am­
plified by Inverters D, E, and F in parallel. 
Their square-wave output allows the 
10-Vdc local power source to charge 
and discharge capacitors ~ and C3 
through the primary of transformer T. 
The secondary of T is center-tapped and 
connected to a full-wave rectifier (two 
1 N916 diodes) to charge a 0.1-micro-
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This Compact dcJdc Inverter uses a single Integrated-clrcult package containing six In­
verter gates that generate and amplify a 100-kHz square-wave switching signal. The 
square-wave switching Inverts the 10-volt local power to an Isolated voltage at another 
desired level. 

farad capacitor to the new, Isolated, out­
put voltage level. 

This work was done by Colonel W. T. 
McLyman of caltech for NASA's Jet 

Propulsion Laboratory. For further in­
formation, Circle 3 on the TSP Re­
quest card. 
NPO-15157 
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Solid·State Circuits for Cryogenic Operation 
Selected commercially available components 
perform satisfactorily at 1.25 K. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Tests at NASA's Jet Propulsion 
Laboratory confirm the operation of 
five commercial semiconductor de­
vices at cryogenic temperatures. The 
five devices - one tunnnel diode, one 
field-effect transistor, and three CMOS 
integrated circuits - all perform well in 
circuits immersed in a liquid-helium 
bath. For some of the tests, the bath 
temperature was reduced to 1.25 K by 
pumping. 
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COMMON 
UNE While intrinsic semiconductors such 

as pure silicon and pure germanium turn 
into insulators at cryogenic tempera­
tures, some extrinsic materials, such as 
InSb and GaAs, retain free charge car­
riers and are candidates for low­
temperature semiconductor devices. In 
addition, devices that produce free car­
riers by field effect, rather than by ther­
mal excitation, and devices dependent on 
carrier tunneling are also possibilities for 
cryogenic operation. Circuit properties 
vary from batch to batch, however, and 
each unit has to be tested to verify its 
performance in a cryogenic environment. 

An Oscillator/Buffer Amplifier circuit that operates reliably at both normal and 
cryogenic temperatures, after repeated cycling between the two, uses a tunnel diode 
for the 4-MHz oscillator and a MOSFET source follower for the amplifier. 

The transistor tested for the NASA 
work Is a low-current 3N128 MOSFET. 
It was used in a buffer amplifier 
operating at supply voltages between 
2.3 and 7 volts dc. Low-current, low­
power operation is important for 
cryogenic operation since large power 

Charging Ni/Cd Cells 

dissipation would rapidly boil off the liq­
uid helium. Power consumption for the 
transistor was about 1 milliwatt. 

The figure shows the amplifier circuit 
and a tunnel-diode oscillator circuit, 
both of which performed well at tem­
peratures below 4.2 K. The BD-6 tunnel 
diode has been used previously for low­
temperature work; however, designers 
may be interested in the specific circuit 
configuration shown here. Metal-film 
resistors are used since the resistance 
of carbon increases substantially at low 
temperature. 

A multiplexer circuit for signals from 
133 liquid-level sensors was assembled 

Procedure is faster, reduces heating, and 
yields a higher end-of-charge voltage. 

Goddard Space Flight Center, Greenbelt, Maryland 

A new procedure for recharging 
nickel/cadmium batteries is fast and 
eliminates overcharging. The method 
charges " dead" cells using current in­
crements rather than continuous, con­
stant current. 

Formerly, NilCd cells removed from 
storage were activated by a Cl20 charg­
ing current (Le., an amperage equal to 
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one-twentieth of the ampere-hour ca­
pacity of the battery) maintained for 
48 hours. This practice involved an over­
charge of 100 percent, which evolved a 
great deal of heat. The end-of-charge 
voltage was relatively low because of 
the low charging rate and the elevated 
temperature. 

using CD4051 CMOS multiplexers, a 
CD4028 BCD-to-decimal decoder, and 
a CD4049 bufferllevel converter. 
Drivers for the circuit were located out­
side the cryostat, but the main circuit 
elements were operated in liquid 
helium. The liquid-level sensors were 
short lengths of constantan-alloy wire 
covered by a superconducting alloy 
with a transition temperature of 2.9 K. 

This work was done by Dusan Petrac 
and Robert L. Spencer of Caltech for 
NASA's Jet Propulsion Laboratory_ 
For further information, Circle 4 on 
the TSP Request Card. 
NPO-15255 

The new procedure starts with a low 
charging rate .(CI20) for a hours to re­
move some of the passive material that 
adds to the impedance of the electro­
chemical cell. Then the charging rate is 
maintained at C/10 for another 6 hours. 
Next, the cell is charged at C/5 until 
1.435 volts per cell are reached. Charg­
ing is continued at this fixed voltage until 

(continued on next page) 
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the current has tapered down to the 
Cl1 0 to Cl20 rate. 

The time required for the procedure is 
approximately 18 hours. and the cor­
respondingly reduced overcharging re-

duces the generation of heat. A further 
advantage is that the cells are more 
electrochemically active than after the 
48 hours of charging by the old method. 

This work was done by Gerald Halpert 
and C. Michael Tasevoli of Goddard 
Space Flight Center. No further docu­
mentation is available. 
GSC-12779 

Terminal Strip Facilitates Prlnted·Clrcult Board Changes 
Strip can be bonded to board directly 
over used or unused conductor patterns. 

Goddard Space Flight Center, Greenbelt, Maryland 

A laminated copper and polyimlde ter­
minal strip makes It easy to modify a 
printed-circuit (PC) board. after the 
board has been fabricated. When ep­
oxied over conductors or an insulating 
portion of the PC board. the strip pro­
vides a series of solder-coated copper 
conductor pads to which Integrated­
circuit leads can be soldered for func­
tional changes. The terminal strips can 
accommodate the leads on a dual. in­
line Ie package or as staggered single or 
multiple leads on planar mounted flat­
packs. 

The conductors are laminated to a 
polylmlde base (see figure) with each 
conductor brazed to a copper pin. Wires 
soldered to the pins connect the inte­
grated circuit to other components on 
the circuit board. 

The terminal strip Is bonded to a cir­
cuit board with an epoxy adhesive. It can 
be attached over any existing metaliza­
t ion . The strip-Insulating base of 
polylmlde makes It unnecessary to re­
move unwanted patterns on the board. It 
is usually unnecessary to disconnect un­
wanted patterns in other layers of a mUl­
tilayer board by drilling out plated­
through holes. However. plated-through 
holes can be used when needed to con­
nect strip-soldered leads of Integrated 
circuits on opposite sides of a board. 

With the new terminal strip. changes 
can be made at any stage of circuit­
board populatlOA. up until the installation 
of the board in the final product. Besides 
serving as a soldering pad for Inte­
grated-circuit leads. the terminal strip 
can perform the same function for the 
circuit-board connector Inputs and out-
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An Eaay-Cha .. Terminal Strip Is composed of two parallel rows of pins on an Insulating 
base. As the cross-sectional view shows, copper conductors are attached to the pins. The 
conductors are bonding pads for Integrated-clrcult leads. The length and width of the ter­
minal strip can be chosen by the manufacturer; usually a strip contains 20 pairs of pins. 
The shape of the pins Is optional; they can be rounded Instead of pointed, for example. 

puts when their links with board com­
ponents must be changed. 

ThIs work was done by E. A Pinto and 
C. E. McDsker of General Electric Co. for 

Goddard Space Flight Center. For fur­
ther Information, Circle 5 on the TSP 
Request Card. 
GSC-12748 
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Video Target Tracking and Ranging System 
A microcomputer-controlled two-camera TV system would track a 
moving object and determine its range and range rate. 

Lyndon B. Johnson Space Center, Houston, Texas 
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A proposed Target Tracking and Ranging System uses two automatic video target trackers to keep two TV cameras trained on the object 
being tracked. A microcomputer calculates range and range· rate information by triangulation. The input data for this calculation are the 
position coordinates of the two cameras and the pan and tilt aiming angles of the two cameras. 

A proposed microcomputer-controlled 
system computes the range and range 
rate of a moving object being tracked by 
two TV cameras. The pan and tilt 
(azimuth and elevation) angles of each 
camera are controlled by correction sig­
nals derived from the camera video 
signals. The range and range rate of the 
object are computed by triangulation 
from pan· and tilt·angle data and known 
camera coordinates. 

The system could be useful for target 
ranging at distances up to about 1,000 
feet (300 m) in such applications as vehi· 
cle collison avoidance, traffic monitor· 
ing, and surveillance. It might also 
substitute for short· range radar in situa­
tions where the radar signal could not be 
tolerated. 

The figure shows a block diagram of 
one proposed configuration. The two TV 
cameras are aimed at the object being 
tracked. They are mounted on pan and 
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tilt units that are controlled by the 
remote-control unit. Camera aiming 
might be controlled manually in some 
applications; but in the configuration 
shown, a closed feedback loop that 
keeps the cameras aimed at the moving 
object. Each camera digitally encodes 
its current angle settings into one TV 
frame line. 

The two TV signals are fed to TV 
monitors and to video target trackers by 
the video switching unit and the remote­
control unit. The balanced-to-unbal­
anced amplifiers convert the video Into 
the standard unbalanced format re­
quired by the trackers. 

The trackers do two things: They in­
sert cursors into the video Signals to 
mark the camera aim points on the 
monitor screens, and they develop 
analog error-signal voltages that in­
dicate the direction and magnitude of 
aiming errors in both the horizontal and 

vertical directions. The error signals go 
to zero when the target edge being 
tracked coincides with the cursor loca­
tion. The command formatter converts 
the analog error signals into digital com­
mands for the pan and tilt units to aim 
the cameras directly at the object. 

The line n decoder retrieves the pan­
and tilt-angle data from the TV signals 
and feeds them to the microcomputer 
system in which the triangulation calcu­
lations are performed. The range and 
range-rate results are displayed, either 
on the video monitors or else on 
separate readout units. The range data 
could also be used to c~ntrol directly 
other automatic-response systems. 

This work was done by Larry A. 
Freedman of RCA Corp. for Johnson 
Space Center. For further information, 
Circle 6 on the TSP Request Gard. 
MSC-20098 
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Transport Control for High-Density Digital Recorder 
New servo feedback technique controls tape 
transport by monitoring deskew buffers. 

Goddard Space Flight Center, Greenbelt, Maryland 
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The Tape CapItan Drive Motor speed Is controlled by a phase-locked loop to keep the data rate off of tape compatible with the the de­
mand clock rate, thus preventing deskew-buffer overflow or underflow. Immunity to speed perturbations caused by data dropouts Is ob­
tained by switching to a different data-channel reference signal whenever a dropout Is detected by the frame synchronizer In the channel 
currently In use. The desired tape speed is selected by changing the frequency of the demand rate clock and changing the divisor N in the 
programable divider. 

At data densities above 33 kbitlin . 
(13 kbitlcm), conventional servocontrol 
techniques proved to be inadequate for 
controlling tape movement in a ground­
support recorder for a NASA satellite. 
Tachometer feedback did not have the 
required resolution; conventional tape 
feedback lacked stability (particularly at 
low speeds) and was sensitive to tape 
dropouts. A new system has the neces­
sary resolution and is less sensitive to 
dropouts than are other tape feedback 
systems. It is also stable at low speeds. 

In the new system the servo feedback 
signal is derived from the data track 
signals, so that no separate servo track 
is required. The system can be adapted 
to any recorder that uses deskew buff­
ers. It requires no overhead information 
beyond the synchronizing words already 
required for data deskewing. 

At high bit densities a skew occurs 
between the data read from different 
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tracks; that is corresponding data bits 
on different tracks arrive at slightly dif­
ferent times. To correct skew error, sync 
words are recorded periodically in each 
track. During reproduction, the data 
read from different tracks are resyn­
chronized using the sync words for 
framing reference. Frame synchroniza­
tion is achieved by storing the data bits 
from each track in a separate deskew 
buffer memory as they are read from the 
tape and then clocking out correspond­
ing bits from all the deskew buffers 
simultaneously. 

The figure shows the signal paths of 
the servo loop. A phase-locked-loop cir­
cuit compares the phase of a signal 
derived from the demand rate clock to 
that of a signal derived from one of the 
data tracks being written. The phase er­
ror between these two signals is directly 
proportional to the level of data in the 
deskew buffer. Depending on the sign 

and magnitude of the detected phase er­
ror, the reference frequency of the tape­
transport servo is raised or lowered 
slightly to reduce the phase error toward 
zero, thus maintaining a constant net 
level of data in the buffer. 

The tape transport is also phase­
locked using a motor/tachometer feed­
back signal. This allows the transport to 
have constant gain (20 dB) out to about 
700 Hz. Since the bit sync circuit also 
has constant gain (0 dB) to about 500 
Hz, it is possible to control the entire 
system response with the servo phase­
locked loop. By keeping the servo band­
width very small (2 Hz at the lowest tape 
speed), total system stability is ensured. 

In effect, the servo phase-locked loop 
monitors the level of data in one of the 
deskew buffers and adjusts the speed of 
the transport accordingly. By regulating 
the speed of the transport, it controls the 
rate at which data are written into the 
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buffer, thereby preventing buffer over­
flow and underflow. It also maintains the 
optimum level of fullness, which pro­
vides maximum deskew capability. 

Dropouts in the data channel pro­
viding the feedback signal cause a 
phase error in that signal, which, if un­
corrected, would cause bit errors. A 
dropout tends to reveal itself, however, 
by causing the following sync word to 
turn up at an incorrect separation. The 

frame synchronizer detects 'this and 
signals the handover control to switch to 
a second data channel that is still prop­
erly phased, before erroneous informa­
tion gets to the phase detector. Thus, 
phase lock is maintained in spite of data 
dropouts. In applications where frequent 
data dropouts can be tolerated, this 
makes it possible to use cheaper tape. 

This work was done by Mark D. Matlin 
and Arthur M. York of Martin Marietta 

Corp. for Goddard Space Flight Cen· 
ter. For further information, Cir­
cle 7 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
qUiries concerning nonexclusive or ex­
clusive license for its commercial devel­
opment should be addressed to the Pa­
tent Counsel, Goddard Space Flight 
Center [see page AS]. Refer to 
GSC-12727. 

Phase-Sensing Guidance for Wire-Following Vehicles 
An array of coils senses phase changes that 
occur when the wire is crossed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A guidance system for wire-following 
vehicles has been tested successfully at 
speeds exceeding 50 milh (80 kmlh) on a 
difficult 1-mile (1.&km) course. Unlike 
previous sensors that compare the 
amplitudes of signals picked up from the 
guide wire, the new system compares 
the signal phases. 

In the new system, an array of coils, 
mounted in a line along the front bumper 
of the vehicle (see figure) monitors the 
electromagnetic signal radiating from 
the wire. The guide wire on the ground 
beneath the vehicle carries a 6- to 7-kHz 
alternating current. 

The phase-sensing system is less sen­
sitive to electromagnetic noise than was 
the amplitude-sensing system. In addi­
tion, the system " remembers" the last 
position of the wire and validates a new 
position only if it falls immediately on 
either side of the previous position. The 
remembered position is also used during 
brief periods of lost signal. 

-The signals picked up by the two coils 
mounted horizontally serve as a phase 
reference. The vertically mounted coils 
are sensitive only to the vertical compo­
nent of the guide-wire magnetic field 
which changes sign from one side of the 
wire to the other. As the vehicle moves 
to one side with respect to the wire, one 
coil after another undergoes a phase 
reversal, indicating the change in the 
position of the vehicle. 

The amplitude of the signal varies 
somewhat from coil to coil due to the dif­
fering distances from the wire and to the 
variation in angle between the coils and 
the magnetic field. Before the phase 
comparisons are done, the Signals are 
amplified and clipped to constant 
amplitude. The phase state of each coil 
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GUIDE WIRE CARRYING 
ALTERNATING CURRENT 

The Phase-Sensitive Guidance Sensor uses a series of vertical-axis coils and two 
horizontal-axis colis to detect an alternatlng-current Signal from the guide wire. The ar­
rows Indicate the direction of the magnetic field at one moment. The signals from the 
horizontal coils serve as a phase reference for the electronics. Signals from the vertical 
coils to the left of the wire are 180° out of phase with the signals from the coils to the right 
of the wire. The phase-transition point indicates the position of the guide-wire. 

is stored in a flip-flop. Only a coil passing 
directly over the wire should undergo a 
phase reversal; any other reversal is 
considered spurious - indicating noise 
interference or other undesirable ef­
fects. Spurious reversals of each flip­
flop are prevented by controlling the set 
and reset inputs with signals from the 
two adjacent flip-flops. If those two flip­
flops have identical output polarity, 
change is inhibited. (The inhibition logic 
could be extended to as many adjacent 
flip-flops as desired.) 

The flip-flop outputs can encode 
numerical values of wire position for 
telemetry, data processing, and control. 
The deviation in position wjth respect to 
the wire can be expressed as a number 
proportional to the tracking error. This 
error signal can be used to control the 
vehicle-steering motors. 

This work was done by George R. 
Hansen of Caltech for NASA's Jet Pro· 
pulsion Laboratory. For further infor­
mation, Circle 8 on the TSP Request 
Card. 
NPO-15341 
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Hardware Fault Simulator for Microprocessors 
A breadboarded circuit is faster and more 
thorough than a software simulator. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

A fault simulator built in hardware for 
a commercially available microproc' 
essor operates twice as fast as a com· 
parable simulator implemented in soft· 
ware. According to tests at NASA's Jet 
Propulsion Laboratory, a microproc' 
essor circuit can be tested for "stuck" 
faults more quickly and more efficiently 
by using the fault-simulator circuit. 
Designers of fault·tes.t circuits should 
consider a hardware approach where 
speed is more important than cost of 
parts and where there are facilities 
available for breadboarding and testing 
the circuits. 

In CMOS (complementary metal· 
oxide semiconductor) technology, the 
most probable faults are those where a 
gate is stuck at either 1 or O. Therefore 
the stuck·fault detection efficiency is the 
parameter measured when evaluating 
test procedures. 
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0 A fault simulator may be a software 
model of the circuit, with provision for 
simulating malfunctions at various 
points; or it may be a breadboarded ver· 
sion of the circuit, with fault injectors 
added. In either case, proposed tests 
are tried out on a deliberately faulty 
simulator, and the detection efficiency 
of the test is measured as the ratio: 

An Elementary Fault Simulator for an AND Gate uses three gates and a shift register to 
simulate stuck·at-one or stuck·at·zero conditions at the inputs and output. 

Number of Faults Detected 
Total Number of Faults 

The object is to detect 100 percent of 
possible malfunctions. An optimum set 
of tests should detect all malfunctions 
with a minimum number of tests. 

To test the new hardware simulator 
concept, an 1802 microprocessor was 
first duplicated in breadboard form by 

M/croprogramed Sequencer for 
Tunable RF Oscillator 

A programable frequency synthesizer 
originally designed to test K-band radar 
transmitters is applicable to automated 
test equipment and computer-controlled 
receiver tuning. The circuit consists of a 
PROM-based control sequencer driving 
a group of diode switches, which select 
one of eight tuning capacitors in an L-C 
oscillator. 
(See page 128.) 
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about 200 standard commercially avail­
able integrated circuits, with all the 
nodes that are usually inaccessible 
made available for entry. The bread· 
board was then converted into a fault 
simulator by the addition of gates and 
serial·infparallel-out shift registers (for 
example, see figure), which function as 
fault injectors. The injectors made it 
possible to select and simulate single or 
multiple stuck faults . 

Experimental results showed that the 
hardware fault simulator for the micro­
processor gave faster results than a 
software Simulator, by two orders of 

Tang/eproof Rotary Electrical 
Coupling 

A new rotary coupling connects up to 
246 cables containing a total of 758 con· 
ductors to a turntable without over­
stressing or tangling the cables. The 
device permits turntable rotation 
through 320°. At the rotation extremes 
( ± 160°), cables maintain enough slack 
to eliminate overstressing and enough 
stress to prevent cable entanglement at 
the midpoint (0°). 
(See page 129.) 

magnitude, with one test being applied 
every 4 microseconds. 

The testing of alilarge·scale and very· 
large-scale integrated-circuits for stuck­
high and stuck-low faults can benefit 
from this type of hardware fault simu­
lator. More recently, it was found that 
with proper initialization and sorting of 
the list of test vectors, stuck-open faults 
can also be identified. 

This work was done by Lawrence M. 
Hess and Constantin C. Timoc of 
Galtech for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 9 on the TSP Request Gard. 
NPO·15080 

USing SA W Resonators in RF 
Oscillators 

Surface-acoustic-wave (SAW) re­
sonators are direct replacements for 
crystals as frequency-determlning ele­
ments in RF oscillators. Because SAW's 
are fabricated using integrated-circuit 
technology, they are much smaller than 
crystals and are especially applicable in 
low·power, subminiature instrumenta­
tion, such as in biotelemetry deVices. 
(See page 131 .) 
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Control System Damps Vibrations 
An electromechanical control system compensates 
for the natural vibrational modes of a structure. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

"0 • E 

~ Or __ ~ ____ r-__ ~ __ ~ __ ~lO 

Z 16 
o 
;:: 
iii 
~ 12 
a: 
:5 
5 8 
z 
« 
~ 
a: 4 
1t 
j 
Q. 

~ lOr---~--~--~----r---' 
!! 
E 8 
ui 
~ 6 

a: 4 
:5 
:::;, 2 
Cl z 
« 0 
~ 
a: -2 
o u.. 
j - 4 
Q. _6~ __ ~ __ -L __ ~ ____ L---J 

The MotIon Of A Torque-Motor·Driven 
Camera platform Is shown by position and 
rate curves. Structural vibrations excited 
by the motion are seen In the rate curve, 
but are effectively damped by the torque· 
command Signals generated In the phase· 
locked·loop compensation system. 

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

Space· Platform 
Technology 

Future needs and 
technology are projected. 

A study has examined the possibil ity 
of using a few large platforms in space 
instead of many small satellites to pro-
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A new control system damps vibra­
tions in rotating equipment with the help 
of phase-locked-loop techniques. Vibra­
tional modes are controlled by applying 
suitable currents to the drive motor. The 
control signals are derived from sensors 
mounted on the equipment. 

This system was developed for sta­
bilizing the stator section of the Galileo 
spacecraft. The stator has four elastic 
modes below 10Hz. One phase-locked 
loop (PLL) captures the resonance 
signal for each mode. 

In a PLL, a local Signal Is generated 
with a variable·frequency oscillator. This 
signal is fed as a reference into a phase 
detector, where it is compared to the in­
put to develop an error signal that is pro­
portional to the phase angle between the 
input and reference signals. The error 
signal corrects the oscillator phase and 
frequency. This signal is then used to 
generate a compensating element of the 

vide communications and other ·ser· 
vices. The study was based in large 
measure on a user survey. A list of 31 
potential services was presented to 
leading telecommunications firms (in· 
cluding carriers, programers, users, and 
manufacturers). Both favorable and an· 
tagonistic viewpoints were solicited. The 
result was a wealth of information on in· 
dividual satellite system requirements of 
the future. 

The study produced information on a 
variety of subjects, including: 
- Best locations for geostationary plat­
forms, 

- Potential missions and their charac· 
teristics, 

- Interface reqUirements between a 

torque-command signal. The PLL is easi­
ly implemented in either hardware or 
software: For Galileo it is all software, 
with oscillator signals generated by in­
tegrating rate equations. 

In one example of compensation per­
formance, the gyro moved a camera to 
take a series of 1·second exposures for 
a photo mosaic. The PLL compensated 
for a 5.5-Hz vibration. The angular posi­
tion and rate of the camera platform are 
shown as functions of time in the figure. 
Structural vibrations at 5.5 Hz were ex· 
cited by the motion. However, the vibra· 
tions are damped in less than 2 seconds. 

This work was done by Edward H. 
Kopf, Jr., Thomas K. Brown, and Elbert 
L. Marsh of caltech for NASA'. Jet 
Propulsion Laboratory. For further in· 
formation, Circle 10 on the TSP Re· 
quest card. 
NPO·15002 

geostationary platform and equipment 
for specific services, 

- A compendium of payload charac­
teristics, and 

- Comparative antenna characteristics. 
Platforms will be transported to low 

Earth orbit by Space Shuttle in one or 
more launches. Sections of the platform 
will be assembled and partially tested in 
low orbit. Upper-stage vehicles, such as 
the Centaur rocket, will carry the plat· 
form to geostationary orbit. The basic 
platform will provide electric power, 
telemetry, stationkeeping, coarse point· 
ing, and heat control for the individual 
services, which may include voice and 
data telecommunications, television and 

(continued on next page) 
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radio broadcasting, data collection, 
intersatellite links, navigation, maritime 
and aircraft communications, and many 
others. 

One of the major conclusions of the 
study was that additional work is needed 
on multibeam antennas using wide scan 
angles. The shape of the individual 
beams from such antennas varies over 
the area to be covered (the shape is not 
a simple hexagon as is often assumed), 
and interference from side lobes can be 
considerable. However, the study found 
that if the area to be covered is broken 
into different parts (for example, if a 

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

Shuttle Communications 
Blackout Study 

The RF power loss through 
a three-dimensional 
plasma sheath is 
computed. 

The atmospheric reentry and landing 
of the Space Shuttle orbiter require 
precise targeting control from the deor­
bit point to ground touchdown. Radio 
communications with the orbiter during 
this time period are critical to provide ac­
curate state vector updates for vehicle 
guidance programs. The Space Shuttle 
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country is divided into several regional 
markets covered by various independ­
ent reflectors), the scan angle can be 
reduced so that the beam pattern is 
more sharply defined and side-lobe 
levels are reduced. 

A platform will be required to gene· 
rate about 20 kilowatts of power and to 
dissipate about 16 kilowatts as heat. In 
many cases, it will have to maintain at­
titude within ± 0.1 0, with subplatforms 
providing additional pointing accuracy 
where required. 

This work was done by the COMSAT 
Laboratories of Communications Satel-

Orbiter Entry Communications Blackout 
Study computer program models, in­
vestigates, and predicts communication 
blackout envelopes based on mission 
entry trajectory and associated data 
from tracking stations. It should be of in­
terest to those designing and using com­
munications systems susceptible to 
blackout. 

When the orbiter reenters the Earth's 
atmosphere during a typical deorbit-to­
landing trajectory, it initially travels at 
hypersonic speeds. Shock-heated air 
envelops the entire orbiter in a layer of 
dissociated and ionized air molecules 
termed the "plasma sheath ." This 
plasma sheath is electrically conduct­
ing, and electromagnetic interaction 
with the free electrons in the plasma can 
significantly impair radio-frequency 
transmissions. In addition to the signal 
attenuation due to propagation in the 
plasma, the reflections and refractions 
at the plasma interface can also repre­
sent a significant power loss to the 
overall communications link with the 
orbiter. 

The Orbiter Entry Communications 
Blackout Study program determines the 

lite Corp. for Marshall Space Flight 
Center. Further information may be 
found in NASA CR·161807, [N81-26164/ 
NSP] and CR-161808 [N81-261651NSP], 
"Final Report Geostationary Platforms 
Mission and Payload Requirements 
Study, .. Volume I [$10.50] and Volume" 
[$15). Paper copies may be purchased 
[prepayment required] from the National 
Technical Information Service, Spring­
field, Virginia 22161. The reports are 
also available on microfiche at no 
charge. To obtain microfiche copies, 
Circle 11 on the TSP Request Card. 
MFS-25704 

three-dimensional shock shape of the 
orbiter, used to define the plasma prop­
erties and plasma sheath aerodynami­
cally, from the real shape of the vehicle 
flow field and the associated boundary­
layer displacement. The program com­
putes the electromagnetic-radiation 
power loss through the plasma sheath 
based on the vehicle antenna character­
istics and the actual line-of-sight vector 
determined by the receiver station 
relative to the flightpath and the attitude 
of the vehicle in space. The program can 
be readily adapted to predict the entry 
communications blackout for any non· 
ablative entry vehicle. 

This program is written in FORTRAN 
IV for batch execution and has been im­
plemented on a CDC 6000-series com· 
puter with a central memory require­
ment of approximately 163K (octal) of 
60-bit words. The program was devel­
oped in 1980. 

This program was written by Robert L. 
Haben and Robert J. Budica of Rockwell 
International Corp. for Johnson Space 
Center. For further information, Cir­
cle M on the COSMIC Request Card. 
MSC-20141 
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Curved-Surface Beam Splitter 
Spherical entrance and exit surfaces 
minimize optical aberrations. 

Goddard Space Flight Center, Greenbelt, Maryland 

A beam splitter with curved entrance 
and exit surfaces introduces less chro­
matic aberration and Seidel aberrations 
in some optical systems than traditional 
plate or block beam splitters. The new 
design is used in pupil-concentric sys­
tems, such as the Schmidt-type mirror 
objective shown in the figure. 

Many optical applications require one 
objective to form images at several focal 
planes. Examples include color-TV 
cameras with three vidicon tubes and 
cameras used to separate a color image 
into separate colors for color printing 
presses. 

In pupil-concentric systems, all the 
optical elements are concentric about 
the aperture stop; the system has no 
preferred axis, and therefore there are 
no off-axis aberrations. Such systems 
exhibit only spherical and chromatic 
aberrations. 

The introduction of a block beam split­
ter destroys the symmetry of pupil­
concentric systems and introduces se­
vere Seidel and chromatic aberrations. 
Compensating elements can be added 
but only at the expense of weight and 
compactness. 

The proposed beam splitter -like the 
block beam splitter - has an optically­
flat, partially-reflecting interior surface. 
Unlike the conventional design, how­
ever, the beam entrance and exit sur­
faces are spherical and concentric 
about the aperture stop. Thus the beam 
splitter surfaces generate only spherical 
and chromatic aberrations. While these 
aberrations may be larger than without 
the beam splitter, no new types of aber­
ration are introduced. 

The interior reflecting surface can be 
metallic for wavelength-independent 
beam splitting or dichroic (showing dif­
ferent color in different directions) to 
split the beam into different wavelength 
bands. Since the lens power and 
spherical aberration of the proposed 
beam splitter are quite low, systems with 
a very large wavelength range are possi­
ble without resorting to additional optical 

(contlnueo on next page) 
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The Spherical-Surface Beam Splitter can be used in a Schmidt·type mirror objective to 
split the converging image-forming beam so that two images are formed. The small aber­
rations introduced can be corrected by a compensator plate located at or near the aper­
ture stop. 
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components for the compensation of 
chromatic aberration. 

The scheme can be extended to more 
than two images. The number of splits is 
limited only by energy absorption in the 
splitter and by available space. 

This work was done by Peter O. Minott 
of Goddard Space Flight Center. For 
further information, Circle 12 on the 
TSP Request Card. 

This invention is owned by NASA. and 
a patent application has been filed. In· 

quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center [see page AS]. Refer to 
GSC-12683. 

Optical Sensor for Robotics 
Optical pattern yields orientation and 
distance of objects as they approach. 

Marshall Space Flight Center, Alabama 

An optical method for precisely dock­
ing a spacecraft and a satellite promises 
to be useful in terrestrial applications, 
such as the control of robot movements 
in manufacturing. The reflections of a 
laser beam from patterns on the satellite 
yield information on the radial misaline­
ment, angle between axes, and range 
(Figure 1). 

An optical transmitter/receiver on the 
spacecraft projects the laser beam on 
the satellite. A mechanism moves the 
beam direction in a cone, so that the 
light beam scans the target in a circular 
or an elliptical pattern. 

A target on the satellite consists of 
two concentric sections (Figure 2): 
-Section A is an annulus in which reflec­
tivity decreases with distance from the 
center of the target. It consists of con­
centric rings, alternately of high and 
low reflectivity. The ratio of the widths 
of two adjacent zones is tapered as a 
function of radius to give a reflectivity 
that decreases exponentially with 
radius. The width of a ring is only a 
small fraction of the diameter of the 
moving light spot. 

-Section B is a central circular area, the 
reflectivity of which varies in a known 
manner with the angle of the incident 
laser beam but not with radial position. 
To determine the range, or distance 

between the sensor and the target, the 
optical system' adjusts the scanning­
cone angle so that the ratio of maximum 
to minimum power from the target rings 
equ?ls a preset value. As a conse­
quence of the exponential taper, the 
range is inversely proportional to this 
scanning-cone angle. (When there is 
angular misalinement, the range head· 
ing may be slightly in error on account of 
the consequent elliptical shape of the 
scan.) 

The direction of the radial misaline­
ment is derived from the beam-scan 
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Figure 1. The Docking Sensor System determines radial misalinement, angular misaline­
ment, and range. 

Figure 2. The Target Pattern consists of rings of alternating high and low reflectivity and a 
central section where reflectivity varies with the angle of incidence but not with position. 

angles at the moments of maximum and 
minimum reflected power. The required 
correction is a rotation of the spacecraft 
in the plane defined by the scanning­
beam positions at maximum and mini­
mum reflection, toward the position of 
maximum reflection from section A. A 
sequence of such corrections will cause 
the center of the cone to approach the 
center of the target. 

As the radial misalinement is reduced 
to a small value, the beam illuminates 
more and more of the central circular 
area of the target, section B. The low re­
flectivity of section B produces increas­
ingly long dips at the output of the light 
sensor, signaling the approaching end of 
the radial correction phase. That phase 
is ended when the entire conical scan 
falls into section B. 
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The amount of angular misalinement 
is indicated by the ratio of maximum to 
minimum power reflected from section 
B. As the angular misalinement de­
creases, the fluctuations in reflected 
power decrease until reflected power 

remains at a constant level. The re­
quired correction for angular misaline­
ment is rotation of the spacecraft about 
an axis in the plane of the target perpen­
dicular to the plane defined by the scan­
ning beam at the points of maximum and 
minimum reflection from section B. 

This work was done by Fredrick 
Weindling of United Aircraft Corp. for 
Marshall Space Flight Center. For fur­
ther information, Circle 13 on the TSP 
Request Card. 
MFS-25713 

Holographic Microscopy System 
System achieves 2-J,.lm resolution throughout 
a 100-cm3 sample volume. 

Marshall Space Flight Center, Alabama 

A holographic system originally 
developed for testing theories of two­
liquid systems could be used for meas­
urements of aerosols, particles In a 
transparent medium, or microscopic 
biological specimens. The holograms 
are recorded in 3- to 5-millisecond expo­
sures on high-resolution holographic 
film using the system shown in the 
figure. 

In the playback system, the devel­
oped holograms are illuminated with the 
same type of laser used in the construc­
tion system. After passing through the 
hologram, the beam is incident upon the 
vidicon tube of a television camera, pro­
ducing a real image of the test cell and 
its contents. 

A commercial automated feature­
analysis system measures the size 
distribution of the particles in the test 
cell by analyzing the video signal from 
the TV camera. The analysis system in­
cludes a TV monitor, particle-sizing elec­
tronics, and a computer (with video 
monitor, keyboard, and printer). 

The portion of the test cell that can be 
viewed in sharp focus at one time is 
about 0.1 mm thick. By moving the 
hologram nearer or farther from the TV 
camera, any portion of the cell can be 
observed. Depending on the relative 
positions of the spatial filter, hologram, 
and TV camera, the reconstruction sys­
tem can achieve magnifications ranging 
from 1X to 1,200X even though no 
magnifying lenses are used. 

For the experiments on phase sepa­
ration of immiscible liquids, an iso­
thermal test cell maintains a fixed tem­
perature within ± 0 .001 K. A 
temperature bath surrounding the test 
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The In·Un. Holographic Microscopy System includes a construction or recording system 
and a reconstruction or playback system. Both systems use 1-watt argon-ion lasers 
operating at a wavelength of 514.5 nm, TEMOO mode, with a coherence length of 
approximately 1 m. 

cell is monitored with a thermistor con­
nected in an ac Wheatstone-bridge cir­
cuit. The bridge is in balance at the 
preset temperature, and the bridge error 
signal controls power to a heater wire in 
the temperature bath. 

Liquids analyzed thus far with the 
system include diethylene glycol and 
ethyl salicylate. A thin test-sample cell 
(0.1 mm thick along the optical axis) was 
used because high particle densities 
(105 to 107 particles/cm3) were 
predicted by theory. Particle size and 
growth rate were monitored over a 
1/2-hour period. By comparing holo-

grams taken at different times, particle 
motion was also studied. 

ThIs work was done by William K. 
Witherow of Marshall Space Flight 
Center. Further information may be 
found in NASA TM-82437 [N81-302121 
NSP], "Holographic Microscopy Studies 
of Emulsions" [$9]. A paper copy may be 
purchased [prepayment ' required] from 
the National Technical Information Ser­
vice, Springfield, Virginia 22161. The 
report is also available on microfiche at 
no charge. To obtain a microfiche copy, 
Circle 14 on the TSP Request Card. 
MFS-25673 
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TRISCAN Antenna-Positioning Algorithm 
A method developed expressly for digital 
positioning improves accuracy and sensitivity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

TRISCAN is a scanning algorithm that 
improves the alinement between the 
boresight of a radar antenna and a tar­
get. The algorithm was originally devel· 
oped for digitally pointed antennas in the 
deep-space network; however, it could 
possibly be used in locating radio 
sources on Earth. 

Q 

AHA 

+DEC-

TRISCAN (the acronym stands for tri­
angular scan) estimates the coordinate 
errors in hour angle and declination be­
tween the predicted and the true loca­
tions of a radio source. For stars, 
TRISCAN employs a set of measure­
ments made by a noise-adding radiome­
ter . This device yields a temperature 
reading proportional to the system back­
ground noise power plus any noise 
power emanating from the star; the lat­
ter is attenuated by an amount that 
depends on the antenna boresight off­
set. When the background temperature 
is subtracted from the total reading 
while the boresight is in the vicinity of a 
star, the result is the effective star tem­
perature at the given offset. 

I.Cf2J 

... ---- b.DEC ----+_--

The algorithm uses the measurement 
of three effective star temperatures 
from the same star (see figure). The first 
measurement is made at the predicted 
or best-known location of the star. The 
second and third measurements are 
made at the base pOints of a known tri­
angle. The ratios TOfT1 and TOfT2 are 
used to calculate offset parameters, us­
ing the general relationship between re­
lative temperature reading and bore­
sight offset. The offset parameters are 
then used in trigonometric calculations 
to estimate the offset from the pre-

+HA 

~ 

Three Measurements of Star Temperature form a triangle having apexes representing the 
temperatures TO, T1, and T2. The triangle height is a downward excursion in hour angle 
(HAl, while the triangle base consists of sideways excursion in declination (± DEC). 
Using the three measured star temperatures and the triangle geometry, an algorithm 
calculates estimated offsets from the predicted pOint to the star, indicated as AHA' and 
ADEC', for final antenna positioning. 

directed point to the star. A typical 
TRISCAN star scan takes about 5 min­
utes. For applications where the signal 
source changes direction rapidly, the 
process would have to be automated to 
speed up the analYSis. 

This work was done by Robert C. 
Bunce of Bendix Field Engineering Corp. 
for NASA's Jet Propulsion Labora­
tory. For further information, Cir­
cle 15 on the TSP Request Card. 
NPO-15577 

Ion MassNelocity/Charge Spectrometer 
m/q is resolved to 1 part in 40. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An ion spectrometer, originally 
developed for spacecraft analysis of the 
solar wind and cometary ions, distri­
butes ions two-dimensionally and meas-
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ures three characteristics of the 
incident-ion beam: (1) masslcharge dis­
tribution, (2) ion velocity distribution, and 
(3) the direction of incidence. It could 

also be useful for diagnosis in ex­
perimental plasma physics in the colli­
sionless regime. 
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Ions that enter from directions within 
the field of view are reflected by a 
charged-grid electrostatic mirror into 
the accelerator grids (see figure). The 
voltage on the accelerator grids is 
modulated to scan a wide range of 
incident-ion speeds, v, and to bring 
those speeds within the narrower ac­
ceptance range of the magnetic 
analyzer. The azimuth angle, +, of 
incoming-ion velocities is scanned by 
spacecraft rotation or by stepping the 
electrostatic mirror in azimuth. 

The magnetic analyzer serves as a 
momentum/charge (mv/q) filter with an 
angular acceptance of ±(0.5° to 0.9°) 
in + and ± 30° in the elevation angle, e. 
The ions selected by the magnetic 
analyzer are dispersed two-dimen­
sionally by the electrostatic deflector ac­
cording to mass/charge (m/q) and e. 

The two-dimensional sensors in the 
electrostatic-deflector section include 
2,500-volt accelerating grids followed by 
microchannel-plate (MCP) electron 
multipliers. The MCP output at each 
point is collected by 1 of 40 conductive 
anode strips that run along the m/q axis, 
each strip receiving ions with e values in 
a ±3.75° range. The location of the 
incident-ion beam, and therefore the 
m/q value, is deduced by sensing the 
pulses on the strip. The data are 
manipulated by a microprocessor be­
fore transmission. 

In tests, a model of the spectrometer 
resolved m/q to 1 part in 40 (with m/q 
measured in atomic mass units per 
elementary electric charge). Some other 
performance figures include: 
-m/q ranges, 1 to 4, 12 to 24, and 28 to 

56; 
- Ion-energy range, 0 to 8[1 + 1/(m/q)) 

The Ion Spectrometer uses a novel combination of standard electrostatic and magnetic 
deflection techniques to sort incident ions according to speed, the direction of incidence, 
and mass/charge ratio. 

keV; and 
-Energy resolution (digitization), ± 7.8 
eV. 

This work was done by Marcia M. 
Neugebauer, Douglas R. Clay, and 

Bruce E. Goldstein of Ca/tech for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 16 on 
the TSP Request Card. 
NPO-15423 

Design Calculations for Thermoelectric Generators 
Heat rate, power delivered to load, and thermodynamic 
efficiency can be calculated with high accuracy. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Nine simplified analytic models based 
on average properties accurately predict 
heat rates for silicon/germanium thermo­
electric generators. Solutions from these 
simplified models were compared with 
those obtained using sophisticated nu­
merical analysis. The maximum errors in 
calculated heat rate range from about 4 
percent to about 0.2 percent. The models 

NASA Tech Briefs, Winter 1982 

may also be used to calculate power 
delivered to a load and thermodynamic 
efficiency. 

Even with modern computers, the dif­
ferential equations that describe steady 
power generation in semiconductor 
thermocouples are difficult to solve. The 
reason is that such devices experience 
sizable temperature differences, and 

the properties of the silicorygermanium 
vary widely and nonlinearly with 
temperature. 

A SiliCOn/germanium thermoelectric 
generator (shown schematically in the 
figure) may be operated between 
thermocouple hot-junction tempera­
tures as high as 850 0 C and cold­
junction temperatures below 200 0 C. 

(continued on next page) 
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Over such a large temperature range, 
the properties of the thermocouple legs 
vary greatly with position in the 
temperature gradient. 

The new models are grouped into 
three types In order of complexity: 
-Approximation I assumes that thom­
son heating (heat generated or ab­
sorbed when a current passes through 
a conductor in which there Is a tem­
perature gradient) is negligible and that 
Joule heating (heat evolved by current 
through a resistance) is uniformly 
distributed. 

-Approximation II assumes only that the 
sum of Thomson heat and Joule heat is 
uniformly distributed. 

-Approximation III assumes that the 
local net heat generated per unit 
volume is made of two components -
a uniformly distributed Joule heat and a 
Thomson heat, which is proportional to 
the product of the thermal conductivity 
and the temperature gradient. 

Each type of approximation In turn has 
three subgroups based on the three dif-

850"C 
HOT JUNCTION 

New Mathematical Models apply to 
thermocouple-type generators composed 
of n- and p-type semiconductor alloys (78 
atomic percent silicon, 22 atomic percent 
germanium). Calculations were made for 
an 850° C hot Junction and a 200° C cold 
Junction and for a ratio of load to Internal 
resistance ranging from 0.8 to 1.5. 

ferent averages Q for the electrical 
resistivity Q: 
-Subgroup (a) regards Q as a constant 
equal to a simple integral average 
taken over the range of temperatures 
of the hot and cold junctions. 

-Subgroup (b) regards Q as equal to an 
integral average obtained by using the 
thermal conductivity as a weighting 
function over the range of tempera­
tures of the hot and cold junctions. 

-Subgroup (q) expresses Q as a spatial 
integral average over all positions 
within the device between cold and hot 
junctions. 

Approximation I, subgroup (b) intro­
duces the greatest error (4.2 percent) in 
heat rate. Approximation III, subgroup 
(b), introduces the least error, (less than 
0.2 percent. 

The models can be selected accord­
ing to the accuracy needed. Similar 
average-property models can be used to 
refine the accuracy of lumped-param­
eter approximations for electrical trans­
mission lines, flow through chemical 
reactors, and limit-stressed structural 
members. 

This work was done by Burton Zeldin 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 17 on the TSP Request Card. 
NPO-15286 

Evaluating Energy Conversion Efficiency 
A family of curves aids in evaluatiing 
solar-energy conversion devices. 

Langley Research Center, Hampton, Virginia 

Devices that convert solar radiation 
directly into storable chemical or elec­
trical energy, such as photovoltaic, 
biological photosynthetic, photochemi­
cal, and photoelectrochemical, have a 
characteristic energy absorption spec­
trum; specifically, each of these devices 
has an energy threshold. The con­
version efficiency of a generalized sys­
tem that encompasses all threshold de­
vices has been analyzed, resulting in a 
family of curves for devices of various 
threshold energies operating at different 
temperatures. 

The system consists of a blackbody 
source at 6,000 K and a radiant energy 
converter having a threshold energy Eo 
operating in contact with a reservoir at a 
fixed temperature TR- The analysis is 
based on the first and second laws of 
thermodynamics and leads to a determi­
nation of the limiting or ultimate efficien­
cy for any conversion system having a 
characterestic threshold energy (such 
as the band gap of a solar cell) and an 
operating temperature. 

150 

>­o z 
w 
o 
iL: 
u.. 
w 
z 
o 
en a: 
w 
> z 
8 0.1 

GaAs CdS 

Eo. THRESHOLD ENERGY (eV) 

Conversion Efficiency Limits vs. threshold energies of various photosensitive devices 
can be compared with the aid of a family of characteristic curves. The maximum efficien­
cy is 44 percent for silicon. The highest solar-energy conversion efficiencies correspond 
to threshold energy levels between 0.75 and 1.5 eV for all operating temperatures. 

The curves shown give the maximum 
possible conversion efficiency for any 
device having a threshold energy. The 
maximum efficiency of 44 percent re­
quires an operating temperature of 0 K 

and a threshold energy of 1.1 eV. This 
threshold energy coincides with the 
energy band gap for silicon. For com­
parison, the limiting efficiency for a gal­
lium arsenide device is 41 percent and 
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for a cadmium sulfide device is 22 per­
cent at this same temperature. 

Ps the operating temperature of a 
threshold device increases, its limiting 
solar conversion efficiency decreases. 
The curves indicate that the highest 
solar conversion efficiencies will be for 
devices with threshold energies be­
tween 0.75 and 1.5 eV for all tempera­
tures. Limiting efficiencies decrease 
rapidly for threshold energies greater 
than 1.5 eVor less than 0.75 eVfor prac­
tical operating temperatures. 

Although the efficiency curves refer 
specifically to the conversion of solar 
radiation, they can also be used to find 

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

Large Electrochemical 
Storage Systems 

Batteries are evaluated 
that can deliver megawatts 
for hours. 

A study released in 1979 assesses 
the status of electrochemical energy 
storage for powerplants that utilize the 
Sun's heat to drive electric generators. 
Electrochemical energy storage Is also 
applicable to photovoltaic arrays, wind 
turbines, and similar variable and inter­
mittent sources of electricity. 

Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public . For information on program 
price, size , and availability , circle 
the reference letter on the COSMIC 
Request Card in this issue . 
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the limits to the conversion efficiency for 
threshold devices and radiation from a 
blackbody at any temperature with a 
simple modification. In addition, they 
can be used to find the maximum con­
version efficiency for devices that have 
both a threshold and a cutoff energy 
(Le., an absorption band.) 

The analysis gives the limits to the 
conversion efficiency of any threshold 
device, given only its temperature and 
threshold energy and the temperature of 
the blackbody radiator. It does not in­
clude any specific device character­
istics. The inclusion of specific charac­
teristics will result in conversion efficien­
cies less than the limits indicated. 

The study considered the stage of 
development, cost, and performance of 
existing storage systems and projected 
their cost, performance, and availabili­
ty as advanced systems. It addressed 
three broad areas: 
-The electrochemical, or battery, com­
ponent of the storage system; 

-The remaining parts of the storage 
system, including inverter or con­
verter; and 

-The overall solar-thermal plant. 
The study produced a tabulation of 

the costs of delivered energy from com­
plete plants with 16 different advanced 
electrochemical systems, ranking the 
systems In order of economic attrac­
tiveness. Manufacturers and devel­
opers were consulted during the 
assessment. 

A major conclusion was that the 
familiar leadlacid battery is the only ex­
isting cell that can meet the needs for 
near-term demonstration programs. 
Leadlacid batteries are expensive, 

Estimating Insolation 
Incident on Tilted 
Surfaces 

Solar radiation on several 
types of solar collectors is 
calculated from ASH RAE 
relationships. 

In designing or analyzing a solar­
energy system, the principal question is 
how much energy the system can 

This work was done by C. E. Byvik of 
Langley Research Center and A M. 
Buoncristiani and B. T. Smith of 
Christopher Newport College. Further 
information, may be found in: 

NASA TM-83230 [N82-186961NSP], 
"The Ultimate Efficiency of Photosen­
sitive Systems" [$6.], and 
NASA TM-83228 [N82-186971NSPl 
"Thermodynamic Umits to the Effi­
ciency of Solar Energy Conversion by 
Quantum Devices" [$6]. 

Copies of these reports may be pur­
chased [prepayment required] from the 
National Technical Information Service, 
Springfield, Virginia 22161. 
LAR-12948 

however, costing from $170 to $220 
(1979 dollars) per kilowatt hour. These 
values apply to batteries that can 
operate for 2,000 cycles at 80 percent 
depth of discharge and efficiency of 70 
to 85 percent. Between 1985 and 1990, 
lower cost batteries are expected to 
become commercially available. 

Inverter and converter equipment 
was found to consltute a sizable part of 
system cost exclusive of cell cost. In­
verterlconverter costs are lower for 
higher bus voltages. 

This work was done by Stanley 
Krauthamer and Harvey A. Frank of 
Caltech for NASA's Jet Propulsion 
Laboratory. Further information may 
be found in JPL Publication 79-95, Revi­
sion 1, [N80-29858INSP], "Electro­
chemical Energy Storage Systems for 
Solar Thermal Applications" [$12]. A 
copy may be purchased [prepayment 
required] from the National Technical 
Information Service, Springfield, Vir­
ginia 22161. 
NPO-15185 

deliver to meet load demands. One of 
the main parameters determining the 
amount of energy the system delivers is 
the amount of solar energy available 
(energy incident on the surface of the 
collector array) to the system. The 
ASHMET computer program estimates 
the amount of solar insolation incident 
on the surfaces of several types of solar 
collectors, including fixed-position flat­
plate, monthly-tilt-adjusted fiat-plate, 
beam-tracking, and fixed-azimuth­
tracker. 

(continued on next page) 
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The basic methodology employed in 
ASHMET is to use ASH RAE relationships 
to obtain the clear-day total daily insola­
tion incident on the collector surface for 
a representative day of each month of 
the year. The clear-day total daily insola­
tion is then multiplied by a clearness in­
dex to obtain the typical or average daily 
insolation. Climatological data for deter­
mining this clearness index for 248 U.S. 
cities are included with the ASHMET 
program. The breakout of direct and dif­
fuse insolation may be selected as either 
the ASHRAE relationships or the cor­
relation of Liu and Jordan. 
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ASHMET is an interactive program 
and prompts the user for all required 
data. These data include the latitude of 
the desired location, the collector slope 
measured from the horizontal , the 
azimuth of the collector surface, the 
type of collector, the ground reflectance 
(if desired), and the city to be used for 
cloud-cover calculations. Output con­
sists of an echo of the input data, the 
hourly clear-day incident insolation, the 
total c\ear-day insolation, and the typical 
daily insolation for each month. Also out­
put are the maximum yearly insolation 
and the probable yearly insolation. 

The ASHMET program is written in 
FORTRAN IV-Plus for interactive execu­
tion and has been implemented on a 
DEC PDP-11/70 computer with a central 
memory requirement of approximately 
48K of 16-bit words. ASHMET was 
developed in 1980. 

This program was written by Robert E. 
Elkin and Ronald G. Toelle of Marshall 
Space Flight Center. For further infor­
mation, Circle A on the COSMIC Re­
quest Card. 
MFS-25501 
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Efficient Silicon Reactor 
Narrow temperature excursions and large surface area 
minimize heat expenditure and processing time. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

High-purity silicon can be efficiently 
produced and transferred by a con­
tinuous two-cycle reactor. The new 
reactor operates in a relatively-narrow 
temperature range, 1,200 0 to 1,450 0 C, 
and uses a large surface area to mini­
mize heat expenditure and processing 
time in producing silicon by the 
hydrogen reduction of trichlorosilane. 
Conventional methods of silicon produc­
tion, by the hydrogen reduction of 
trichlorosilane, produce solid silicon 
units and require shutdown, setup, and 
startup between each production run, 
which requires a much greater heat ex­
penditure. 

The new quartz reactor produces 
silicon and depoSits it at 1,200 0 C, melts 
and feeds the silicon to a melt crucible 
or crystal puller, and then seals the feed 
tube at 1,200 0 C to begin another cycle 
of silicon production. The large internal 
surface area is created by inserting ver­
tical baffles (see figure). The baffles 
create gas turbulence, which aids in 
mixing the reactants, and provide heat­
transfer area that speeds the reaction. 
Heat loss from the reactor is minimized 
by covering the heating elements that 
surround the reactor with adequate 
insulation. 

The two cycles of the reactor consist 
of silicon production and removal. Initial­
ly, the reactor is brought up to the reac­
tion temperature under an inert-gas 
flow. A small amount of silicon is then 
melted in the U-tube below the reactor 
vessel to form a positive seal, and the 
U-tube temperature is dropped to about 
1 ,200 0 C to seal itself; the tube has its 
own separate heating element and in­
sulation and a vent that prevents com­
plete drainage of its lower section. With 
the tube sealed, the reactant-gas flow 
begins and continues until the desired 
amount of silicon is deposited. 

At that point the reactant gases are 
flushed out of the reactor with argon to 
begin the silicon-removal cycle. Keeping 
the U-tube at 1,200 0 C, the reactor is 
raised to about 1 ,450 0 C to melt the 
deposited silicon, and the gas pressure 
between the reactor and delivery tube is 
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The Reactor Walls and Baffles combine to create a large surface area onto which silicon 
can deposit. In the two cycles of the reactor, silicon Is first deposited and then removed. 
Details of the delivery tube that transfers the silicon from the reactor to a crucible appear 
In the article that foliows this one. 

equalized. Next, the temperature of the 
U-tube and delivery tube is raised to 
about 1,415 0 C, causing the silicon to 
drain, under gravity, from the reactor. 
When drained, the reactor is rettlrned to 
reaction temperature, and the U-tube 
and delivery tube are returned to 
1,200 0 C. Finally, the reactant gases 
are readmitted to the reactor to start 
another silicon-production cycle. 

To prevent the reaction vessel from 
sagging when the silicon melts from it, a 

pressure equalizer maintains a slight 
positive pressure inside the vessel. The 
same pressure equalizer also prevents 
any larger pressure buildup that would 
rupture the vessel. 

This work .was done by Herbert E. 
Bates, David M. Hill, and David N. 
Jewett of Energy Materials Corp. for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 18 on 
the TSP Request Card. 
NPO-15636 
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Silicon-Delivery Tube 

Heated quartz tube transfers molten silicon. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A delivery tube transfers molten 
silicon between high-temperature ves­
sels. The transport tube is sealed to the 
delivery vessel and receiving vessel 
and is slanted so that gravity moves the 
molten silicon. 

The delivery vessel could be the out­
put end of a growth reactor, in which 
pure silicon is produced by the reduc­
tion of trichlorosilane at 1 ,200 0 C. The 
receiving vessel couid be a crystal­
growing crucible. 

The only part of the delivery tube to 
contact the molten silicon is the quartz 
inner tube (see figure). A heated quartz 
drop tube feeds it from the delivery ves­
sel. Contamination is prevented since 
the moiten silicon only contacts quartz. 

The quartz tube is surrounded by 
layers that heat, support, insulate, and 
isolate it. The inner tube is kept hot by a 
reSistively-heated graphite rod below it. 
The heater prevents the molten silicon 
from solidifying and interrupting trans­
fer. A graphite casing supports the tube 
and completes the heating circuit. The 
graphite rod, quartz tube, and graphite 
casing are wrapped in quartz tape for 
isolation from the graphite-felt insula­
tion surrounding them. 

The Quartz Dellv.ry Tube transports the molten silicon and Isolates It from potential 
contaminants. The tube Is sealed to the bottom of the delivery vessel by a flange and to 
the receiving vessel by a gasket. 

The insulation is encased in a water­
cooled steel jacket. The insulation 

distributes the heat uniformly over the 
tube. Strategically placed thermo­
couples monitor the temperature. The 
tube is flanged to the bottom of the 
delivery vessel and gasketed into the 
receiving vessel. 

A Milder Solution for Stress-Corrosion Tests 

Excessive pitting is eliminated. 

Marshall Space Flight Center, Alabama 

A solution of 2.86 percent NaCI and 
0.52 percent MgCI2 in H20 is suitable 
for stress-corrosion testing of aluminum 
alloys. It gives test results similar to 
those obtained with synthetic seawater, 
but is less expensive to prepare. 

In a stress-corrosion-cracking (sec) 
test, the alloy sample is strained in a 
coated aluminum stressing jig, then 
alternately immersed in the corrosive 
solution until failure or until the end of 
the test period (typically, 3 months). The 
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test solution should be just corrosive 
enough to enable discrimination among 
metals of low, intermediate, and high 
sec resistance. 

If the solution causes extensive pit­
ting, it is too corrosive for sensitive 
testing: The tensile stresses at the 
apexes of the pits are difficult or impossi­
ble to calculate, and the net section 
stress is greater than the original appiied 
stress. As a result, the sec effects are 
masked by pitting effects. 

This work was done by Herbert E. 
Bates, David M. Hill, and David M. 
Jewett of Energy Materials Corp. for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 19 on 
the TSP Request card. 
NPO-15637 

In the search for a mild corrosive, 14 
different salt solutions were screened in 
alternate-immersion tests on 3 alumi­
num alloys. The most-widely-used solu­
tion of 3.5 percent NaCI in H20 was too 
corrosive when prepared with pure salt 
and pure water. The best results were 
obtained with the NaCI/MgCI2 solution 
and with the synthetic seawater (which 
contains nearly the same proportions of 
NaCI and MgCI2 along with precise, 
minute amounts of eight other salts). 
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Material SIr8 .. NeCIIIIgCIz s,mtIeIIc ........ 
Seawater 

Alloy 
Raw 

MPa kpsl RatIo··· o.y.toF .... RatIo··· Form" .,.,.toF ...... ..-... o.,a ........ 

2024-T4 Plate 140 20 515 2.2.5, 5, 8 515 2(4~ 5 

2024-T8 Plate 310 45 014 315 38' , 38' , 34' :J/3 47,48,81 

7075-T851 Plate 205 30 515 2(4), 12 515 2. 2. 5, 15', 20' 

7075-T851 Bar 275 40 415 12' , 28' , 33' , 43' 415 12. 15' , 15' , 40' 515 2(41,15 

7075-T7851 Plate 240 35 315 2.5,8 415 5, 7, 15' , 15' 415 2.2,5,5 

• Failed at edge or under coating 

• 'Machined to round tensile specimens that were exposed by alternate Immersion to the Indicated solutions until failure or a maximum of 90 days 
'. '(Number of specimens that falled)l(Number of specimens tested) 

Stress·Corroslon-Cracklng Tests were performed on aluminum alloys to assess the NaCIIMgCI2 and synthetic-seawater solutions. The 
highly corrosive saltwater was included for comparison. 

The table summarizes sec tests per­
formed with the NaCIIMgCI2, 
"seawater," and saltwater solutions. 
The results with the first two solutions 
are generally consistent with the 
previously-known corrosion resistances 
of the alloys. Because the NaCIIMgCI2 
solution is less expensive than the ar-

tificial seawater, it will probably be 
preferred for future sec testing. 

This work was done by T. S. 
Humphries and J. E. Coston of Marshall 
Space Flight Center. Further informa­
tion may be found in NASA TM-82452 
[N82-132161NSpt "An Improved Stress 
Corrosion Test Medium for Aluminum 

Alloys" [$6]. A paper copy may be pur­
chased fprepayment requiredJ from the 
National Technical Information Service, 
Springfield, Virginia 22161. The report is 
also available on microfiche at no 
charge. To obtain a microfiche copy, Cir­
cle 20 on the TSP Request card. 
MFS-25792 

Heated Aluminum Tanks Resist Corrosion 
Keeping a tank warm prevents moisture 
from condensing on it. 

Marshall Space Flight Center, Alabama 

The simple expedient of heating 
foam-insulated aluminum alloy tanks 
prevents them from being corroded by 
salt-laden moisture. A relatively·small 
temperature difference between such a 
tank and the surrounding air will ensure 
that the life of the tank is extended by 
many years. 

Aluminum is corrosion-resistant in air 
containing water vapor alone because 
of the protective oxide film that forms on 
its surface. However, the aluminum can 
corrode near seawater. The salt in the 
air breaks down the protective film and 
causes pitting. 

Water vapor penetrates the foam in­
sulation from its warm exterior surface 
to the cool surface of the aluminum 
tanks. The vapor from seawater, con­
densing on the cool tank, thus initiates 
corrosion. However, heating the interior 
of the tank to a temperature above that 
of the ambient air reverses the vapor­
permeation trend and prevents mOisture 
from condensing on the aluminum. 

(continued on next page) 
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The PIHed Aluminum Specimen at the left was not heated above the ambient temperature 
in the salt-spray chamber. The completely uncorroded specimen at right was heated to 
112 0 F (44 0 C) by a small light bulb in a box behind the specimen. 
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Corrosion tests were conducted on 
foamed aluminum panels in a 5-percent­
salt fog. One panel was heated from the 
back to a temperature 18 0 F (10 0 C) 
above the 94 0 F (34 0 C) air temperature 
in the test chamber. After 11 days ex­
posure, the panels were removed from 
the test chamber, and the foam was 
stripped from them. The heated panel 
showed no corrosion, but the unheated 
panel was pitted (see figure). Interesting­
ly, the foam was much more easily re­
moved from the unheated panel. Appar­
ently moisture not only corrodes the alu­
minum but also decreases the adhesion 
of the foam. 

The 18 0 F temperature difference on 
the heated panel was selected arbitrari­
ly. The corrosion of aluminum tanks oc­
curs most rapidly when the outside 
temperature and humidity are both high 
[on a warm day, the outside of the foam 
can reach 114 0 F (46 0 C) while the 
aluminum is 8 OF (4 0 C) less]. On cool 
days or on days when the humidity is 
low, water-vapor permeation is negligi· 
ble. Thus, the heating of tank interiors 
would not be required at all times; it 
would be needed more in the warm and 
humid summer months than in the 
cooler and dryer months. 

Further study is needed to determine 
precisely the minimum temperature dif­
ference that will prevent corrosion 
under various atmospheric conditions. 
Further study will also determine the 
types of heaters, heating capacity, and 
heat circulation necessary to maintain 
tank inter iors at the requisite 
temperature. 

This work was done by Lyle E. 
Johnson of Martin Marietta Corp. for 
Marshall Space Flight Center. For fur­
ther information, Circle 21 on the TSP 
Request Gard. 
MFS-2S780 

Vacuum Ampoule Isolates Corrosive Materials 
A quartz vacuum container assures reliable 
thermophysical measurements of molten materials. 

Langley Research Center, Hampton, Virginia 

A quartz vacuum ampoule provides a 
measurement window and sample con­
tainment isolation for determining the 
thermophysical properties of semicon­
ductor materials in a molten state. The 
quartz ampoule permits reliable meas­
urement of the melt properties of a ma­
terial such as lead/tin/telluride (PbSnTe). 
Confinement of the sample in a vacuum 
prevents contamination of the measure­
ment system by hot corrosive vapors 
and any interference by preferential 
evaporation of the melt. 

The sample is contained in a quartz 
tube between two quartz plugs polished 
on both ends. One plug is inserted Into 
the quartz tube and sealed with a 
torch (the bottom plug in the figure). 
After this seal cools, a PbSnTe wafer 
with parallel faces and known thickness 
is placed in the tube. The PbSnTe wafer 
is sized to allow for thermal expansion 
and an expansion in volume when the 
phase change occurs at the melting 
temperature. 
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A Quartz Vacuum Ampoule confines a 
corrosive sample wafer between two 
quartz plugs Inserted In a quartz tUbe. One 
quartz plug Is a window for measuring 
sample thermodynamic properties while a 
laser pulse entering the other quartz plug 
heats the sample to a molten state. 

The tube is then mounted on a special 
attachment to the vacuum system, and 
the second (top) quartz plug is inserted 
flush with the top of the PbSnTe wafer. A 
vacuum seal is made between the top 
quartz plug and the tube. 

Thermal dlffusivity measurements 
are made using the laser flash technique 
with one of the polished quartz plugs 
serving as the window to the sample. In 
addition to its use with PbSnTe, this tech­
nique could be applied to other semicon­
ductor materials, such as germanium 
and mercury/cadmium/telluride. 

This work was done by Roger K. 
Crouch and William J. Debnam of 
Langley Research Center and Ray 
Taylor of CINDAS. For further informa­
tion, Circle 22 on the TSP ' Request 
Gard. 

This invention is owned by NASA. and 
a patent application has been filed. /n­
quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counse/, Langley Research 
Center [see page AS]. Refer to 
LAR-12898. 
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A Solvent-Resistant, Thermoplastic Poly(lmidesulfone) 
Polymer incorporates the desirable properties 
of polyimides and polysulfones. 

Langley Research Center, Hampton, Virginia 

A process for preparing a thermo­
plastic poly(imidesulfone) results in a 
material that has the excellent thermo­
plastic properties generally associated 
with polysulfones and the excellent sol­
vent resistance generally associated 
with polyimides. The new thermoplastic, 
solvent-resistant polymer can be used 
as a molding resin, as an adhesive, and 
as a matrix resin for fiber-reinforced 
composites. The process for thermo­
plastically forming this resin can be used 
to produce moldings, adhesive bonds, 
and fiber-reinforced composites. 

The Solvent·Rnlstant Thennopla.tlc PoIy(lmldesulfone) has the structure shown here. 
The parameter '1 represents several hundred repeated units. 

Aromatic polysulfones, a class of 
thermoplastic polymers, are soluble In 
such solvents as chloroform, methylene 
chloride, cyclohexanone, cresol , and hy­
draulic fluids. Since components fabrI­
cated from these polysulfones are sus­
ceptible to damage by these solvents, 
this polymer system cannot be used in 
many applications where the solvents 
are present. Aromatic polyimides, on the 
other hand, are a class of polymers that 
are exceptionally resistant to solvents 
but that are generally considered not 
readily processable by thermoplastic 
techniques. Both polymer systems have 
good thermal stabilities. 

The desired poly(imidesulfone) Is ob­
tained through the incorporation of an 
aromatic sulfone moiety In the back­
bone of an aromatic linear polylmlde to 
yield an aromatic poly(imldesulfone) 
prepared In bis(2-methoxyethyl) ether 
solvent. This polymer system results in a 
thermoplastic with better processability 

than the base polyimlde. Conversely, the 
incorporation of an Imide segment Into 
the base polysulfone results in a solvent­
resistant polymer that was previously 
soluble In common solvents. The struc­
ture of the polymer is shown in the 
figure. In the structure shown, it is the 
3,3'-disubstltuted diphenylsulfone seg­
ment of the polymer that causes it to be 
thermoplastic. 

Thin films of the poly(imidesulfone) 
placed in various solvents were not af­
fected. After removal from the solvents, 
the films had the same softening tem­
peratures as before exposure. Even 
slight solvation of the polymer would 
cause a considerable lowering of the 
softening temperature. 

Adhesive lap-shear samples prepared 
with the poly(lmidesulfone) had excep­
tionally high strengths when tested at 
ambient temperature, at 177° C, and at 
232° C, both before and after aging for 
1,000 hours at 232 0 C in a flowing-air 
oven. Unfilled moldings prepared from 
the poly(imidesulfone) were clear and 
had properties that are reasonable for a 

High-Performance Matrix Resins 
Modified PMR polyimides have better processability 
and thermo-oxidative stability. 

Lewis Research Center, Cleveland, Ohio 

State-of·the·art PMR polyimides (in 
situ polymerization of monomer reac· 
tants) provide good strength and light 
weight in a wide variety of critical 
applications. However, improved proc­
essabi li ty and elevated-temperature 
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thermo-oxidative stability are desired in 
such polyimide systems. A series of im­
proved polymer resins was developed at 
Lewis Research Center. These high­
performance matrix reSins, intended for 
use in advanced composites, adhesives, 

linear thermoplastic. Graphite-fiber-rein· 
forced moldings (composites) were suc­
cessfully prepared using unidirectional 
high-tensile-strength fibers in the resin. 

This poly(imidesulfone) can be thermo­
plastically processed in the 250°-to-
350° C range to yield high-quality tough 
moldings, strong hlgh-temperature­
resistant adhesive bonds, and well­
formed structural composites. The 
poly(lmldesulfone) should be an excellent 
candidate for further development as a 
high-temperature adhesive and molding 
compound for aerospace applications. 

This work was done by Terry L. St. 
Clair of Langley Re .. arch Center and 
David Yamaki of the Massachusetts In· 
stitute of Technology. For further Infor­
mation, Circle 23 on the TSP Request 
card. 

This Invention Is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counsel, Langley Research 
Center [see page AS]. Refer to 
LAR-12858. 

and neat resin articles, show im­
provements in both processability and 
elevated-temperature stability over the 
state-of-the-art PMR-15 polymers. 

(continued on next page) 
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Highly-Cross-Linked Polylmldes are formed at 600° F (315° C) from the in situ thermopolymerizatlon of the four monomer reactants_ 
A variety of PMR compositions can be formed by adding 4 to 20 mole percent PN to the standard PMR-15 composition_ 

The improved modification of the 
PMR-15 system results from the addition 
of N-phenylnadimide (PN) to the basic 
three-monomer reactant system_ The 
basic three monomers are monomethyl 
ester of 5-norbornene-2, 3-dicarboxylic 
acid (N E), dimethyl ester of 3,3 ', 
4,4' -benzophenonetetracarboxylic acid 
(BTDE), and 4,4 ' -methylenedianiline 
(MDA) and are present in their standard 
concentrations. A varity of modified­
PMR compositions are formulated by 
adding 4 to 20 mole percent PN to the 
standard PMR-15 composition . As 
shown in the figure, highly-cross-linked 
polyimides are formed at 600 0 F 
(315 0 C) from in situ thermopolymeriza­
tion of the four monomer reactants. 

A 50 weight percent solid solution is 
prepared by dissolving the four mono­
mer reactants of known composition in 
anhydrous methanol at room tempera­
ture. The solution is applied to fibers, 
fabrics, or chopped fibers and then 
molded into composite articles by curing 
at 600 0 F (315 0 C) and 500 psi 
(3.45 x 106 N/m2) pressure for 1 to 2 
hours. It can also be applied to surfaces 
of adherents for bonding composites, 
metals, or other materials. The solvent­
less powders can be molded into neat 
resin objects having various shapes and 
forms. 

Of the five modified polymers eval­
uated, PMR-P1 and PMR-P2, which con­
tain 4 and 9 mole percent PN, respec­
tively, are unique in that they exhibited 
simultaneously-improved resin-flow pro-

perties and thermo-oxidative stability 
over PMR-15. These materials are low­
cost, similar to PMR-15, while having 
superior processing and elevated-tem­
perature performance compared to 
PMR-15. 

This work was done by Ruth H. Pater 
of Lewis Research Center_ Further in­
formation may be found in NASA 
TM-82733 [N82-11117INSP], "Novellm­
proved PMR Polyimides"[$6.00]. A copy 
may be purchased [prepayment re­
quired] from the National Technical In­
formation Service, Springfield, - Virginia 
22161. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center [see page AS]. 
Refer to LEW13864. 

Thermal-Gradient Fining of Glass 
Temperature gradients may drive off bubbles 
in a gravity-free environment. 

Marshall Space Flight Center, Alabama 

Molten glass could be fined (cleared 
of bubbles) by heating with a suitable 
temperature gradient, according to pre­
liminary experiments. Although thermal­
gradient fining -has been studied by 
NASA as one of several material-proc­
essing methods for use in low-gravity 
manufacturing, the technique could also 
be of value in terrestrial glass 
processing. 

A temperature gradient produces a 
force on gas bubbles trapped in molten 
glass pushing the bubbles to a higher 
temperature region where they can be 
collected. The concept has been dem­
onstrated in experiments on Earth and 
on a rocket. 
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THERMOCOUPLES 

THERMOCOUPLE 

A Sample of Sodium Borate Glass is encapsulated by fused silica and a strip heater. The 
sample channel dimensions are 0.5 by 1 by 10 mm. 

In a NASA experiment, a glass sample rhodium strip heater, and thermo-
was packaged in a test cell consisting couples (see figure). Housed in an 
of a silica glass capsule, a platinuml automatic test payload, the cell was 
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launched on a Spar rocket, and the sam­
ple was heated during the 4 minutes of 
zero gravity before the payload returned 
to Earth. The sample was a sodium bo­
rate glass, which has a negative tem· 
perature coefficient of surface tension. 

During the zero-gravity period, a 
camera in the payload took 246 photo­
graphs of the molten glass sample at 
1-second intervals. At the same time, 
temperature data from the thermo­
couples embedded in the glass and 

welded to the heating strip were 
telemetered back to Earth. A signal pro­
portional to the current drawn by the 
camera film-advance motor was also 
telemetered as a time indicator for the 
film sequence. 

The photographic record shows that 
many of the bubbles in the glass were 
rapidly swept out by the high tem­
perature gradient as it heated up to 
about 913 0 C. Since there was also a 
strong transverse gradient, bubbles 

migrated not only longitudinally along 
the sample-capsule channel but also 
transversely to the strip heater. Once 
they contact the strip, bubbles move 
slowly if at all. As the experiment pro­
gressed, bubbles that were in cooler 
regions were slowly drawn to the center 
of the channel. 

This work was done by W. R. Wilcox of 
Westinghouse R&D Center for Marshall 
Space Flight Center. For further infor­
mation, Circle 24 on the TSP Request 
card. 
MFS-25757 

Designing Glass Panels for Economy and Reliability 
Method considers such factors as 
glass temper and load duration. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An analytical method determines the 
probabiity of failure of rectangular glass 
plates subjected to uniformly distributed 
loads such as those from wind, Earth­
quake, snow, and deadweight. Although 
developed as an aid in the design of pro­
tective glass covers for solar-cell arrays 
and solar collectors, the method should 
also be useful in estimating the reliability 
of large windows in buildings exposed to 
high winds and can be adapted to non· 
linear stress analysis of simply sup· 
ported plates of any elastic material. 

For economy, glass plates should 
have the minimum thickness consistent 
with a reasonably low risk of failure. In 
the past, the minimum allowable thick­
ness has been determined from design 
curves published by glass manufac-

turers, but such curves have certain 
shortcomings: They are sometimes de­
rived from tests on only a few samples 
and therefore do not have a strong 
statistical base. Usually the curves do 
not take load history into account, even 
though the breaking strength of glass 
depends strongly on load duration. Snow 
and deadweight ordinarily are not impor­
tant in vertical windows; but because 
solar-collector panels are tilted, such 
loads last longer than windloads and 
may cause failure at lower stress. 

The new method allows the designer 
to select the glass thickness that will 
sustain given normal pressure loads at a 
specified failure rate. There are two key 
elements of the method: First, design 
curves were developed that permit the 

Processor Generates and Extracts Silicon 
An impinging jet/funnel system separates the silicon and salt 
formed in the reduction of silicon tetrachloride by sodium. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A processor now under development 
would continuously generate pure sili­
con and separate it from reaction by­
products. In a laboratory prototype, the 
reduction of silicon tetrachloride by 
sodium is the key reaction and the by­
product is NaCI, although other silicon 
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halides could probably be substituted for 
the tetrachloride. 

In the processor (see figure), vapors 
or fine liquid sprays of sodium and sili­
con tetrachloride react to form gaseous 
NaCI and liquid droplets of silicon. To 
prevent condensation of the salt vapor 

user to estimate the stress in the glass 
caused by the given applied loads. 
Second: statistical analysis was used to 
produce curves that give the breaking 
strength of the glass as a function of 
failure rate, glass temper, load duration, 
and panel area. A satisfactory design is 
attained when the estimated applied 
stress is slightly less than the estimated 
breaking strength corresponding to the 
accceptable failure rate. 

This work was done by Donald M. 
Moore of caltech for NASA's Jet Pro· 
pulsion Laboratory. For further infor­
mation, Circle 25 on the TSP Request 
card. 
NPO·15252 

or solidification of the silicon, the reactor 
temperature is held above 1,4150 C, 
50 C above the melting point of silicon. 
The reactor pressure is about 0.25 atm 
(2.5x104 N/m2). 

The products exit through an orifice at 
the bottom of the reactor into a volume 

(continued on next page) 
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kept at less than half the reactor pres­
sure. The pressure difference creates a 
jet of gaseous NaCI that carries the 
silicon droplets. 

A separator/collector surface, placed 
across the jet in the low-pressure 
region, intercepts the impinging jet. The 
silicon hits the surface, which is held 
near 1 ,412 0 C, and collects on it. The salt 
flows away to cooler surfaces in regions 
of even lower pressures. These cooler 
surfaces rapidly condense the salt vapor, 
eliminating the need for vacuum pumps. 

The separator/collector surface is a 
pedestal in the center of a crucible. The 
silicon, .separated from the salt, flows 
down the funnel-shaped walls of the 
separator/collector into a much larger 
collector, where it rapidly solidifies. The 
collector is isolated from the reactor and 
separator in the process vessel by a 
vacuum lock. The filled collector is 
periodically removed and replaced by 
an empty one. 

CRUCIBLE 

PROCESS 
VESSEL 

...... ' .400· C 

S, SEPARATOR! 
:-'-..l---' COLLECTOR 

-;:::::='---!-- O.02 aim 

1.000' C 

NaCI CONOENSER 

SILICON NaCI 
COLLECTOR COLLECTOR 

The Silicon Separator/Collector intercepts an impinging jet of reaction products and 
selectively funnels the silicon into a larger collector. The salt byproduct is removed by a 
tubular condenser, which is held at 1,000· C, and then flows into a collector, where it 
solidifies. Vacuum locks permit periodic salt removal without disturbing continuous 
operation. 

This work was done by Robert K. 
Gou/d and Char/es R. Dickson of Aero­
Chem Research Laboratories, /nc., for 
NASA's Jet Propulsion Laboratory. 

For further information, Circle 26 on 
the TSP Request Card. 
NPO-15582 

Sodium Spray Would Speed SIlicon Production 
The production rate of solar-grade silicon in a sodium/silicon 
tetrafluoride reactor would be increased by a spray feed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Liquid sodium would be sprayed into a 
sodium/silicon tetrafluoride reactor ac­
cording to a new proposal for increasing 
the production rate of solar-grade 
silicon. The large surface-to-volume 
ratio of the sprayed sodium droplets 
would make the reaction proceed faster 
than If the liquid sodium was poured Into 
the reactor. 

In the proposal , the liquid sodium at 
about 100 0 C is sprayed (see figure) into 
the silicon tetrafluoride gas and reacts 
with it only at the bottom of the reactor, 
where the temperature is 400 0 to 
900 0 C. The rest of the reactor tem­
perature is low .enough to avoid exces­
sively vaporizing the sodium, so that the 
reaction products form only on the reac­
tor bottom. Also, to insure that the 
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The Llquld-sodlum Droplet SIze Is con­
trolled by the pressure of argon gas and 
by the nozzle design. The baffle helps to 
prevent the reactor opening from becom­
ing clogged by reaction products. 

sodium spray does not clog the reactor, 
by hitting the walls, the angle of the 
spray cone is sufficiently narrow, and a 
baffle is installed. 

When the reactor is full , the sodium 
and silicon tetrafluoride flows stop. The 
silicon and sodium fluoride products in 
the reactor are then separated. 

This method could be applied to 
similar processes where electropositive 
metals reduce halides. Halides that can 
be reduced this way Include TICI4, ZrF 4, 
and HfF 4; and the metals used include 
sodium, magnesium, and zirconium. 

This work was done by K. M. Sancier 
of SR/lnternational for NASA's Jet Pro­
pulsion Laboratory. For further infor­
mation, Clrc/e 27 on the TSP Request 
Card. 
NPO-15246 
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Two-Temperature-Zone Silicon Reactor 
Temperature profile confines SiF4 reduction 
by sodium to the reactor bottom. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

When high purity silicon is synthe­
sized by the reduction of silicon 
tetrafluoride by sodium, a very-fast 
highly exothermic reaction takes place. 
A controlled reaction has been pro­
posed in which a SiF4-pressurized ver­
tical reactor operates with two tem­
perature zones (see figure). The lower 
part of the reactor is kept at a tem­
perature higher than 300 0 C, and the 
upper part is kept at 11 0 0 C. Uquid 
sodium feeds from a nozzle at the top 
of the reactor without reacting with 
the SiF4. When the sodium reaches 
the higher temperature region at the 
bottom, the reaction takes place 
immediately. 

Some of the advantages that this 
technique has over previous batch 
techniques are: 
-A constant pressure can be used, 
simplifying the SiF4 feeding system; 

-The temperature of the reaction can 
be controlled easily by changing the 

Sm.II Droplets of Sodium sprayed from a 
nozzle flatten and react when they hit the 
bottom of a reactor. This technique 
creates a large reaction area over a nar­
row depth. 

Casting Silicon Pellets From Powder 
Fine silicon powder melts in a thin quartz 
bubble that breaks upon cooling. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A new technique converts finely 
powdered silicon into solid pellets. The 
pellets are used in spark-source mass­
spectroscopic anaiysis of the silicon 
and in electrical·resistlvity measure­
ments for detecting low-level con· 
taminants. 

Powdered silicon is produced when 
silane is cracked in a free-space reac· 
tor. It must be converted to pellet form 
to perform the impurity testing. 
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A previous method for casting the 
powder using silica containers some­
times caused the solid pellets to crack 
because of the difference In thermal ex­
pansion between the melt and the 
mold. The new technique uses a thln­
walled quartz mold. Although the quartz 
fractures on cooling, the solid silicon 
remains crack·free. 

The pellets are fabricated in a thin­
walled bubble blown In the end of a 
quartz tube. In a test, the tube was 

feeding rate of Na and the pressure of 
SiF4. resulting in more-homogeneous 
reaction products; 

-The efficiency of material consump­
tion is almost 100 percent; 

-The Impurity pickup from the reactor 
walls Is minimized; and 

- The reaction products only contact 
the reactor walls at the base, making 
it easier to remove them from the 
reactor. 
Reaction parameters for a two­

temperature-zone reactor have yet to 
be worked out. These parameters in­
clude the size of the sodium droplets, 
the rate of sodium delivery, and the 
reactor temperature. 

This work was done by Angel 
Sanjurlo, Leonard Nanls, Vljay K. Kapur, 
and Robert D. Weaver of SRI Interna­
tional for NASA', Jet Propul'lon 
Laboratory. For further information, 
Circle 28 on the TSP Request Card. 
NPO-15368 

24 mm in diameter, and the bubble wall 
was about 0.1 mm in thickness. With sili­
con powder packed into the bubble, the 
tube Is heated in a vacuum furnace. 
Upon cooling, the bubble shatters, leav­
ing behind a crack-free pellet of silicon. 

This work was done by Ernest G. 
Farrier and Joachim Rexer of Union Car­
bIde Corp. for NASA', Jet Propul.lon 
Laboratory. For further Information, 
Circle 29 on the TSP ReQuest Card. 
NPO-15272 
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Short Shot Tower for Silicon 
Passage through a cold liquid reduces 
the drop length for shot formation. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The drop length necessary to convert 
molten silicon to shot is expected to be 
reduced by a proposed new process. In 
addition to falling through a gas, the 
droplets of molten silicon fall through a 
cold liquid. Both the heat-transfer coeffi­
cient and the temperature difference 
between the hot silicon and the cold sur­
rounding liquid are greater than they 
would be for a gas. Therefore the heat of 
the silicon droplets is transferred more 
quickly, and they become hard spheres 
within a shorter drop distance. 

The conversion of silicon from pow­
der or chunks to shot often simplifies 
processing. Shot is more easily handled 
in most processing equipment - in fur­
naces, for example. 

The silicon droplets are ejected from 
a nozzle into gaseous argon, through 
which they fall into liquid methanol (see 
figure). In the methanol, the silicon cools 
and solidifies, falling as shot to the bot­
tom of the tower, where it can be col­
lected. The methanol liquid collected 
with the shot is recycled. 

The argon flowing above the liquid 
methanol prevents methanol vapor from 
entering the upper part of the tower and 
the nozzle. What methanol vapor does 
arise is carried off through the argon 
vent pipe and recycled. 

This work was done by Herbert E. 
Bates, David M. Hill, and David N. 
Jewett of Energy Materials Corp. for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 30 on 
the TSP Request Card. 
NPO-15607 
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Drops of Liquid Silicon fall through a protective cloud of argon, then through a rapidly 
cooling bath of methanol, where they quickly turn into solid shot. 
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Estimating the Degree of Cross-Linking in Rubber 
A new analysis of both the extension and 
retraction may give better estimates. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The degree of cross-linking or net­
work chain concentration of rubber is 
estimated with the aid of a new method. 
The quantity is needed in studies of the 
mechanical behavior of rubber. The new 
method is based on the finding that rub­
ber follows different stress/strain rela­
tionships in extension and retraction. 

Previously, chain concentration was 
estimated by measuring the uniaxial 
stress/strain response in extension and 
using the measurements in an equation 
having the chain concentration as one of 
its terms. One deficiency of this method 
is that rubber is basically viscoelastic, 
and therefore equilibrium or time-inde­
pendent data are difficult to obtain. How­
ever, it has recently been found that 
while the stress/strain response in 
extension invariably follows equation (1) 
in the figure, the subsequent stress/ 
strain response in the same specimen in 
retraction almost invariably obeys equa­
tion (2) provided that elongation is not 
close to the elongation at which stress 
was reversed and that the maximum 
elongation is relatively large. 

Tests were performed on ring speci­
mens in a standard stress/strain testing 
machine. When the maximum extension 
was reached, the test machine was 
reversed so that retraction occurred at 
the same constant rate as in extension. 
The strain for both extension and retrac­
tion was calculated on the basis of the 
original dimensions of the specimen -
that is, no account was taken of perma­
nent set, which was quite small. 

The network chain concentration in 
the samples was estimated by this 
method to be 122 x 10-6 mole/cm3, 
which agrees well with the value of 
110 x 10-6 mole/cm3 found by an in­
dependent technique. However, if one 
were to use the data from extension 
alone, the value would be much lower: 
73x10-6 mole/cm3. 

It is suggested that a gum vulcanizate 
is composed of two interdependent net­
works. One network is composed of 
those chains attached at each end to 
chemically cross-linked units and known 
as permanent network chains. The other 
network consists of entangled but not 
cross-linked chains; it is referred to as 
the transient network. 
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When a Rubber Specimen Is stretched to a given extension ratio A and then released, its 
stress-vs.-straln curve follows two paths; one for extension and another for retraction. 

When the combined networks are 
subjected to a load, the permanent 
chains respond almost immediately, but 
the chains in the transient network move 
more slowly from their initial position to a 
final position, which is reached after the 
entanglements have gone through their 
maximum travel. The transient-network 
chains then function as if they formed a 
permanent network and continue to do 
so until the load is reduced to near zero; 
then relatively slow rearrangements oc­
cur, and the entanglements move back 
to a stress-free position. 

For rubber containing a filler material, 
.there is the additional effect of dewetting 
or separation of the rubber from the sur­
face of the filler particles under load. The 
modulus of filled rubber is given by two 
contributions: (1) that from the network 
chain concentration of the rubber itself 

and (2) that from the presence of filler. 
This latter contribution is proportional to 
the fraction of surface area of filler in 
contact with the rubber. The higher the 
elongation, the lower will be the modulus 
because some fraction of the surface 
area of the filler will have separated from 
the rubber. As the load is reduced in the 
retraction portion of the load cycle, 
rewetting does not occur instantly, and 
therefore the response is equivalent to 
that of a sample with a lower filler level. 
When the load is reduced to zero, the 
rubber rewets the particles, and even­
tually the properties of the original 
unstressed sample are restored . 

This work was done by Robert F. 
FOOors of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further infor­
mation, Circle 31 on the TSP Request 
Card. 
NPO-15590 
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Improved Fluidized-Bed Gas Injector 
Annular gas flow would cool 
and protect the injector cone. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A new single-cone gas injector has 
been proposed for fluidized-bed particle­
coating systems (see figure). The injec­
tor would use a protective annular 
stream of high-velocity gas to cool the 
cone and to reduce or eliminate abra­
sion by circulating particles. This 
diluent/fluidization gas would enter at 
several places around the base of the in­
jector cone or through a continuous an­
nulus. It would then flow toward the apex 
of the cone, carrying particles into the 
highly-agitated reaction zone. 

A very highly agitated region is re­
quired to coat particles with such 
materials as silicon or carbon in a 
fluidized-bed system. Simple gas­
injection cones are often abraded by 
particles that strike the base of the cone. 
Simple cones also cause the bed to 
surge or slug, resulting in some stagna­
tion of the bed. 

In the improved injector, the reaction 
gas that decomposes to provide the sili­
con or carbon to coat the particles 
would enter through a tube along the 
axis of the injector cone. For carbon, 
thermally decomposable gases, such as 
methane (CH4) or ethane (~H6), could 
be used. For silicon, silane (SiH4) or 
trichlorosilane (SiHCl3) could be used. 

The reaction gas decomposes as it 
comes in contact with the hot particles. 
If necessary to prevent premature de­
composition, the reaction gas could be 
cooled right up to the moment it enters 
the fluidized bed. 

The seed particles would enter 
through a piston valve at one side of the 
bed and flow quickly down the side, up 
the cone, and into the reaction zone. 
Coated particles would be drawn off 
through a similar valve on the other side. 
Depending on purity requirements, in­
jector components could be con­
structed from such materials as quartz, 
carbon, or metal. 
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The Gas-Injection Cone in a fluidized-bed reactor for coating particles with silicon or car­
bon could be cooled and protected from abrasion by a stream of gas flowing over the sur­
face of the cone. Hot particles entering the reaction zone would be coated with silicon or 
carbon supplied by thermal decomposition of a suitable gas injected into the reaction 
zone. 

This work was done by Richard A. 
Hogle of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further infor­
mation, Circle 32 on the TSP Request 
Card. 
NPO-15572 
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Membranes Remove Metal Ions From Industrial Liquids 
The low-cost membranes are simply suspended in 
metal-ionlliquid solutions to remove impurities. 

Lewis Research Center, Cleveland, Ohio 

Disposing of contaminated liquids is 
an increasing problem in today's in­
dustrial society. Metal cations (positively 
charged atoms) are present as con­
taminants or impurities in many in­
dustrial liquids. Liquids with these im­
purities are either enviromental pol­
lutants or possible sources of recover· 
able materials. In either case it is desir­
able to remove these metal Ions effi­
ciently. Current systems employ cation­
exchange resins as powders, beads, or 
granules for use in metal-removal fil­
tration systems. In terms of energy 
requirements and capital equipment 
costs, however, these systems are not 
optimized since they are expensive and 
not necessarily cost-effective. These 
systems require pumping a liquid 
through a filtration system that is subject 
to both clogging and resin fouling. 

A method has been developed at 
Lewis Research Center that is a major 
improvement in metal-ion removal. It 
eliminates the need for costly pumping 
and filtration equipment in specific appli· 
cations. This technique enables the 
cation-exchange resin to be fabricated 
into a more efficient form, that of a thin 

membrane film of various sizes. Mem­
branes of this type may be simply sus­
pended in metal-ionlliquid solutions to 
remove the impurities. This removal 
system does not require pumping, filtra­
tion eqUipment, or constant movement 
of the solution. The unique quality of 
these membrane films is that they are 
nonfouling and have outstanding high­
absorption capacity. 

The use of these membrane films af­
fords a convenient and economical 
alternative for removing and recovering 
metal cations present in low concentra­
tions from large quantities of liquid solu­
tions. Possible applications of these 
membrane films include use in analyti­
cal chemistry for the determination of 
small amounts of toxic metallic im­
purities in lakes, streams, and municipal 
effluents. It is also possible that this type 
of ion-exchange membrane may be suit­
able for use as an absorber of certain 
pollutant gases and odors present in 
confined areas. 

These membrane films comprise a 
cross-linked copolymer of polyacrylic 
acid (the active ion exchanger) and poly­
vinyl alcohol (the antifouling agent). An 

Viscosity Depressants for Coal Liquefaction 
Certain unsaturated hydrocarbons would prevent 
coal from solidifying during liquefaction. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed process modification 
would Incorporate viscosity depressants 
to prevent coal from solidifying during 
liquefaction. The depressants would 
reduce the amount of heat needed to liq­
uefy coal. 

While the coal is processed, un­
saturated hydrocarbons containing 
eight or more carbon atoms would be 
put into the liquid medium to act as 
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viscosity depressants. Among possible 
depressants are metallic soaps, such as 
lead stearate, and amldes, such as 
stearamlde and dimer acid amldes. 
Other possibilities are such epoxylated 
fatty acids as epoxylated linseed oil, 
epoxylated olive oil, and epoxylated 
linolenic acid, and waxes, such as 
beeswax, carnauba wax, and paraffin 
wax. Any of these compounds would be 

aqueous solution of these constituents 
is cast (poured) onto a smooth surface 
and dried. The dried film is removed and 
formed into any desired shape. It is then 
exposed to ionizing radiation that 
causes copolymerization and cross­
linking. Treatment with aqueous calcium 
hydroxide converts the polyacid and has 
a wide variety of applications. 

This work was done by W. Philipp, L. 
Hsu, and C. May of Lewis Research 
Center. Further information may be 
found in: 

NASA TM-81670 [N81-16123INSP], 
"New Ion Exchange Membranes" 
[$6], and 
NASA TP-1407 [N79-21120INSP], 
"Three Methods for In Situ Crosslink­
ing of Polyvinyl Alcohol Films for 
Application as Ion Conducting Mem­
branes in Potassium Hydroxide Elec­
trolyte" [$12]. 

Copies of these reports may be pur­
chased [prepayment requiredj from the 
National Technical Information Service, 
Springfield, Virginia 22161. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center [see page AS]. 
Refer to LEW-13853. 

satisfactory viscosity depressants for 
coal, but the epoxylated fatty acids are 
preferred when used In an amount of 
less than 0.1 weight peraent, based on 
the amount of coal used. 

This work was done by Sarkis H. 
Kalfayan of caltech for NASA', Jet 
PropuI,lon Laboratory. For further 
Information, Circle 33 on the TSP 
Request card. 
NPO-15174 
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Books and Reports 

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

Development of Silane 
Hydrolysate Binder for 
Thermal·Control Coatings 

Tough coating requires a 
cure temperature of only 
66 0 C. 

A technical report describes the 
theoretical and experimental develop­
ment of a methyltriethoxysilane (MTES) 
hydrolysate binder for white, titanium 
dioxide-pigmented thermal-control coat­
ings such as are often needed on satel­
lites. The new coating is tougher and 
more abrasion-resistant than the con­
ventional coating, S-13G, which com­
prises zinc oxide in a hydroxyl-termi-
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nated dimethylsiloxane binder. For an 
earlier article on methyl trialkoxysilane 
hydrolysates, see " Binders for Thermal­
Control Coatings," in NASA Tech Briefs, 
Vol. 6, NO. 3 (FailIWinter 1981), page 287 
(MF8-25620). 

Ultraviolet absorptance on both the 
old and new coatings held at about 0.2 
during a 930-h exposure in a solar­
radiation simulator. (Longer tests would 
be required to assess any difference 
between the two coatings in ultraviolet 
resistance.) In an outgassing test of the 
new coating run at 10-6 torr and 
temperatures up to 212 0 F (100 0 C), 
weight loss was less than 0.2 percent 
per hour, which is considered accept­
able for coating materials in space. In a 
thermal-cycling test - five cycles, 
-150 0 to 150 0 F (-101 0 to 66 0 C), bend 
tests on cycled samples of the new 
coating showed no significant increase 
in tendency to craze or crack. 

In the optimum formulation, MTES 
monomer is polymerized by hydrolysis 
with water in the mole-equivalent ratio 
10/3.25 (MTESlH20) and mixed with 
Ti02 (previously ball-milled in ethanol) in 
a weight ratio 12126 (Ti02/binder). The 

formulation is then sprayed on an alumi­
num substrate and cured for 24 h at 
75 0 F (24 0 C) followed by 3 days at 
150 0 F. Cured thickness is 2 to 2.5 mils 
(0.05 to 0.06 mm). 

In arriving at this formulation, a series 
of tests was run to determine the param­
eters of pigmentlbinder ratiO, ethanol 
content, pigment particle size, coating 
thickness, and cure conditions. The ef­
fect of elevated temperature on the 
hydrolysis rate was striking and unde­
sirable: At 120 0 F (50 0 C), some gelation 
and precipitation of insoluble polymer 
occurred. 

This work was done by W. J. 
Patterson of Marshall Space Flight 
Center. Further information may be 
found in NASA Technical Paper 1900 
[N81-31365INSP], "Development of a 
Silane-Hydrolysate Binder for UV­
Resistant Thermal Control Coatings" 
[$6]. A paper copy may be purchased 
[prepayment required] from the National 
Technical Information Service, Spring­
field, Virginia 22161. The report is also 
available on microfiche at no charge. To 
obtain a microfiche copy, Circle 34 on 
the TSP Request card. 
MFS-25749 
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Tissue-Culture Method of Cloning Rubber Plants 
By adjusting the culture medium, an excised shoot 
tip can produce up to 50 identical guayule plants. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

The guayule plant, a high·yield rub­
ber plant, can be cloned by a tissue-cul­
ture method to produce multiple new 
plants that mature quickly. With this 
method many clones can be bred from 
a single parent, and each clone can 
then be rooted and transplanted to soil 
where it will grow and mature. The 
method preserves a desired genetic 
identity (genotype), so that the 
clones should produce as prolifically as 
their parents if planted in the same 
environment. 

The guayule plant, Parthenium ar­
gentatum, forms many lateral buds, the 
majority of which can be removed with­
out affecting the growth of the parent 
plant. The small shoot tips, the most re­
generative parts of the plant, are re­
moved by microscalpels and placed on 
slants of sterilized tissue-culture 
medium. The culture medium contains 
water, agar, minerals, sucrose, thiamin 
hydrochloride, and the cytokinin ben­
zylaminopurine (BAP). 

By varying the concentration of the 
cytokinin, a single excised tip can pro­
duce either 1 or several (up to 50) new 
plants. In a medium with a 0.1-mg/l con­
centration of BAP, the tips respond 
quickly and produce new leaves, which 
does not occur with shoot tips grown in 
a culture medium that lacks BAP. 
Higher concentrations of the cytokinin 
accelerate these developments. 

The figure shows plant lets grown in 
cultures with different concentrations 
of BAP. After a month of growth, the 
cultures can be either transferred in­
tact or separated into individual shoots 
and placed in a rooting medium con­
taining 3 percent B-indolybutyric acid 
and no cytokinin, which inhibits root 
growth. 

Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public . For information on program 
price, size , and availability , circle 
the reference letter on the COSMIC 
Request Card in this issue. 
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The Numerous Shoots of the Clone Plantlets grown in cultures containing 1 mgll of SAP 
were short and thick stemmed (left). Plantiets from media containing 0.1 mgll SAP were 
slender (right). However, within 30 days after removal from the culture medium, both 
plantlets produced numerous roots. 

To compare the growth of the clones 
with that of seeded plants, potted clone 
plantlets were grown in full Sunlight for 
13 months along with equal-aged seed­
lings. During the first 6 months, a few of 
the plantlets flowered, a sign of a 
mature plant, but only one seedling did 
so; most of the seedlings continued 
vegetative growth without flowering . A 
check of the chromosome count of the 

Life Sciences MIS 

An interactive system 
utilizing "form-fillout" 
capability 

The Management Information Sys­
tem, MIS, provides the Life Sciences 
Projects Division at Johnson Space Cen-

plantlets and seedlings showed they 
were both the same, 36 - the normal 
number for sexually-reproducing guayule 
plants. 

This work was done by Ernest A Ball 
of The Regents of the University of 
california for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 35 on the TSP Request card. 
NPO-15756 

ter with an automated system for project 
management. MIS development objec­
tives included: 
a. A simple system that allows for the 

rapid and accurate update and review 
of the status of any active task within 
the project, 

b. The ability to store and update desired 
(continued on next page) 
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management-level data and to ma­
nipulate the data for display, 

c. The ability to display the information 
to conduct status meetings with a 
large number of participants, 

d. To provide a network among remote 
users enabling them to exchange and 
review information, and 

e. To provide an access-limiting security 
system around the data base. 
The Life Sciences commitment to the 

Shuttle Program will ultimately include a 
series of multiple payloads consisting of 
from 5 to 50 experiments and supporting 
equipment. This committment necessi­
tated the development of MIS to handle 
the management information necessary 
to keep abreast of all aspects of the 
program. 
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NASA has found that a disciplined 
" goal-oriented" program is the only ef­
fective approach in meeting launch 
dates with confidence. In building a data 
base to support a goal-oriented pro­
gram, the project schedule becomes the 
focal point around which all other infor­
mation revolves; i.e., cost, open items, 
problems, and narrative status. MIS pro­
vides the Life Sciences Projects Division 
with just a schedule-centered informa­
tion system. MIS utilizes the Tektronix 
4027 color graphics display terminal and 
its form-fillout capability. User interface 
with the MIS data base is through a 
series of forms including: a technical 
assessement form, an event-planning 
form, a milestone schedule form with 
6-month, 1-, 2-, or 4- year schedule 

displays, a project cosUfunding status 
form, a cost-trend chart form, and a 
miscellaneous form for maintaining 
information in the data base that is not 
covered by one of the other forms. 

MIS is written in VAX COBOL and 
FORTRAN for interactive execution on 
the DEC VAX-111780 through the Tek­
tronix 4027 terminal. MIS was devel­
oped in 1981 . 

This program was written by Robert A. 
Dittman of Johnson Space Center and 
Victor Marks of MA TSCo. For further in­
formation, Circle B on the COSMIC 
Request Card. 
MSC-20238 
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Boom Deploys With Controlled Energy Release 
A lanyard and a spring-mounted viscous damper 
regulate rate of stored-energy expenditure. 

NASA's Jet Propuls;on Laboratory, Pasadena, California 

A collapsible boom is deployed in a 
controlled fashion, yet has no electric or 
commandable elements. In effect, the 
structure consists of many fiberglass 
"springs" that are forcibly coiled during 
initial stowage in a canister. A consider­
able amount of energy stored in the 
structure is released during deployment. 

The boom has two sections: an "out­
board" mast, containing electronic in­
strumentation or other hardware that is 
carried by the boom, and "inboard" 
mast, which holds the canister in which 
the collapsed boom is stored before it is 
deployed. The inboard mast unfolds first 
during the deployment sequence, fol­
lowed by the outboard mast. 

The deployment rate is controlled by a 
viscous damper located at the base of 
the inboard mast (see figure). As the in­
board mast deploys, its elastic energy 
produces a force of 20 pounds (89 new­
tons) on a lanyard along the center of the 
mast. The lanyard transmits the force to 
a rotary damper at its end, which limits 
the rate at which the lanyard pays out. 

Simultaneously, the 20-pound lanyard 
force is transmitted around an outboard 
pulley and back to the inboard structure, 
thereby producing a force of 40 pounds 
(178 newtons) across the stowed out­
board mast. The force holds the out­
board mast closed until the inboard 
mast completes deployment. Then the 
outboard mast is freed to begin deploy­
ment by Its own stored energy, produc­
ing a 10-pound (45-newton) load on the 
lanyard. 

Springs initiate deployment at the in­
board end of the longitudinal members 
(Iongerons) of each mast. The springs 
produce a uniform torque through the 
first 45° of longeron uncoiling and 
guarantee that the erection sequence 
will begin as shown in the figure. 

The batten members are 14 percent 
smaller in diameter in the first and sec­
ond batten frames on the inboard end of 
each mast. This provision ensures that 
the base of the mast will lock up into a 
fully erect structure before the remain­
ing stowed portions of the mast begin to 
deploy. 

At the completion of deployment, a 
large transient load is applied to the 
lanyard from the final release of stored 
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This Partially Deployed Boom consists of an erect base, an uncoiling transition zone, and 
still-colled zones. The boom members form a lattice structure that Is shear-stiffened by 
diagonal elements when erected. 

energy as the longerons rapidly rotate 
into their fully deployed state. The 
peakload can be as great as 220 pounds 
(980 newtons) and could break the 
lanyard. To prevent a break, the viscous 
damper is attached to the baseplate by 
springs. When the spring force is ex­
ceeded by the peak deployment force, 
the body of the rotary damper rotates, 
paying out additional lanyard and greatly 
reducing the lanyard load. 

The controlled deployment sequence 
allows a boom 27 feet (8.2 meters) long 

to be uncoiled from a canister only 2 feet 
(0.61 meter) high. Possible applications 
include antennas and other lightweight 
structures that are rapidly ~rected in the 
field. 

This work was done by Douglas T. 
Packard of Ca/tech and Max D. Benton 
and Robert F. Crawford of AEC-ABLE 
Corp. for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 36 on the TSP Request Gard. 
NPO-15418 
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Eliminating Wlnd·Tunnel Flow Breakdown 

Floor nozzle ensures more realistic airflow. 

Ames Research Center, Moffett Field, California 

Undesirable vortexes near the floor in 
small wind tunnels are suppressed by a 
simple device that alters the flow pattern 
there. Air is injected along the floor and 
interacts with the backflow from the 
wind· tunnel model. This results in a 
smoother, more correct airflow and so 
to more-reliable wind-tunnel data. 

Models of high-lift aircraft are difficult 
to test in small wind tunnels because 
they create jets of air that disturb airflow 
in unpredictable ways. A jet of air emerg­
ing from an aircraft model strikes the 
tunnel floor and spreads out forward 
(against the main airflow) and aft (see 
figure, left). The forward-moving part of 
the jet forms a vortex that disrupts the 
main flow, causing the phenomenon 
known as tunnel flow breakdown. 

However, if air is blown through a noz­
zle on the tunnel floor into the forward­
spreading jet, the vortex is prevented 
from forming (see figure, right). Instead, 
the blowing jet creates a mixing region 
that hardly interferes with the flow at the 
model. The model experiences better 
lift, and test data correlate well with 
data from large tunnels after standard 
corrections are applied. 
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A Vortex Is Suppreued by • Blowing Jet from a floor nozzle. Without the floor Jet (left), the 
vortex disturbs the main airflow around an aerodynamic model. With the floor Jet (right), 
turbulent air Is blown downstream. The flow vectors are plotted from laser veloclmeter 
measurements. 

The floor jets are easy to use. At the 
start of a test, the appropriate floor-jet 
airflow is set up with a valve. The test is 
then run without further adjustment of 
airflow. 

This work was done by James E. 
Hackett of Lockheed-Georgia Co. for 
Ames Research Center. No further 
documentation is available. 
ARC-11338 

Vibration Analysis Reduces Computer Time 

Calculation cost is reduced without loss of accuracy. 

Marshall Space Flight Center, Alabama 

An improved calculation method pro­
mises to reduce computer time by a fac­
tor of 10 for vibration analysis of com­
plex structures: The method was origi­
nally developed to predict the mechani­
cal response of a spacecraft to ma­
neuvers in various cases in which the 
same booster is used with different pay­
loads (see figure). Many nonaerospace 
applications are possible whenever ma­
jor components of a system remain the 
same while some are varied: These in­
clude the design of vehicles and the 
design or modification of floors, walls, 
and structural modules. 
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A Representative Analysis separates payload, Interface, and vehicle into segmented 
finite elements. Values of acceleration, velocity, and displacement calculated by the new 
method and the conventional method differed by as little as a few parts per million. 
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The method is more exact than con­
ventional normal-mode methods in that 
it involves no initial approximations or 
assumptions. All adaptation of the New­
mark-Chan-Beta numerical integration 
technique is directly applied to the 
coupled system equations, and thus the 
expensive solution of a system eigen­
value problem is avoided. In the New­
mark-Chan-Beta technique, the step 
size can be based on the cutoff frequen­
cy associated with the forcing function 
regardless of the highest system fre-

quency - a valuable feature since the 
highest system frequency is usually not 
known in advance. 

Several improvements over conven­
tional techniques and cost-saving 
features were introduced in the new 
method. For an indeterminate interface, 
it is not necessary to express the inter­
face displacements in terms of accele­
rations and forces. Several simplifi­
cations were made in the preliminary 
calculations that lead to more efficient 
and convenient calculation of loads. 

The method is readily adaptable to 
short cuts. For example, if a solution of a 
response and load problem is already 
available and design changes are made 
in the payload, it is possible to develop a 
criterion to determine whether the loads 
will change significantly. 

This work was done by Remi C. 
Engels of Martin Marietta Aerospace for 
Marshall Space Flight Center. For fur­
ther information, Circle 37 on the TSP 
Request card. 
MFS-25711 

Optical Temperature Sensor Has Digital Output 

Device uses a Fabry-Perot multiple-beam fringe sensor_ 

Lewis Research Center, Cleveland, Ohio 

A new instrument* from the world of 
fiber optics can measure temperatures 
reliably and accurately. A remote light 
source feeds light into an optical fiber or 
cable. The measurement end of the fiber 
is attached to a Fabry-Perot sensor, 
which consists of a small spacing that 
varies with temperature. This spacing is 
controlled by a temperature-sensitive 
material. A second output fiber trans­
mits the light passing through this 
"Fabry-Perot" gap to a photodetection 
unit and finally to a decoder, before the 
output is routed to the utilization means. 

The gap widens as temperature in­
creases. With this increase in tempera­
ture is an increase in the number of 
spectral bands passing to the receiver. 
The count of the number of bands 
passed to the decoder is translated into 
temperature changes. 

WHITE 
LIGHT 

SOURCE 

TEMPERATURE·SENSITIVE 
SPACER 

DECODER t----- OUTPUT A number of advantages accrue to 
this optical system. Both the tempera­
ture sensor and the optical lines are free 
of all electrical and electromagnetic ef­
fects and interference. Variation in the 
spacer can be made sensitive to other 
physical quantities, such as pressure. 
The sensing element itself can be made 
quite small, enhancing its use in con­
fined areas. 

The F1ber.()ptlcs Temperature Sensor is free of electromagnetic interference. The sens­
ing element can be made Quite small, enhancing its use in confined areas. 

*NOTE: This new instrument is a proto­
type that is still being further developed; 
therefore, its accuracy and repeatability 
have not been determined. 
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This work was done by K. A James, 
W. H. Quick, and V. H. Strahan of 
Rockwell International Corp. for Lewis 
Research Center. Further information 
may be found in NASA CR·159519 
[N79-27975INSP), "Analysis and 
Preliminary Design of Optical Sensors 
for Propulsion Control" [$10. 50~ A copy 
may be purchased [prepayment re-

quired] from the National Technical In­
formation Service, Springfield, Virginia 
22161. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center [see page AS]. 
Refer to LEW-13413. 
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Radionuclide Counting Technique Measures Wind Velocity 
The change in position of a radioactive source 
translates into wind-velocity measurement. 

Langley Research Center, Hampton, Virginia 

A proposed technique for measuring 
wind velocity is based on the inverse­
square-law variation of radioactive count­
ing rates. In the proposal, a radioactive 
source is deposited on the bottom of a 
light, hollow sphere, such as a plastic 
table-tennis ball, and suspended by a flex­
ible wire over a radiation counter. The ball 
can be punctured with symmetrically dis­
tributed holes or otherwise roughened for 
aerodynamic stability. 

If the source position is changed 
because of wind drag on the ball, the solid 
angle subtended by the counter de­
creases, and the counting rate is re­
duced. A graph of counting rate as a func­
tion of source position would be used to 
determine the source position and the 
wind drag on the ball. 

The single-source/single-detector ane­
mometer just described does not yield 
the direction in which the source has 
moved, however. Also, the counting rate 
will not change if the source is moved 
along the circumference of a circle, the 
center of which lies on the center of the 
projection of the counter window on the 
source plane. This ambiguity would be 
removed by using three coplanar radia­
tion counters located at equal distances 
along the circumference of a circle with 
the undisplaced source hanging over the 
center of the circle, as shown in the 
figure. 

An anemometer based on this concept 
would be self-contained, portable, yet not 
too fragile. It could be used for extended 
periods of time, even at remote, inhospit-
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A Radioactive Source suspended over three dete-::tors yields both windspeed and wind 
direction. The concept has been tested using a weak Bismuth 207 source and three 
Geiger-MUlier counters. 

able, and inaccessible sites. The pro­
posed anemometer would be accurate 
and would have good frequency re­
sponse ('" 1 kHz). Calibration would be af­
fected only by changes in humidity. Thus, 
in fair weather, it would be stable over 
long periods. The only requirement is that 
the radiation detectors be checked peri­
odically to make sure they are working 
properly. The anemometer would require 
little maintenance and could measure 
wind velocities up to 100 m/s. 

This work was done by Jag J. SIngh of 
Langley Research Center, G. S. 
Khandelwal of Old Dominion University, 
and Gerald H. Mall of Computer Sciences 
Corp. Further information may be found 
in NASA TM-B3202 [N82-12419/NSPj, "A 
Radionuclide Counting Technique for 
Measuring Wind Velocity" [$6]. A copy 
may be purchased (prepayment requiredj 
from the National Technical Information 
Service, Springfield, Virginia 22161. 
LAR-12971 

Microwave Ice-Accretion Measurement Instrument (MIAMI) 
Microwaves detect icing on aircraft surfaces. 

Lewis Research Center, Cleveland, Ohio 

An instrument can be used on opera­
tional aircraft to warn the pilot of 
the onset of dangerous ice buildup or as 
a research tool for use in studying air­
craft icing phenomena and in cloud re­
search. Other ice-detection instruments 
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use probes that project from the surface 
on which ice will collect, thus creating 
the problem of having to infer how much 
ice is really on the surface of interest. 
This is particularly troublesome when 
the surface of interest is an aircraft sur-

face since the water-droplet catch effi­
ciencies will be different for the ice­
detector probe and the aircraft surface. 
The MIAMI is embedded in the surface 
to be monitored and conforms to the sur­
face contour. It automatically measures 
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the ice forming on the surface of in­
terest. The MIAMI is the only instrument 
that measures actual ice thickness and 
accretion rate in addition to giving an 
icing-onset warning. 

The MIAMI detects the onset of icing 
on a surface (e.g., aircraft wing), con­
tinuously monitors ice thickness, and 
displays ice thickness and accretion 
rate. A small, 1.4- by 0.4- by 0.2 inch 
(35.5- by 10.2- by 5.08-mm), microwave 
waveguide is implanted just below the 
surface to be monitored. One or more 
waveguides may be mounted on differ­
ent components of the aircraft. A micro­
processor monitors the resonant fre­
quency of the waveguide(s). As ice 
forms on the surface of the waveguide, it 
causes the waveguide resonant fre­
quency to decrease. The frequency shift 
is measured by the microprocessor and 
converted to a dc voltage that is propor­
tional to the ice thickness. The micro­
processor also computes the change in 
ice thickness with respect to time to get 
the ice-accretion rate. The ice thickness 
and accretion rates are displayed on 
digital panel meters. 

The theoretical basis for the develop­
ment ofthe MIAMI is that a resonant sur­
face waveguide is tuned by the applica­
tion of a substance (such as ice) with ap-

proximately the same dielectric con­
stant as the waveguide material. The 
resonant frequency of the transducer is 
very sensitive to the thickness of the ice 
accreting on top of it. Ice layers of ap­
proll:imately 0.005 to 0.100 inch (0.13 to 
2.5 mm) are capable of being measured. 
The transducer and its associated mi­
croprocessor convert the ice thickness 
to a dc voltage that varies in time in a 
manner proportional to the ice thick­
ness. The time derivative of this voltage 
is proportionate to the icing severity (ac­
cretion rate) and is continuously being 
computed and displayed by the micro­
processor either as a severity level 
("TRACE," "LIGHT," "MODERATE," or 
"HEAVY") or numerically in inches or 
centimeters per minute. 

The effect of ice on the transducer is 
different from other substances, such as 
oil, grease, dirt, insects, or other con­
taminants. The microprocessor is pro­
gramed to recognize the difference be­
tween ice and other substances so that 
valid icing signals are generated only 
when ice forms. Water droplets that may 
form in the boundary layer are neglected 
by the system. Should a contaminant or 
foreign body other than Ice adhere to the 
surface of the MIAMI, a continuous tone 
will be generated providing a fail-safe in-

dication of its operating ability until the 
foreign object is removed. 

Because no probe projects into the 
airspace, the transducer may be 
mounted anywhere on the aircraft with­
out interfering with the aerodynamic 
properties of the aircraft. Also, since no 
probe exists, there is no opportunity to 
damage it or break it off or have it in­
gested by the engine. 

If desired, the MIAMI transducer may 
be equipped with an electrothermal 
deicer to remove existing ice. With the 
MIAMI, ice removal is not necessary un­
til the ice thickness exceeds its dynamic 
range [0.125 inch (3.2 mm)). Deicing 
may be programed to occur repetitively 
in a manner analogous to magnetostric­
tive transducers or not to occur until the 
transducer approaches the limit of its 
dynamic range, thereby saving aircraft 
energy. The MIAMI will provide a com­
plete history of ice thickness, Including 
the loss of ice by intentional deicing or 
natural causes. 

This work was done by Bertram 
Magenheim of Ideal Research, Inc., for 
lewis Research Center. For further 
information, Circle 38 on the TSP Re­
quest Card. 
LEW-13784 

Minimizing Vibrations While Orienting Large Structures 
Control algorithm times thrustor 
pulses to minimize vibrations. 

Marshall Space Flight Center, Alabama 

Structural vibrations and dynamic 
loads have been theoretically analyzed 
for their effects on the pointing and slu­
ing of a large antenna (100 meters in 
diameter) deployed from the Space 
Shuttle at the end of a 1OD-m·long mast. 
The analysis resulted in a control 
algorithm that insures pointing accuracy 
while minimizing vibrations of the long 
flexible mast. The approach is appli­
cable to terrestrial antennas or other 
large lightweight structures. 

To point the antenna in a particular 
direction, the Space Shuttle is maneu­
vered into the appropriate orientation by 
Its pitch, roll , and yaw thrustors. This in, 
volves a problem in vibration and at­
titude control analogous to that of carry­
ing a bowl of soup: One has to move 
carefully to avoid spills. 

(continued on next page) 
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Attitude Error and Error Rate are minimized by a properly-deslgned control law. The 
control thrustor returns the attitude to a point within the control dead band whenever the 
attitude error or error rate strays outside. Within the dead band, the attitude drifts under 
environmental torque. The leftward thrustor fires when the system phase point Is to the 
right of the error dead band. The opposite Is the case for the rightward thrustor. 

179 



Similarly, the Space Shuttle or other 
platform carrying a large antenna on the 
end of a flexible mast must be moved 
carefully to avoid setting up oscillations 
in the mast. Therefore step-by-step 
plans (more specifically, the turn-on and 
turn-off times for the thrustor pulses) 
must be devised for each maneuver, 
and the mast must be designed to con-

form to the characteristics of the 
thrustors. 

The analysis resulted In a combined 
attitude-and-vibration-controllaw for the 
attitude-control vernier thrustors. The 
control law is a function of the calcu­
lated vibration modes of the structure, 
and of the response of the system to en­
vironmental torques (gravity gradient, 
aerodynamic, and solar radiation). The 

system response to a single control 
pulse is computed by numerically inte­
grating the equations of motion. The per­
formance of a representative system is 
illustrated in the figure. 

This work was done by Fred Austin of 
Grumman Aerospace Corp. for Mar­
shall Space Flight Center. For further 
information, Circle 39 on the TSP Re­
quest Card. 
MFS-25439 

Locating Small Leaks in Large Structures 

II Dead" needle pinpoints small leaks. 

Lyndon B. Johnson Space Center, Houston, Texas 

A "dead" needle technique pinpoints 
the exact locations of very small leaks in 
plumbing and vacuum systems. The 
new technique confines helium ex­
posure to a small region rather than 
flooding the entire leak area with helium 
gas. 

In conventional leak detection, helium 
gas Is usually fed to the vicinity of the 
leak under low pressure, while a mass­
spectrometer leak detector monitors the 
interior of the system for the presence of 
helium gas. While this method indicates 
whether or not a leak is present and 
notes the approximate location of the 
leak, it usually does not precisely pin­
point the leak. The helium gas floods too 
wide an area around the leak to enable 
the operator to determine the leak posi­
tion with certainty. With the new tech­
nique the helium source is not pressur­
ized, and the gas is localized to just the 
immediate vicinity of the leak. 

The test tool uses a fine-control valve 
and a hypodermic needle (see figure). 
After the needle is filled with helium, the 
pressure is allowed to fall to atmos­
pheric level, so that no helium actually 
flows from the needle if the air is still. As 
the needle is brought up to a leak, the 
leak-induced air'flow draws helium from 
the "dead" needle, through the leak, 
and into the helium detector. This oc­
curs only when the needle is very close 
(less than about 1 mm), so the leak can 
be located to within a small area. 

This technique could be applied in in­
dustrial situations. Examples would be 
nuclear-powerplant plumbing, valve­
and-pump bodies, vacuum systems, or 
pressure vessels. 
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The Test Tool for Detecting Minute Leaks in. bimetal joints, welds, or other locations 
employs a fine-control valve and a hypodermic needle. The test item is connected in a 
conventional manner to a helium mass spectrometer that is tuned to read extremely 
small amounts of helium gas. The uniqueness of this method is the ability to detect tiny 
leaks, through surfaces, which were not discoverable by gross coverage of test struc­
tures by helium gas. 

This work was done by W. F. Lawler, 
Jr., of Beech Aircraft Corp. for Johnson 
Space Center. No further documenta­
tion is available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Johnson Space Center [see page AS]. 
Refer to MSC-20327. 
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Acoustic Ground-Impedance Meter 
Portable device is based on the 
Helmholtz-resonator principle. 

Lang/ey Research Center, Hampton, Virginia 

ADAPTER LlGHT-EMmING 
DIODE 

A Helmholtz resonator is used in a 
compact, portable meter that measures 
the acoustic impedance of the ground or 
other surfaces. The Earth's surface is 
the subject of increasing acoustical in­
vestigations because of its importance 
in aircraft noise prediction and measure­
ment. 

PHOTODIODE --~c==d'I~ 
CONNECTING 
STRIP 

Constructed of heavy-walled stainless 
steel but open at the bottom, the 
resonator is positioned over a surface 
having unknown impedance. The sound 
source, a cam-driven piston of known 
stroke and thus known volume velocity, 
is located in the resonator neck. The 
cam speed is variable up to a maximum 
of 3,600 rpm. 

The sound pressure at the test sur­
face is measured by a microphone flush­
mounted with the wall of the chamber. 
An optical monitor of the piston displace­
ment permits measurement of the 
phase angle between the volume veloci­
ty and the sound pressure, from which 
the real and imaginary parts of the im­
pedance are evaluated. Measurements 
using a 5-lobed cam can be made up to 
300 Hz; these can be extended to nearly 
1,000 Hz by a 15-lobed cam. 

Previous methods for measuring the 
acoustic impedance of the ground, all 
having various unsatisfactory features, 
are organized into the three basic 
categories of impedance tube, free field, 
and direct sound-pressure/volume­
velocity measurements. The acoustic 
ground-impedance meter utilizes direct 
pressure/volume-velocity measure­
ment, but avoids the major difficulty in 
the measurement of volume velocity 
found with other such methods in that 
the volume velocity is defined by the 
known stroke of a cam-driven piston. 

The acoustic ground-impedance 
meter offers several advantages. It is 
compact and portable and can be set up 
at any test site, irrespective of land­
scape features, weather, or other en­
vironmental conditions. Its speed of 
operation makes it well suited for use in 
conjunction with other acoustic meas­
urements, such as aircraft noise meas­
urements; and its operation is simple: At 
each frequency the acoustic impedance 
is evaluated from the measurement of 
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A Helmholtz Chamber is sealed to the test surface by a sharp knife edge. The resonator is 
0.220 m in diameter by 0.152 m in height. 

one sound pressure and one phase 
angle for the test surface and from 
similar data for a calibration plate. 

- This work was done by Allan J. 
Zuckerwar of Langley Research Cen· 
ter. Further information may be found in 
NASA TM-83227 [N82-17476INSP) , 
"Acoustic Ground Impedance Meter" 
[$6]. A copy may be purchased [prepay­
ment required] from the Nationa/ 

Technical Information service, Spring­
field, Virginia 22161. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counsel, Langley Research 
Center [see page AS]. Refer to 
LAR-12995. 
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Retaining Ring Fastener for Solar Panels 
A collapsible linkage enables rapid 
installation and removal of panels. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
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Collapsible Retaining Ring unfolds from a W-shape to a rectangular shape. The unfolded ring holds the solar panel in the frame as 
shown at the right of the figure. 

A simple articulating linkage secures 
solar panels into a supporting frame­
work. The five-element linkage (see 
figure) collapses into a W-shape for 
easy placement into the framework, 
then expands to form a rectangle of the 
same dimensions as those of the panel. 
The result is a large retaining ring 
around the outer edges of the panel. 
Removal of the linkage is simply the 
reverse of installation. 

Books and Reports 
These reports , studies , and hand­
books are avaOable from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited ; otherwise they are available 
from the National Technical 
Information Service . 
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Solar panels mounted on angled sup­
ports must often be installed or re­
moved quickly. Conventional fastening 
methods, such as bolting and unbolting, 
can be laborious, time consuming, and 
may require more than one person. 

The new quick fastener simplifies the 
removal and replacement of panels 
during maintenance. The fastener 
could also be used on removable wall 
panels, photographs, and signs. 

The Design of Lightning 
Protection 

Engineering study could 
guide the design and 
monitoring of lightning 
protection. 

Severe environmental conditions, in­
cluding hurricane-force winds and a 
corrosive seacoast atmosphere, as 
well as the need for a 10-year system 
lifetime were taken into account when 

This work was done by Abraham H. 
Wilson of Caltech for NASA's Jet Pro· 
pulsion Laboratory. For further infor­
mation, Circle 40 on the TSP Request 
Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
NASA Resident Office.JPL [see page 
AS]. Refer to NPO-15369. 

refitting and transferring an existing 
lightning protection system to the 
Space Shuttle service and access tow­
er. Many components of the system 
were salvaged from a system used to 
protect the Apollo-Soyuz mobile 
launcher. 

Engineering design studies for this 
project have been collected in a 
150-page report. It contains a wealth of 
information both on the design of light­
ning protection systems and on instru­
mentation for monitoring the current 
waveforms of lightning strokes. Also in­
cluded are the results of examinations 
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of the components of the earlier system 
that had successfully sustained a direct 
lightning strike. 

Basically, the lightning protection 
system consists of a 1/2-inch (12.7 ·mm) 
stainless-steel wire-rope catenary 
cable strung over the launchsite in a 
broad inverted V. At the apex 390 ft 
(119 m) above ground, the cable is sup­
ported by a 65-ft (20-m) fiberglass insu­
lating mast that is mounted atop a 
hammerhead crane. The cable is an­
chored at pOints 1,000 ft (305 m) on 
either side of the tower and is stretched 
to clear all grounded objects by at least 
50 ft (15 m). The cable is grounded at 
each end through current coils, which 
are part of the lightning current­
monitoring system. 

The lightning current-monitoring sys­
tem is designed to monitor the first 
100 lAs of each ligthning stroke; the cur­
rent range is 2 to 200 kA. Current is 
monitored via the voltage across the 
coils at each end of the cable. The rate 
of change of current is monitored and 
integrated to obtain the current. To pro­
tect the event recorders that monitor 
the lightning strokes, the signals from 
the transient recorder are transmitted 
optically to the data lines. 

Various other structural and safety 
considerations were studied. Loads 
from hurricane-force winds impose 
requirements more severe than those 
due to launch conditions. 

Floodlighting of the mast was se­
lected as the simplest economical way 
to provide aircraft safety warning. The 
report also describes the testing of ab­
lative coatings used to protect the mast 
from repeated exposure to the heating 
effects of Space Shuttle launches. 

This work was done by Planning 
Research Corp. for Kennedy Space 

Computer Programs 

These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public . For information on program 
price . size , and availability. circle 
the reference letter on the COSMIC 
Request Card in this issue . 
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Center. Further information may be 
found in NASA TR-1530 [NB1-31277/ 
NSP] , "Ughtning Protection System for 
Space Shutt/e " [$15]. A copy may be 
purchased [prepayment required] from 
the National Technical Information Ser­
vice, Springfield, Virginia 22161. 
KSC-11224 

Measuring Contours of 
Coal·Seam Cuts 

Microprocessor-based 
instrument integrates small 
changes in angle and 
distance. 

A final report describes work on an 
automated system for measuring the 
contour of a coal face as it is mined 
by a longwall shearer. [See "Transducer 
System Traces Mine-Face Curve, " 
(MFS-25289), p. 424, [NASA Tech Briefs, 
Vol. 6, No.4 (Spring/Summer 1982).] 

Angle transducers measure the angle 
between track sections as the longwall 
shearer proceeds along the coal face. A 
distance transducer functions in con­
junction with the angle transducers to 
obtain relative angles at known posi­
tions. When a cut is complete, the accu­
mulated data are stored on cassette 
tape, and the track prOfile is computed 
and displayed. The angle and distance 
transducers are intrinSically safe in the 
potentially hazardous environment of a 
coal mine and therefore need no special 
packaging . The data storge and reduc­
tion electronics are not intrinSically safe 
but are housed in an explosionproof 
enclosure. 

Flow Distribution in 
Hydraulic Systems 

Program solves fixed or 
variable flow problems for 
series, parallel, or 
series/parallel systems. 

The General Flow Distribution Pro­
gram analyzes pressure drops and flow 
distribution in closed and open hydraulic 
systems. It analyzes a system on the 

The angle transducers are brush less 
resolvers in a support structure called 
the angle cart. The transducers are 
directly connected to angle-measuring 
shoes. The angle between track sec­
tions is measured differentially by the 
two resolvers, which are attached to a 
common reference surface. 

Distance is measured by counting 
pulses that originate from an optical en­
coder. The encoder is in a support struc­
ture called the distance cart. A five-point 
star-whee I-type gear in the distance cart 
makes contact with the track and ro­
tates one-fifth of a revolution for each 
126 mm of forward travel. Gears trans­
mit the star-wheel rotation to the en­
coder. The reference point from which 
distance is measured is established by 
the simultaneous activation of limit 
switches and the encoder zero pulse. 
Once the zero reference point is estab­
lished, absolute distance is measured by 
an upldown counter, which accumu­
lates pulses from the encoder as the 
shearer moves along the face. 

Yet another transducer - for roll 
measurement - is contained within the 
explosionproof enclosure. The trans­
ducer determines the deviation of the 
face from vertical. The transducer pro­
duces an electrical signal proportional 
to the angular displacement of a pen­
dulum submerged in a damping fluid. 

A microprocessor in the explosion­
proof enclosure calculates the cut sur­
face contour from the trigonometric 
relations among track angles, distance, 
and roll measurements. The data reduc­
tion process for a 600-ft. (183-m) track 
takes about 2 minutes. 0 

This work was done by Benton Corp. 
for Marshall Space Flight Center. To 
obtain a copy of the report, Cir­
cle 41 on the TSP Request card. 
MFS-25734 

basis of incompressible flow even 
though the system may contain either 
compressible or incompressible fluid. 
The program has been used to analyze 
Space Shuttle orbiter hydtaulic systems 
used for environmental control and life 
support. The General Flow Distribution 
Program solves fixed or variable flow 
problems for series. parallel , or 
series/parallel systems. 

A flow system is represented by a 
nodal network with elements of flow 
resistance. Either a closed network with 

(continued on next page) 
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pumps and fans or an open network with 
a known total fixed flow rate may be 
analyzed. The adjustment of variables is 
permitted through the use of user­
supplied routines. 

The analytical method is generally 
based on the successive-approximation 
method. Flow across a resistance, 
which may be either a duct, tube, or a 
black box with known characteristics, is 
calculated using the Bernoulli pressure­
drop equation. Starting with assumed 
pressures at active nodes, the program 
iteratively corrects the pressures and 
flows until pressure and flow balance 
tests are satisfied. The balanced pres­
sure drops and flows computed are out­
put as analysis results. 

This program is written in FORTRAN V 
for batch execution and has been im­
plemented on a CDC CYBER 170-series 
computer. As currently dimensioned to 
accommodate a network of up to 500 
nodes and 1,000 line elements, the pro­
gram has a central memory requirement 
of approximately 17K (octal) of 60-bit 
words. The program was developed in 
1980_ 

This program was written by Son N. 
Nguyen of Rockwell International Corp. 
for Johnson Space Center_ For further 
information, Circle C on the COSMIC 
Request Card. 
MSC-20306 

Structural Optimization 

An interface between SPAR 
structural analysis and 
CONMIN optimization 

The Programming Structural Syn­
thesis System (PROSSS) provides struc­
tural synthesis capability by combining 
the SPAR and CONMIN computer pro­
grams with a set of interface pro­
cedures_ SPAR is a large general­
purpose finite-element structural­
analysis program, and CONMIN is a 
large general-purpose optimization pro­
gram. The user supplies two small 
problem--dependent programs to define 
the design variables, constraints, and 
the objective function . Unlike many 
other structural-optimization programs, 
the design variables, constraints , and 
the objective function can be repre­
sented in PROSSS by any choice of 
quantities, or combination of quantities, 
that form input and output of structural 
analysis. This allows the user to solve 
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practical optimization problems formu­
lated in many different ways. 

Execution of the PROSSS analysisl 
optimization process results in a set of 
optimum design variables and a 
minimized objective function subject to 
a set of constraints. Examples of the ap­
plications are (a) minimum-mass design 
with cross-sectional areas as variables 
and stress constraints, or (b) the first 
natural frequency as the objective func­
tion with overall shape design variables 
and stress and buckling constraints. 

PROSSS is intended to be used in the 
following basic ways: 
- As a research tool for developing op­
timization techniques that will interface 
with an efficient analysis program, 

- As a research tool for testing new 
analysis techniques that will interface 
with an efficient optimization program, 
and 

- As an application tool for a wide range 
of problems. 

With PROSSS, the analysis and op­
timization programs are executed re­
peatedly in a loop until the process is 
stopped by a user--defined termination 
criterion. This part of the system is re­
ferred to as the repeatable part of 
PROSSS. However, some of the analysis, 
such as model definition, need only be 
done one time and can be sav~ for 
future use; these parts are performed 
outside of the loop and are referred to as 
the nonrepeatable part of PROSSS. Five 
options organize optimization procedures 
by combining nonlinear or piecewise 
linear programing methods with analytic 
or finite--difference gradients. 

The analysis is always performed on 
the mainframe, a CDC 6000-series com­
puter, because of the speed on the main­
frame CPU. The end processor is also 
run on the mainframe to reduce the large 
amount of data generated by the analysis 
to the small amount of data required by 
the optimizer. The optimizer may be run 
on either the mainframe or the minicom­
puter, a PRIME 750 computer. The mini­
computer offers the advantage of virtual 
memory; for many applications the 0p­
timizer requires a significant memory 
allocation. The primary difference in im­
plementing PROSSS all on the CDC com­
puter and in "distributing" part of 
PROSSS to the PRIME computer is the 
method of controlling the flow of the 
options. 

PROSSS is written in FORTRAN IV for 
batch execution and has been im­
plemented on a CDC 6000-series com­
puter and a PRIME 750 computer. The 

implementation of PROSSS all on the 
CDC computer requires approximately 
100K (octal) of 60-bit words. The 
PROSSS user must have access to the 
CDC version of SPAR (available from 
COSMIC). PROSSS was developed in 
1981. 

This program was written by James L 
Rogers, Jr., and Jaros/aw Sobieszczanski­
Sobieski of Langley Research Center, 
Rama B. Bhat of George Washington 
University, and A. R. Dovi and K. M. Riley 
of Kentron International, Inc. For further 
information, Qrc/e 0 on the COSMIC Re­
quest Card. 
LAR-13010 

Structural· Vibration· 
Response Data Analysis 

Modal frequencies and 
dampings are obtained 
from free-decay records . 

One area in dynamic testing that con­
tinues to be of interest is the selection of 
a proper anlaylsis method for determin­
ing structural parameters from the 
measured data. A computer program 
was developed as a structural-vibration­
response data analysiS tool for use in the 
dynamic testing of the Space Shuttle. 

The program provides a fast and effi­
cient time-domain least-squares curve­
fitting procedure for reducing transient 
response data to obtain structural modal 
frequencies and dampings from free­
decay records. The procedure simul­
taneously identifies the frequencies, 
damping values, and participaton fac­
tors for noisy multiple-response records. 
The computer program and the method­
ology it is based on can be applied to the 
analysis of transient response data for a 
wide range of structures and might also 
be applied to such other areas as the 
analysis of seismograms. 

This program is written in FORTRAN 
IV for batch execution and has been im­
plemented on an IBM 370-series com­
puter with a central memory require­
ment of approximately 970K of 8-bit 
bytes. The program was developed in 
1981 _ 

This program was written by William 
R. Smith, Richard N. Hechenlaible, and 
Ramon C. Perez of Rockwell Interna­
tional Corp_ for Johnson Space Center. 
For further information, Circle E on 
the COSMIC Request Card_ 
MSC-20182 
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Costs and Benefits of 
Advanced Aeronautical 
Technology 

Programs determine the 
advantages and 
disadvantages of 
advanced technology 
applied to civil aircraft. 

Programs available from COSMIC 
can be used to evaluate the economic 
feasibility of applying advanced aero­
nautical technology to civil aircraft of the 
future. The programs are composed of 
three major models: 
-The Fleet Accounting Module, 
-The Airframe Manufacturer Module, 
- The Air Carrier Module. 

The Fleet Accounting Module esti­
mates the number of new aircraft re­
quired as a function of time to meet de­
mand. This estimate is based primarily 
upon the expected retirement age of 
existing aircraft and the expected 
change in passenger-miles demand. 
Fuel consumption estimates are also 
generated by this module. 

The Airframe Manufacturer Module 
analyzes the feasibility of manufacturing 
the new aircraft. This module includes 
logic for production scheduling and for 
estimating manufacturing costs. For a 
series of aircraft selling prices, cash 
flow is analyzed, and rates of return on 
investment are calculated. 

The Air Carrier Module is a tool for 
analyzing the financial feasibility of an 
airline purchasing and operating the 
new aircraft. This module includes a 
methodology for computing direct and 
indirect operating costs, performing 
cash-flow analyses, and estimating the 
internal rates of return on investment for 
a set of aircraft purchase prices. 

Input to the Fleet Accounting Module 
includes data describing growth rate of 
revenue passenger miles and flight load 
factors. Descriptions of currently 
operating aircraft are entered in terms 
of the year in which the aircraft became 
operational, seating capacity, fuel con­
sumption, and normal retirement age. 
The type, number, and age of aircraft 
currently in operation are entered to 
complete the description. Similar data 
are required for the new aircraft that are 
potential replacements. The module out­
put includes statistics describing the 
projected fleet composition and activity. 

The input to the Airframe Manufac­
turer Module includes a detailed de-
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scription of the manufacturing require­
ment for the new aircraft and the manu­
facturing cost data. The output includes 
data describing the manufacturers, their 
production capacity, the production 
scheduling , and selected cost 
parameters. 

The input to the Air Carrier Module in­
cludes data on the carrier operations 
and cost factors. The output includes 
computed direct and indirect cost, as 
well as various statistics and param­
eters computed in the financial analysis. 

The models are written in FORTRAN 
IV and COMPASS for batch execution 
and have been implemented on a CDC 
7600 computer with a central memory 
requirement of approximately 154K (oc­
tal) of 60-bit words in small core memory 
and 144K (octal) of 6O-bit words in large 
core memory. Plotted output is 
generated for a ZETA 230 plotting 
system. The models were developed in 
1979. 

This program was documented by J. 
C. Bobick, R. L. Braun, and R. E. Denny 
of SRI International for Ames Research 
Center. For further information, Cir­
cle F on the COSMIC Request Card. 
ARC-11382 

Loads and Pressures on 
Axisymmetric Bodies 
with Cruciform Fins 

Program computes forces 
and moments on 
supersonic configurations 
experiencing pitch and roll. 

The NSWCDM computer program 
calculates the aerodynamic loading and 
pressure distributions on supersonic 
configurations conSisting ofaxisym­
metric bodies with cruciform or planar 
canard and tail fins. This versatile pro­
gram allows for the configuration to be 
pitched and rolled, and the fins may be 
deflected. The tail fins may be inter­
digitated with respect to the foward fins. 
Rns may have arbitrary plan form and 
thickness but must be planar. The load 
calculations provide aerodynamic 
forces and moments acting on the entire 
configuration. 

NSWCDM treats the body and lifting 
surfaces and performs vortex tracking 
along the complete configuration in a 
single application. The theoretical ap­
proach is based on representing the 

configuration components by three­
dimensional singularities associated 
with supersonic, linear flow theory. 

The body·is modeled by a distribution 
of supersonic line sources, sinks, and 
doublets along the centerline. Constant 
u-velocity panels are laid out over the 
fins. Interference-containing constant 
u-velocity panels are placed around the 
body over a length at least equal to the 
fin root chord to account for finbody in­
terference. Forebody vortex shedding is 
modeled by two potential flow vortexes 
with strengths and positions obtained 
from an analytical/empirical approach. 
Canard fin trailing-edge vorticity is 
calculated and tracked along the after­
body and tail with or without the body 
nose vortexes. The effects of the body 
nose and canard vortexes are included 
in the pressure distributions, and loads 
are computed for the body and fins. 
Afterbody vortexes, as well as leading 
and side-edge vortexes, are not ac­
counted for. 

Input to NSWCDM includes configu­
ration geometry and modeling param­
eters, free-stream and body orientation 
parameters, and program control 
parameters. Output from the program 
includes intermediate and final results 
used in obtaining the aerodynamic loads 
and pressure distributions. 

NSWCDM is written in FORTRAN IV 
for batch execution and has been im­
plemented on a CDC CYBER 170-series 
computer with a central memory re­
quirement of approximately 175K (octal) 
of 6o-bit words. NSWCDM was devel­
oped in 1979. 

This program was written by M. F. E. 
DII/enius and C. A Smith of Nielsen 
Engineering & Research, Inc., for 
Langley Research Center. For further 
information, Circle G on the COSMIC 
Request Card. 
LAR-12936 

Vertical Profiles for 
Turbojet·Powered Aircraft 

Optimum profile minimizes 
operating cost. 

The OPTIM computer program 
generates optimum vertical profiles for 
turbojet-powered aircraft Specifically, 
OPl'IM generates a profile of altitude, 
airspeed, and flightpath angle as a func­
tion of the range between a given set of 

(continued on next page) 
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origin and destination points for par­
ticular models of transport aircraft. The 
profile may be optimized in the sense of 
minimizing fuel or time or in minimizing 
the direct operating cost expressed as a 
combination of fuel and time. 

Inputs to the program include the ver­
tical wind profile, the aircraft takeoff 
weight, and the aircraft engine and 
aerodynamic characteristics. The op­
timum vertical flight profile is generated 
by calculating the airspeed and thrust 
required to minimize the Hamiltonian at 
specific energy increments. 

OPTIM is written in FORTRAN IV for 
batch execution and has been im­
plemented on a CDC 6OOO-series com­
puter with a central memory require­
ment of approximately 140K (octal) of 
50-bit words. The OPTIM program was 
released in 1981. 

This program was written by John A. 
Sorensen and Mark H. Waters of 
Analytical Mechanics Associates, Inc., 
for Langley Research Center_ For fur­
ther information, Circle H on the 
COSMIC Request Card. 
LAR-12940 

Supersonic-Wing 
Nonlinear Aerodynamics 

Predictions of wing overall 
force and moment 
coefficients are improved. 

The Supersonic Wing Nonlinear 
Aerodynamics computer program, 
LTSTAR, estimates the nonlinear 
aerodynamics characteristics of a wing 
at supersonic speeds. This corrected 
linearized-theory method accounts for 
nonlinearities in the variation of basic 
pressure loadings with local surface 
slopes, predicts the degree of attain­
ment of theoretical leading-edge thrust 
forces, and estimates detached leading­
edge vortex loadings that result when 
the theoretical thrust forces are not fully 
realized. 

The comparison of L TST AR computa­
tions with experimental results show 
significant improvements in detailed 
wing-pressure distributions, particularly 
for large angles of attack and for regions 
of the wing where the flow is highly 
three-dimensional. The program pro­
vides generally improved predictions of 
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the wing overall force and moment coef­
ficients. LTSTAR could be useful in de­
sign studies aimed at aerodynamic per­
formance optimization and in providing 
more-realistic tradeoff information for 
the selection of wing plan form geometry 
and airfoil section parameters. 

Input to the LTSTAR program in­
cludes wing planform data, free-stream 
conditions, wing camber, wing thick­
ness, scaling options, and output op­
tions. The program output includes 
pressure coefficients along each chord, 
section normal and axial force coeffi­
cients, and the spanwlse distribution of 
section force coefficients. With the 
chordwise distributions and section 
coefficients at each angle of attack, 
three sets of polars are output. The first 
set is for linearized theory with and 
without full leading-edge thrust, the sec­
ond set includes nonlinear corrections, 
and the third includes estimates of at­
tainable leading-edge thrust and vortex 
increments along with the nonlinear 
corrections. 

The LTSTAR program is written in 
FORTRAN IV for batch execution and 
has been implemented on a CDC 
CYBER 170-series computer with a cen­
tral memory requirement of approx­
imately 150K (octal) of 60-bit words. The 
LTSTAR program was developed in 
1980. 

This program was written by Harry W. 
Carlson and Robert J. Mack of Langley 
Research Center_ For further informa­
tion, Circle J on the COSMIC Request 
Card. 
LAR-12788 

Flexible Aircraft Takeoff 
and Landing Analysis 

Program includes 
maneuver logic and 
autopilots for glide slope, 
flare, landing, and takeoff. 

The Flexible Aircraft Takeoff and 
Landing Analysis program, FATOLA, 
simulates aircraft takeoff and landing 
dynamics. FATOLA represents an air­
plane either as a rigid body with six de­
grees of freedom or as a flexible body 
with multiple degrees of freedom. The 
airframe flexibility is represented by the 
superposition of up to 20 free vibration 

modes on the rigid-body motions. The 
analysis includes maneuver logic and 
autopilots programed to control the air­
craft during glide slope, flare, landing, 
and takeoff. The program is modular so 
that the performance of the aircraft in 
flight and during landing and ground 
maneuvers can be studied separately or 
in combination. 

Nine effects are simulated in 
FATOLA: 
1. Flexible aircraft control and perform­

ance during glide slope, flare, landing 
roll, and takeoff roll in the presence of 
changing winds, engine failures, 
brake failures, control-system fail­
ures, strut failures, and restrictions 
due to runway length, control variable 
limits, and timelags; 

2. Landing-gear loads and dynamics for 
up to five gears; 

3. Single and multiple engines (max­
imum of four), including selective en­
gine reversing and failure; 

4. Drag chute and spoiler effects; 
5. Wheel braking (including skid control) 

and selective brake failure; 
6. Ground effect aerodynamics; 
7. Aircraft-carrier operations; 
8. Inclined runways and runway pertur­

bations; and 
9. Flexible or rigid airframes. 

Input to FATOLA includes data that 
describe runway roughness, vehicle ge­
ometry, flexibility and aerodynamic 
characteristics, landing gear(s), propul­
sion, and initial conditions, such as at­
titude, attitude-change rates, and velo­
cities. The program time-integrates the 
equations of motion and outputs com­
prehensive information on the airframe, 
state-of-maneuver logic, autopilots, con­
trol response, and aircraft loads from im­
pact, runway rollout, and ground opera­
tions. Flexible-body and total (elastic 
plus rigid-body) displacements, velo­
cities, and accelerations are also output 
in the flexible-body option for up to 20 
points on the aircraft. 

The FATOLA program is written in 
FORTRAN IV for batch execution and 
has been implemented on a CDC 
6000-series computer with an overlaid 
central memory requirement of approx­
imately 115K (octal) of 5O-bit words. 
FATOLA was developed in 1975 and last 
updated in 1978. 

This program was written by Huey D. 
Carden and John R. McGehee of 
Langley Research Center. For further 
Information, Circle K on the COSMIC 
Request Card. 
LAR-12992 
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Device Stores and Discharges Metered Fluid 
A portable device accepts, stores, and 
discharges a preset amount of fluid. 

Lyndon B. Johnson Space Center, Houston, Texas 

A hand-held container accepts a 
measured amount of liquid from a pres­
surized supply. The supply pressure 
drives a spring-loaded piston that stores 
enough mechanical energy to discharge 
the measured liquid into another con­
tainer. An operator triggers the dis­
charge by turning a valve handle. 

The container, shown in Figure 1, at­
taches to a water (or other fluid) supply 
through a "quick-<lisconnect" fitting. 
The desired amount of fluid is selected 
by turning a collar that controls the 
length of the piston travel. 

A three-way selector valve is set at 
"fill," "discharge," or "off." When the 
selector is set to " fill ," the piston is 
forced back to the preset volume. After 
the selector is turned to "discharge," a 
spring-loaded toggle valve triggers the 
delivery of water to its final destination. 
The device is stored safely in the "off" 
position when it is full . 

The spring is long enough to apply 
nearly constant force against the piston 
over its operating range. It compresses 
under the liquid pressure available from 
the source [20 psi (140 kN/m2) in the 
case of the spacecraft application]. 
Once the toggle valve is opened, the 
spring delivers the water at a lower pres­
sure [15 psi (103 kN/m2) in the space­
craft application]. The device stores 
mechanical energy from the water sup­
ply in the coiled spring and releases the 
energy by displacing the water. 

The liquid comes into contact with a 
rolling rubber diaphragm (see Figure 2) 
but not with the piston. If the fluid is 
water, this feature keeps the water 
sterile until use and prevents corrosion 
of the metallic parts. 

The original application of the con­
tainer was to rehydrate sterilized pre­
packaged food in the zero-9ravity en­
vironment of space vehicles. Its possible 
terrestrial applications include the dis­
pensing of toxic fluids or the metering of 
fluids for household, commercial , or 
laboratory uses. 

This work was done by Sonne L. 
Hooper and Orel Setzer of Pan 
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Figure 1. This Metering Container stores a preselected amount of fluid from a pressurized 
source. The amount is' selected [in this case, 2 to 4 ounces (60 to 120 ml)] by turning a 
calibrated collar on the body of the device. The window in the body permits observation of 
the amount of stored fluid. 

Figure 2. A Spring and Adjustable CoUa.r determine the amount of fluid captured in the 
container. The required spring characteristics depend on the pressure and flow proper­
ties of the fluid. 

American World Airways, Inc., for 
Johnson Space Center. For further In­
formation, Circle 42 on the TSP Re­
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In-

quiries concerning nonexclusive or ex­
clusive license for its commercial de­
velopment should be addressed to the 
Patent Counsel, Johnson Space Center 
[see page AS]. Refer to MSC-20275. 
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Quick-Disconnect Fastener 
A proposed fastener would have good shear­
and moment-load-carrying capacity. 

Langley Research Center, Hampton, Virginia 

VIEW B·B VIEWA·A 

A proposed quick-disconnect fas· 
tener for two or more parts resists shear 
loads and torque. It would center the 
parts to be joined, clamp them, and then 
tighten them into a single unit. Potential 
applications for the removable fastener 
include holding parts for welding, braz­
ing, soldering, riveting, and gluing. Other 
possible uses would be for attaching 
removable panels and panels with poor 
access on one side and for plugging 
leaks in pressure vessels. 

SPRING RETAIN 

The fastener consists of a spring­
loaded hexagonal actuating pin, six 
springy collet fingers, and a hexagonal­
nut locking collar. The collet fingers 
clamp the fastener in position and 
should give. excellent shear- and 
moment-Ioad-carrying capacity. An ad­
justable locking collar compensates for 
component assemblies of differing 
thicknesses. 

I 

l 
B 

SPRING 

A A 

The figure shows the fastener before 
and after locking. Holes are first drilled 
in the parts to accept the fastener. With 
the spring-loaded actuating pin re­
tracted, the six fingers remain together, 
and the fastener is inserted into the 
assembly. The actuating pin is then 
released. The pin enters the collet 
fingers and forces them to spread out 
against the sides of the hole, anchoring 
the fastener in place. 

The Collet Fingers remain together (left) until forced apart by the hexagonal actuating pin 
(right). In the proposed fastener, there are six fingers and a hexagonal shank. 

In the final step, the hexagonal nut is 
tightened to lock the assembly. To re­
move the fastener, the nut is loosened, 
and the actuating pin is pulled away 
from the collet fingers. 

Six-Axis Electrical-Discharge Machine 
Versatile machine tool is made 
by converting a radial drill. 

Marshall Space Flight Center, Alabama 

An electrical-discharge machine 
(EDM) of unusual versatility has been 
made by the conversion of a radial drill . 
The drilling head is replaced by a ram 
that holds and positions the electrode. A 
tank and recirculation system for the 
coolant are added. 

A conventional radial drill , used for 
machining in the tool-and-die industry, 

190 

has a spindlehead that moves the drill in 
the z-direction and a worktable that 
moves the workpiece in the x- and y-di­
rections. The EDM, however, has six in­
dependent motions: 
1. X-axis motion provided by the radial­

drill crossarm and mounting table; 
2. Y-axis motion provided by the mount­

ing table; 
3. Z-axis motion provided by the ram; 

This work was done by Louis W. 
Palmer and Jack A. Bil/yard of Rockwell 
International Corp . for Langley 
Research Center. No furtherdocumen­
tation is available. 
LAR-1289S 

4. Angle motion, as shown in the figure; 
5. Arc motion provided by the radial arm; 

and 
6. Rotation of the spindle quill. 

Use of the six axes of motion allows 
full exploitation of the principle of 
electrical-discharge machining . The 
mechanical versatility also simplifies the 
positioning of work fixtures, thus reduc­
ing setup time and costs. 
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Many of the features of the machine 
may be seen in the figure. The large size 
of the EDM is apparent: The ram has a 
traverse of 36 inches (91 cm), and the 
table working surface is 44 by 44 inches 
(112 by 112 cm). The dielectric tank is 50 
by 50 by '50 inches (127 by 127 by 
127 cm). One side of the tank can be re­
moved (as in the photograph) to facilitate 
installation, inspection, or removal of the 
workpiece and the electrode. 

The capabilities of the machine were 
demonstrated in performance tests that 
included an overcut test, a through-hole 
test, a cavity test, and a small-hole test. 
All of these required precise machining 
in steel , using either copper or graphite 
as the electrode. 

This work was done by A. R. Werner 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. For further 
information, Circle 43 on the TSP Re­
quest Card. 
MFS-19695 

This Electrical-Discharge Machine (EDM) has drastically reduced the cost of manufactur­
ing, and new applications for it are constantly being found. 

Padded Allen Wrench Grips Fastener 
Screws can be inserted in hard-to-reach places. 

Marshall Space Flight Center, Alabama 

The addition of a PTFE pressure pad 
increases the utility of a hexagonal sock­
et wrench. The pad presses against op­
posing inside socket walls, causing a 
frictional force that retains a socket­
head screw against gravitational and 
handling forces. Developed for space­
craft repairs, the tool is useful wherever 
there is a possibility of losing the screw 
due to awkward working conditions or 
wherever a tight clearance prevents the 
insertion or removal of the screw by 
hand. 

The modified wrench (see figure) is 
easy to construct. A hole is drilled 
through a pair of flats near the end of a 
basic hexagonal wrench. A tight-fitting 
PTFE rod is pressed into the hole, then 
machined until it protrudes by the de­
sired distance. 

Unlike magnetic tools, the new device 
works with socket-head capscrews of 
both nonferrous and ferrous materials. 

(continued on next page) 
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---+I,.i:;::;::;:;i~... 0.062 (1 .57) 

Note: Dimensions are in inches (millimeters). 

A PTFE Pad is inserted in a hole near the end of a basic hexagonal socket wrench (allen 
wrench). The concept Is not limited to one wrench size: Dimensions are shown for 
example only. 
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Since PTFE is relatively unaffected by 
gases, oils, or temperature extremes, 
the tool can be used in a wide variety of 
environments and working conditions. 

This work was done by Michael K. 
Salisbury of Marshall Space Flight 
Center. No further documentation is 
available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center [see page 
AS]. Refer to MFS-2S739. 

Inexpensive Bolt-Load Gage 
A simple screw-and-washer strain gage indicates 
the optimum torque on bolts and studs. 

Langley Research Center, Hampton, Virginia 

A "built-in" gage determines whether 
a large bolt or stud has been torqued to 
the desired load and also provides for 
continuous inspection to ensure that 
proper load is being maintained. The 
gage, a simple screw-and-washer com­
bination (see figure), detects the 
longitudinal stresslstrain on the bolt; it 
requires no electronic or sonic test 
equipment. 

The strain gage is based on setting 
and maintaining a maximum longitudinal 
" stretch" that the bolt or stud should 
have under the desired load or stress. 
Th is " stretch" can be either calculated 
or determined by calibration. 

The gage screw is fed through a 
cruciform washer and installed in a 
drilled hole through the centerline of the 
bolt or stud. The precise bolt " stretch" 
length is set between the washer and 
screwhead by a feeler gage or other 
simple measuring device, and a jamnut 
locks in the gap setting. 

The gage screw is made of the same 
material as the bolt to avoid thermal­
expansion problems. When the bolt is 
properly stressed, the gage screwhead 
clamps the washer and prevents it from 
rotating, indicating that proper tighten­
ing has been achieved. Subsequent in­
spections require only an attempt to 
rotate the washer by hand or with a tool. 

The cruciform shape makes it easy to 
grip the washer. If the washer is tight, 
the bolt is properly loaded. The gage 
screw may be longer than the bolt, as 
shown, or the gage screw length may be 
shorter than the bolt, such that sufficient 
stretch is measured to ensure that toler­
ances do not adversely affect accuracy. 

Other methods depend primarily on 
measurement of the torque imposed on 
the nut or bolthead. The relation of a 
torque value to a bolt load involves a fric­
tional coefficient that may vary from bolt 
to bolt, depending on thread surface 
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TO CALCULATE GAP: 

d = m. 
E 

where: 

s = desired bolt 
stress (minimum) 

E = modulus 01 
elasticity 01 
bolt material 

PROCEDURE: 

1. Crucllorm washer 
and central screw 
are Installed In bolt. I 

d (GAP IS SET WITH 
FEELER GAGE 
BEFORE TIGHTENING 
JAMNun 

I (EFFECTIVE GRIP) 

2. Gap Is calculated and set. 

3. Jamnut Is tightened. 

4. Bolt Is Installed and 
torqued; washer should 
not tum. 

'- . IAl+VA- .-.f ~ 
5. For relnspectlon, 

washer Is checked; 
II sti ll tight, bolt 
Is stili properly loaded. -=-tWO;:~--JAMNUT 

A Screw-and-Washer Strain Gage placed through the center of a bolt or stud indicates 
proper bolt load for Initial tightening and for continuous, easy bolt-load inspection. No 
special tools or electronics test equipment are needed. 

smoothness and the degree of lubrica­
tion. Therefore, the calculated torque 
value may not yield the desired bolt load. 
In addition, the stresslstrain condition of 
a bolt or stud may be measured by ad­
vanced sonic/electronic equipment. 
Sonic measurement techniques are still 
in the developmental stage and require 
special , relatively expensive equipment 
and trained operators. This new tech­
nique requires neither. 

This work was done by Moses J. Long 
of Langley Research Center_ No fur­
ther documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counsel, Langley Research 
Center [see page AS]. Refer to 
LAR-12774. 
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Parachute Line Hook Includes Integral Loop Expander 

Parachute packing is simplified with a modified line hook. 

Langley Research Center, Hampton, Virginia 

.. 
-=:J:::==~'/-J 

SECllOH .. · .. 

Figure 1. The Parachute Line Hook includes a tapered brass fitting that expands locking loops on the parachute bag so that the 
parachute lines can be pulled through them. 

Using a modified line hook developed 
at Langley Research Center, one person 
now packs parachutes for test recovery 
vehicles faster than it previously took a 
two-person team. The new line hook in­
cludes an expander that opens up two 
locking loops so that the parachute lines 
can be pulled through them. In the old 
method, one person operated the line 
hook while the other person expanded 
the loops by hand. 

The parachutes are packed at high 
pressure because they have to be com­
pressed into the limited space available 
in the test vehicles. The pressure 
creates a large force on the parachute 
locking flaps. 

Two flaps at the mouth of the 
parachute bag are joined together to 
lock the parachute in the bag. One flap 
has two square holes through which two 
locking loops from the second flap fit. 
Once the loops from the second flap are 
pulled through the holes in the first flap, 
the parachute lines are looped together 
and pulled through the two loops by us­
ing the line hook. 

The modified line hook with the loop 
expander holds the first flap down while 
expanding the loop and also allows the 
parachute lines to be pulled through in a 
one-step operation. The tapered brass 
piece on the line hook, shown in Figure 
1, allows the loop to slide over it, thus 
expanding the loop. As the line hook is 
pulled, the loop slides off the expander 
and over the lines. Once the lines are 

(continued on next page) 
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Figure 2. This Five-Photo Sequence shows the tapered fitting expanding the loops as the 
line hook pulls the lines through. 
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threaded through the loops, the line 
hook is unlocked, and the packing 
operation is complete. The photographs 
in Figure 2 show the parachute lines be­
ing pulled through the locking loops. 

This work was done by Gary B. 
Bayless of Langley Research Center. 
No further documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In-

quiries concerning nonexclusive or ex­
clusive license for its commercial 
development should be addressed to the 
Patent Counsel, Langley Research 
Center [see page AS]. Refer to 
LAR-1287S. 

Regulating Oxygen Pressure Safely 
Sudden heating is avoided when 
the regulator is turned on. 

Lyndon B. Johnson Space Center, Houston, Texas 

A pressure regulator for oxygen 
allows gas flow to be shut off on its low­
pressure (outlet) side rather than its 
high-pressure (inlet) side. The regulator 
thus avoids the fire hazard associated 
with the rapid pressurization and con­
sequent adiabatic heating of oxygen on 
the input side when the regulator is 
turned on. The new regulator can re­
duce the danger of fire in aircraft and in 
medical oxygen supplies. 

As originally designed, the shutoff 
valve of the pressure regulator was 
upstream of a two-stage pressure 
reducer. Opening the shutoff valve 
caused sudden pressurization of the 
small volume between the shutoff valve 
and the first stage. The heat of pressuri­
zation could not be dissipated rapidly, 
and the temperature of the gas in the 
small volume soared to potentially 
dangerous levels. 

In the new version of the regulator 
(see figure), the shutoff valve is 
eliminated from the supply side, and its 
function is transferred to a lift rod. With 
the lift rod in the up (off) position, the 
regulator valve stem floats freely, and 
the inlet pressure holds the valve ball 
against the regulator valve seat. 

However, when the lift rod is pushed 
down to a position that frees the 
pressure-sensing bellows plate, the 
plate can move against the valve stem 
in response to outlet pressure. The 
device then functions as a normal 
regulator. When the regulator is turned 
on, the oxygen flows suddenly into a 
large volume instead of a small one: 
There is no rapid buildup of pressure 
and temperature. 

This work was done by Charles 
Simons of United Technologies Corp. 
and Lawrence Gill of Carlton Controls 
for Johnson Space Center. No further 
documentation is available. 
MSC-20300 
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LIFT ROD 

SECOND STAGE 
(LARGE VOLUME) 

BELLOWS 

°2 ----II-+- OUTLET 

In the Modified Pressure Regulator (shown here In simplified form), the initial rush of 
oxygen occurs in the second stage rather than in the first stage of pressure reduction. 
The large volume of the second stage prevents excessive heating of the gas. The high­
pressure source can remain on, and the first stage can remain pressurized at all times. 
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Tool Severs Hidden Adhesive Bonds 
It reaches deep into narrow crevices without 
damaging adjacent surfaces. 

Lyndon B. Johnson Space Center, Houston, Texas 

+ 
RIVET OR SCREW 

HANDLE TO BLADES 

NOTE: All dimensions are In Inches. 

1------3.62-----.j 
0.015 BY 1.25 BY 6.00 

STAINLESS STEEL (TWO) 

0.25 BY 1.25 BY • . 12 
PLASTIC HANDLE (TWO) 

SECTIONA·A 
(ENLARGED) 

0.200 BY 1.25 BY • . 12 
ALUMINUM SPACER 

FORM TABS OVER 
WIRE AND SOLDER 

IN PLACE 

Figure 1. Two Paranel Blade., sandwiched between an aluminum spacer and plastic, sup­
port the cutting wire. The wire Is crimped to the blades, and the handle Is held together by 
either rivets or screws. 

A new tool enters a narrow gap be­
tween fragile materials and removes an 
adhesively bonded filler without damage 
to the adjacent surfaces. It reaches 
deep into narrow crevices to reach hid­
den bond lines. The tool was originally 
developed to remove ceramic filler from 
between the Space Shuttle surface­
insulation tiles. 

The tool (see Figu re 1) has two blades 
that support a short length of music wire, 
0.016 in. (0.4 mm) in diameter. A set of 
tools with blades spaced at different 
widths would fit a range of gaps. In the 

High-Production Silicon· 
Ingot Slicer 

A new Ingot slicer comprised of 
stacks of up to 250 rotating, ganged 
blades promises to increase wafer pro· 
duction, to improve silicon wafer yield, 
and to cut manufacturing costs. The 
rotating ingots are fed into the circular 
cutters. 
(See page 216.) 
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Space Shuttle application, only the 
length of music wire is used to sever the 
adhesive bonds; the blades do not ac­
tually do any cutting. 

As shown in Figure 2, the tool is in­
serted over the filler to be removed with 
the two blades straddling the filler. Any 
adhesive bonds between the filler and 
adjacent walls are broken by a sharp­
ened spatula before the tool Is inserted. 

The wire is inserted down to the bond 
line and pulled with a slight downward 
pressure along the gap filler, stopping 
about 2 in. (5 cm) from the end. The path 

Explosille Joining for 
Nuc/ear·Reactor Repair 

A remote ribbon explosive yields a 
joint with double the parent metal 
strength. For reactor repair, a 
30-grain/foot (0 63·gram/cm) ribbon 
drives a machined adapter flange into a 
bellows. This Joining technique IS useful 
in remote, dangerous, and inaccessible 
areas. 
(See page 211 .) 

CUTTING 

DIR~ 

TILE 

Figure 2. The Gap Filler Is Removed by 
undercutting the adhesive alternately 
from one end and then from the other end 
of the filler. 

of the tool is then reversed, and the tool 
is removed at the same place it entered. 
The tool is then reinserted at the op­
posite end of the gap filler, and the last 
remaining bond is severed. The gap filler 
can then be removed. 

This work was done by Andrew R. Kelr 
and Xavier A. Dominguez of Rockwell In­
ternat/onal Corp. for Johnson Space 
Center_ No further documentation is 
available. 
MSC-20198 

Boom Deploys With Controlled 
Energy Release 

A self-deploying boom stows In a 
canister and stores its own erecting 
energy in coiled, fiberglass springs. The 
erected boom members form a lattice 
structure stiffened by diagonal memo 
bers. Applications include lightweight 
field-erectable structures. 
(See page 175.) 
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Coulomb Friction Damper 
A linear friction damper is 
effective at low velocities. 

Lyndon B. Johnson Space Center, Houston, Texas 

A standard hydraulic shock absorber 
has been modified to form a coulomb 
(linear friction) damper. The device 
damps very small velocities and is well 
suited for use with large masses 
mounted on soft springs. In contrast, 
hydraulic dampers can be ineffective 
when the velocity is reduced. 

As shown in the figure, the piston of a 
conventional hydraulic shock absorber 
is replaced by a cylindrical friction pad 
that rubs against the inner cylinder wall. 
The lateral force of the friction pad 
against the wall is determined by the ad­
justment of a spring that presses axially 
on a conical wedge to force the friction 
pad outward. 

SHAFT 

FELT SEAL AND 
BAO<oUP RINGS 

CYLINDER 

The coulomb friction damper is ap­
plicable in situations requiring large 
damping of small oscillating velocities. It 
contains no liquid that could leak or 
freeze and heaters, necessary for low­
temperature operation of fluid dampers, 
are not needed. Performance is relative­
ly insensitive to temperature and to cy­
cle frequency. The damping force is 
easily adjusted for different loads. These 
dampers are therefore more reliable 
than fluid dampers and also more 
economical to build and to maintain. 

The Coulomb Friction Damper is constructed by modifying a standard hydraulic 
shock absorber. 

This work was done by Walter T. 
Appleberry of Rockwell International 
Corp. for Johnson Space Center_ For 

further information, Circle 44 on the 
TSP Request Card. 
MSC-20179 

Inserts Automatically Lubricate Ball Bearings 
Small inserts in the ball pockets provide 
a steady supply of lubricant. 

Marshall Space Flight Center, Alabama 

Inserts on the ball-separator ring of 
ball bearings will provide a continuous 
film of lubricant on the ball surfaces. 
Developed for hard-to-Iubricate turbo­
pumps for cryogenic liquids, the yet-to­
be-tested technique could be utilized on 
equipment for which maintenance is 
often poor and lubrication interval is 
uncertain - household appliances, 
automobiles, and marine engines, for 
example. 

The inserts are made from a material 
high in molybdenum disulfide and 
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poly(tetrafluoroethylene) content -
both solid lubricating agents. The ball 
pockets in a separator are elongated in 
the circumferential direction by machin­
ing. An insert is then snapped into elon­
gations on two adjacent pockets, bear­
ing against the inside surface of the 
separator (see figure). Lips on the insert 
hook over the outside surface of the 
separator, thereby holding the insert in 
place. When all inserts are in position 

Ball Bearings Are Lubricated by small in­
serts of a material rich in molybdenum 
disulfide and poly(tetrafluoroethylene). 
The inserts can be machined or molded. 
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on the separator, all ball pockets are 
circular. 

In operation, the balls rub against the 
inserts as they turn. They thus pick up a 

Locking Nut and Bolt 
Threaded fastener resists 
strong loosening forces. 

film of lubricant, which they transfer to 
the bearing races. 

This work was done by J. A. Hager of 
Rockwell International Corp. for Mar· 

Marshall Space Flight Center, Alabama 

NUT 

shall Space Flight Center. No further 
documentation is available. 
MFS-19727 

UNASSEM8LED PARTS L~A 
SECTlONA·A 

Bolt, Nut, and Key are joined together so that the key occupies ali ned slots in bolt and nut and prevents the nut from rotating off the 
bolt 

A new threaded fastener locks parts 
securely together despite large loos­
ening torques, even under conditions of 
high temperature and vibration. The 
positive locking action is suitable for 
use where conventional fasteners tend 
to work loose - for example, on high­
speed rotating machinery. 

The fastener consists of a bolt, a key, 
and a nut containing an inner annulus 
(see figure). Longitudinal slots are 

machined in the external surface of the 
bolt and in the internal surface of the 
nut. 

In installation, the nut is screwed on 
the bolt and tightened to the required 
torque. The nut is rotated farther until 
one of its slots is alined with the nearest 
slot in the bolt. Three slots in the bolt 
and four in the nut allow for easy aline­
ment. The key is inserted in the alined 

Ferrofluid Would Seal Linear-Motion Valve 
A magnetic fluid would seal 
against pressure or vacuum. 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed valve would employ a 
ferrofluid to make a tight seal. The seal 
would require no precisely machined 
parts, and hand lapping of valve seats 
would be unnecessary. [Ferrofluids 
have low vapor pressure - about 
1 x 10-8 torr (10-6 N/m2). They can 
therefore be used in low and moderate 
vacuum.] 
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The valve consists of a hollow shaft 
with magnetically soft sheaths that can 
slide through a ring magnet with annular 
pole pieces (see figure). In its open posi­
tion, the shaft carries gas, liquid, or 
vacuum through its hollow core. In its 
closed poSition, both ports on the shaft 
are on the same side of the wall, so that 
the hole in the wall is sealed. 

slots and bent into the nut annulus. The 
bolt and nut are then locked together by 
the key - one cannot move in relation 
to the other. The assembly can be 
separated only by cutting away the nut. 

This work was done by Ray Bishop of 
Rockwell International Corp. for Mar· 
shall Space Flight Center. No further 
documentation is available. 
MFS-19687 

A ferrofluid - a magnetic liquid - is 
held in place around the shaft by the ring 
magnet. The ferrofluid fills the void be­
tween the shaft and the pole piece in the 
chamber wall , providing a tight seal 
against vacuum or high pressure. The 
shaft should be made of a nonmagnetic 
material so that it does not continually 
wipe away ferrofluid as it is opened and 

(continued on next page) 
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Magnetic Fluid Fills the Gap between a shaft and an annular pole piece in a chamber 
wall. A precise shaft fit is not necessary. 

Portable Pipe Wrapper 
Device controls tension 
and wrap angle. 

John F. Kennedy Space Center, Florida 

A new tool applies fragile layered in­
sulation to cryogenic tubing. It has been 
used routinely to apply two layers of 
fiberglass and one of aluminum foil on 
pipe used as the inner line in vacuum 
jacketed cryogenic plumbing. Applying 
the layers one at a time by hand had pro­
ved to be too delicate and time consum­
ing a task: The insulation tend~d to tear 
when handled with gloves (required to 
avoid contamination), and the layers 
were difficult to apply uniformly. 

closed. An inexpensive molded plastic 
should serve well. 

More than one ferrofluid seal can be 
used on a shaft. It can then be used as a 
multiple·position switching valve in a 
plumbing system. 

This work was done by Joseph A. 
Chandler of Johnson Space Center. 
For further information, Circle 45 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Johnson Space Center [see page AS]. 
Refer to MSC-20148. 

The new portable pipe wrapper (see 
figure) has three freely revolving drums 
that hold the wrapping material. They 
are mounted on a four-wheeled cart that 
is pushed along the pipe as wrapping 
proceeds. The pipe is held in a turntable 
that turns like a lathe. As the pipe turns, it 
pulls the wrappings off the rolls and onto 
the pipe in tight, even layers. An ad­
justable arm on the wrapper controls the 
angle of wrap. There is no handling of 
the wrapping material except at the start 
and end of the wrap. 

The wrapper is easy to use and is 
made from inexpensive, readily avail­
able parts. It can be wheeled to what­
ever location is convenient for wrapping 

The Portable Pipe Wrapper is rolled along parallel to the pipe as the wrappings are ap­
plied. The control arm can be adjusted to control the angle of wrap. 
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the pipe. The wrapper should prove 
useful in applying thermal insulation to 
hot-water pipes and refrigerant-distri­
bution lines. A similar tool could be used 
to wrap electrical insulation. 

This work was done by Gale B. Dennis 
of Boeing Services International for 
Kennedy Space Center. No further 
documentation is available. 
KSC-11244 
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Tubing Cutter Is Activated Hydraulically 
A hydraulic cutter deactivates aircraft 
ejection seats in rescue operations. 

Langley Research Center, Hampton, Virginia 

The hydraulically powered tool shown 
in the figure severs tubing and cable in 
areas where accessibility is limited. The 
cutter jaws are attached to one end of a 
flexible "gooseneck" extension and are 
closed by a hydraulic piston when the 
operator squeezes the handle grip. The 
jaws are released by:'flipping an on/off 
lever. The double·jawed cutters cut out a 
complete section of tubing. 

The cutter was originally intended for 
use by fire/crash crews to deactivate air· 
craft ejection seats during rescue 
operations. In that application, the cutter 
severs the pressure supply lines to the 
ejector. The cutter has potential as a 
flight·line tool and can also be useful in 
automobile and fire rescue work. 

A manually-operated cutting tool was 
utilized prior to use of the hydraulic cut­
ter. The manual tool has long handles, 
which are necessary to provide suffi­
cient torque to the cutting jaws. The use 
of both hands is required for operation. 

The Hydraulically-Actuated Tubing Cutter severs the tubing when the operator squeezes 
the handle grip. The "gooseneck" extension enables the cutter to be used In areas where 
accessibility is limited. 

In contrast, the hydraulic tool 
employs a trigger-grip handle that can 

Books and Reports 

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

Light, Compact Pumper 
for Harbor Fires 

Aerospace technology is 
utilized in a transportable, 
powerful unit. 

A recent report describes the devel­
opment of a new transportable water­
pumping unit for firefighting. The com­
pact, self-contained unit provides fire 
protection at coastal and inland ports 
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be operated easily with one hand. Its 
gooseneck frame is flexible and can be 
manipulated so that tubing can be cut in 
a cramped location. 

and is lighter than a standard firetruck 
pumper of the same capacity. [The 
same report was made available to 
readers requesting further information 
on " Mobile Firefighting Module," the 
technology illustrated on the cover of 
NASA Tech Briefs, Vol. 6, No. 3, Falll 
Winter 1981 .] 

A prototype model has been delivered 
to the U.S. Coast Guard, and an im­
proved model has been delivered to the 
U.S. Maritime Administration. Incor­
porating aerospace technology and 
materials, the unit is a skid-mounted gas 
turbine and pump that delivers up to 
2,500 gal/min (9,500 liters/min) of water 
at a discharge pressure of 150 Ib/in.2 
(1 MPa). The water source can be any 
open stretch of freshwater or saltwater 
or a high-capacity fire hydrant. The unit 
primes itself and can draft water to a 
height up to 20 feet (6.1 meters) above 
the sea or river surface. It can operate 

This work was done by Dwight G. 
McSmith and James I. Richardson of 
Langley Research Center. No further 
documentation is available. 
LAR-12786 

for 4 hours at maximum flow without 
refueling. It measures 4 by 5.4 by 
6.8 feet (1 .22 by 1.65 by 2.07 meters) 0 
and weighs 1,600 Ib (726 kg) dry. 

When the unit is delivered at a fire 
site, an operator drops the suction hose 
into the water and pushes the start but­
ton. The starterlgenerator spins the 
engine to 15 percent rated speed, at 
which point ignition occurs. The engine 
acceierates to 60 percent speed. The 
operator pushes the prime button, and 
the unit automatically primes itself. 
Atmospheric pressure on the river or 
sea surface forces water up the suction 
hose. The unit begins pumping water 
through the discharge hose and water 
cannons. 

The operator can then set the 
discharge pressure, and the unit con­
troller will automatically maintain that 
level. Thus, If a discharge line valve is 

(continued on next page) 
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opened or closed, the controller will 
change the engine power to maintain 
the original pressure setting. Alternative­
ly, the operator can manually set the 
speed. 

The primary structural element is the 
fuel tank, which contains longitudinal 
stiffeners that also serve as forklift tun­
nels. Each corner of the tank holds a 
shock-mounted skid. The engine and 
pump are integrally mounted on a light­
weight frame that is bolted to the fuel 
tank. A firewall separates the engine 
combustion chamber from the pump. 

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

Rotating-Machinery 
Critical Speeds 

Solutions are obtained 
assuming motion in one 
plane. 

A computer program available from 
COSMIC provides quick, efficient, and 
accurate results in support of pre­
liminary and proposed rotating-ma­
chinery designs. Advanced rotating-ma­
chinery design is an iterative process in 
the early stages of development. With 
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The engine gearbox, fuel control , 
starterlgenerator, exhaust ducts, prim­
er, oil cooler, air eductor, oil pump, 
pump discharge line, and check valve 
are in the combustion-chamber section. 
The engine compressor, inlet filters, 
pump shock mounts, oil reservoirs, bat­
tery, and emergency internal-fire-extin­
guisher bottle are in the pump section. 

The unit can be operated from a river­
bank, light truck, trailer, dock, barge, or 
boat. It can be transported by truck, 
trailer, boat, forklift , or helicopter. It can 
be used to fight fires in harbors, cities, 

the higher-ope rating-speed require­
ments of these flexible rotor designs, the 
rotor dynamic analysis becomes more 
important. Location of the critical 
speeds is not only important from a 
resonant-response standpoint but also 
for stability considerations. 

To support the designer in the 
iterative, conceptual deSign phase, the 
critical speeds and mode shapes must 
be accurately calculated. With the com­
plexity of modern rotors, an accurate 
hand calculation is not practical, and a 
full finite-element model analysiS can be 
expensive and time consuming. This 
new program provides timely, critical­
speed calculations to support pre­
liminary rotating-machinery designs. 

The analysis develops a model from 
data files that represents the stiffness 
and mass properties of the rotating 
assembly. The critical-speeds problem 
is solved by assuming motion in one 
plane. Each joint has a translational and 
rotational degree of freedom; no axial 

forests, refineries, chemical plants, and 
offshore drilling platforms. Other possi­
ble applications include cleaning up 
oilspills, pumping out ships, and flood­
control pumping. 

This work was done by Ralph A. Burns 
of Marshall Space Flight Center. To 
obtain a copy of the report, Cir­
cle 46 on the TSP Request card. 

Inquiries concerning rights for the 
commercial use of the invention de­
scribed in the report should be address­
ed to the Patent Counsel, Marshall 
Space Flight Center [see page A5J. Refer 
to MFS-25784. 

motion is assumed. Bearings are mod­
eled as radial linear springs to ground, 
and a moment spring may also be 
added. Typically, critical speeds are 
calculated by a parametric study that in­
cludes gyroscopic motion effects for a 
wide range of bearing stiffnesses. Out­
put includes plots of rotor modes at 
critical speeds and of critical speed ver­
sus bearing stiffness. 

This program is written in FORTRAN V 
for batch execution and has been im­
plemented on a UNIVAC 1100-series 
computer with a central memory re­
quirement of approximately 40K of 
32-bit words. Plotted output is generated 
for the Tektronix 4014 graphics terminal. 
This program was developed in 1980. 

This program was written by R. F. 
Beatty, A. L. Mowers, and E. Mogi/ of 
Rockwell International Corp. for Mar· 
shall Space Flight Center. For further 
information, Circle L on the COSMIC 
Request card. 
MFS-19669 
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Process Yields Strong, Void-Free Laminates 
An accurate, reproducible fabrication process 
produces composites of consistent quality. 

Langley Research Center, Hampton, Virginia 

The Laminate Assembly, with vacuum ports and thermocouples installed, is placed in an autoclave and cured at 332 0 C (630 0 F) 
maximum temperature, 30 inches (76 cm) of Hg vacuum, and 200 ksi (1 .4 GPa) pressure. 

The need for lightweight materials as 
structural components for future space 
transportation systems has stimulated 
the development of a systematic meth· 
od for manufacturing a polyimide/gra· 
phite composite. Laminates manufac­
tured by this process are void-free, ex­
hibit excellent thermo-oxidative stability 
up to 315° C (600° F), and are 40 per­
cent lighter than aluminum. The me­
chanical properties of this material at 
23 0 C (73 ° F) include ultimate tensile 
strength of 200 ksi (1.4 GPa), flexural 
strength of 250 ksi (1 .7 GPa), and inter­
laminar shear strength of 12 to 15 ksi 
(0.08 to 1.0 GPa).The process is precise 
and repeatable. It is ideally suited for re­
searchers and small-lot producers of 
composite materials. 

The composite material consists of an 
LARC-160 polyimide resin matrix rein­
forced with graphite fibers. The resin 
system is formulated to a molecular 
weight of 1,600 with ethyl alcohol as the 
solvent. Other monomers in the resin 
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are 5-norborene-2, 3-dicarboxylic anhy­
dride (NA), 3,3' ,4,4' -benzophenonetetra­
carboxylic acid dian hydride (STDA), and 
polymethylene polyphenylamine. Polym­
erization occurs in situ in the range of 
273 0 C (525 0 F) to 329 0 C (625 0 F). 

Prepreg material of LARC-160/graph­
ite for laminates is produced on a drum 
winding machine. The prepreg is cut to 
the desired size and fiber direction and 
stacked for " S" -stage consolidation 
after which the " S" -staged laminate is 
cured and evaluated for material integri­
ty. Tack and drape are controlled by 
carefully drying to remove volatiles. The 
ratio of graphite to resin in the final 
cured laminate can be precisely con­
trolled by resin-formulation and pre­
pregging-parameter adjustments. The 
optimum parameters are fiber weight 
percent ,51 ; res in sol ids we ight 
percent,44; and volatiles weight per­
cent,5. The prepreg material is stored in 
polyethylene bags at 17.78 0 C (0 0 F)-

an environment in which it {Tlaintains an 
indefinite shelf life. Prep reg containing 
LARC-160 with a formulated molecular 
weight of 1,600 and 60 percent resin 
solids by weight produces a laminate 
with an average ply thickness of 7 mils 
(0.003 cm), a fiber weight percent of 60, 
and a resin weight percent of 40. 

Laminates (see photograph) are 
made with temperature pressure cycles 
that include a " S" -staging at 232 0 C 
(450 0 F) and 28 inches (71 em) of Hg 
vacuum, a cure cycle at 332 0 C (630° F) 
and 30 inches (76 cm) of Hg vacuum, 
and cooling to 65.6° C (150 0 F) or less 
before releasing vacuum. 

This work was done by Leland E. 
Bryant, Edward W. Covington III. Walter 
J. Dale, E. Thomas Hall, Jr., James E. 
Justice, Edward C. Taylor. and Maywood 
L. Wilson of Langley Research Center. 
For further information, Circle 47 on 
the TSP Request card. 
LAR-12982 
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Fabrication of a Precise Microwave Reflector 
Machined reflector elements are assembled 
on graphite/epoxy supports. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A new antenna reflector integrates 
several fabrication techniques of optical 
and composite constraining materials. 
One of the most critical components in a 
new radiometer, the reflector must have 
a precise spherical configuration and 
must be thermally stable over a very 
wide temperature range. 

The reflector is composed of 
machined aluminum reflector tiles at­
tached to a graphite/epoxy structure 
with aluminum flexures (see figure). To 
obtain sufficient efficiency at the 
2oo-GHz operating frequency, a surface 
accuracy of ± 0.5 mil (0.0127 mm) 
from a 6-m-radius best-fit sphere is 
necessary. The tiles, which are about 
5 ~-by-5 ~-by- ~-inch (13.3-by-13 .3-
by-0.6-cm) squares, are edge-clamped 
in aluminum surrounds and fly-cut to 
the desired spherical configuration. 
Then they are polished to a specular sur­
face with an optical finish of 4 to 10 in­
terference fringes. 

The tiles are held by wax on a large 
aluminum tooling piece of 6-m spherical 
radius and maintained in that configura­
tion until bonded to graphite/epoxy com­
posite structure. The assembled struc­
ture is covered with an electroless cop­
per and nickel flash coat and then 
sealed with a eutectic metal. 

Aluminum Reflector Tiles are supported by a network of beams. Excepting the fasteners, 
the support structure Is composed of lightweight graphite/epoxy composite. 

The fabricated optical figure is 
evaluated by using the specular reflec­
tive surface of the tiles to perform a Ron­
chi test. Distortion is measured in a 

vacuum chamber. Heat and cold are ap­
plied during the tests. 

This work was done by Jerome L. 
Bauer and Eugene W. Noller, of Caltech 

Curing of Furfuryl Alcohol-Impregnated Parts 
A longer cure and improved quality 
control prevent delaminations. 

Lyndon B. Johnson Space Center, Houston, Texas 

A delamination problem in reinforced 
carbon/carbon parts impregnated with 
oxalic acid-catalyzed furfuryl alcohol is 
overcome by instituting two additional 
quality-control tests on the alcohol and 
by changing the curing conditions. The 
delamination had occurred following 

204 

autoclave curing of the catalyzed fur­
furyl alcohol. 

It had been assumed that monitoring 
alcohol viscosity would suffice as a 
quality-control check, but from time to 
time, the impregnating solution devel­
oped a froth that interfered with the im-

for NASA's Jet Propulsion Labora· 
tory. For further information, Cir­
cle 48 on the TSP Request Card. 
NPO-15377 

pregnating process, even though vis­
cosity was proper. 

Differential scanning calorimetric 
(DSC) tests show a rapid, sharp ex­
otherm at 293 0 F (145 0 C) as well as a 
broad exotherm extending beyond 
400 0 F (204 0 C). It was concluded that 
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the previous 1-hour cure at 290 0 F 
(143 0 C) was insufficient and that 
postcuring to 400 0 F at ambient pres­
sure could also release moisture (as a 
byproduct of the curing reacton), caus, 
ing delamination in thick regions of the 
parts being fabricated. 

As a result of the investigation, the 
added alcohol quality-control tests are 
as follows: 
- Alcohol in production use is tested 
weekly for water content. Water con-

tent must remain below 9.5 percent. 
- DSC tests used to check the exother­
mic reaction characteristics of the im· 
pregnating solution. The exotherm 
must be strong. 
The revised curing cycle calls for at 

least 2 hours at 300· ± 10 0 F (149 0 ± 
6 0 C) followed by cooling to 175 0 F 
(80 0 C) under autoclave pressure. The 
extended cure drives the slower reaction 
nearer to completion. Since instituting 

High-Temperature Filler for Tile Gaps 
Procedure using ceramic fabric can 
be used in kilns and furnaces. 

Lyndon B. Johnson Space Center, Houston, Texas 

Gaps between ceramic tiles can be 
filled with ceramic·coated fabric that 
withstands temperatures as high as 
2,400 0 F (1,300 0 C). The caulking proce· 
dure with this material supplements ex­
isting gap fillers between surface insula­
tion tiles on the Space Shuttle; it saves 
time by permitting the repair of fillings 
already in place, without the need to 
remove, rework, or replace them. High­
temperature liners in kilns, furnaces, 
and other applications of heat-resistant 
insulation can also be caulked by this 
technique. 

The ceramic fabric used for the gap­
filler shim has a thickness of either 0.012 
or 0.040 inch (0.3 or 1.0 mm). It is 
mounted in a metal frame and sprayed 
with colloidal silica, then sprayed with 
ceramic coating, and dried. It is then cut 
to size for the gap and inserted in place. 
Finally, ifis bonded in place with a room­
temperature-vulcanizing (RTV) adhe· 
sive, as indicated in the figure. 

These gap fillers maintain the re­
quired pressure against the sidewalls of 
the tiles, are fiexible, and can withstand 
airloads and high·temperature exposure 
for repeated missions. 

This work was done by Jack W. 

INSERT GAP FILLER. 
AND BOND TO 

FILLER BAR WITH 
RTV ADHESIVE 

these changes, no part delaminations 
have occurred. 

This work was done by James W. 
Lawton and Thomas H. Brayden of 
Vought Corp. for Johnson Space 
Center. No further documentation is 
available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Johnson Space Center [see page AS]. 
Refer to MSC·20224. 

REUSABLE CERAMIC 
GAP FILLER 

Holt and David S. Wang of Rockwell/n­
ternational Corp. for Johnson Space 
Center. For further information, Cir· 
c/e 49 on the TSP Request Card. 
MSC-20137 

The High·Temperature Gap Filler Is reusable. It Is made of fabric coated with a ceramic 
slurry and bonded In place with room·temperature-vulcanized adhesive. 
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Pressure Assist Makes Coating More Reliable 
Pressurization forces silicone resin into 
the pores of an anodized surface. 

Lyndon B. Johnson Space Ce'nter, Houston, Texas 

These Two Views show the post holder being inserted into the carrousel (left) and the post-holder assembly being inserted into the 
pressure vessel (right), The carrousel holds up to 12 switch contacts, 

Designers of the Space Shuttle 
S-band communications system have 
found a new use for an old idea - apply­
ing pressure to improve the bond be­
tween a viscous coating and a porous 
surface, In the Shuttle hardware, its new 
use is to increase the reliability of resin­
coated anodized switch contacts. 

The contacts used in the S-band 
switch assembly have a nickel-plated 
base, which must remain resin-free so 
that it can be soldered, and an anodized 
aluminum top contact, which is coated 
with silicone resin . The resin must com­
pletely fill the pores of the anodized sur-

face. If not, the resin can flake off after it 
is put in service. 

As shown in the photograph at the left 
of the figure, the switch contact is held in 
a post holder, such that only the anod­
ized portion of the contact is exposed. 
Up to a dozen post holders can be held 
in the carrousel. 

At the right of the figure, the post­
holder assembly is shown being inserted 
into the pressure vessel. Prior to inser­
tion, the carrousel well is filled with 
silicone resin. When the post-holder 
assembly is in place, the pressure 
vessel is closed and sealed. 

Multiple-Panel Cylindrical Solar Concentrator 
Multipanel trough reflector does not require 
precise orientation toward Sun . 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A solar concentrator composed of 
many flat-plate mirrors is efficient even 
when pointing away from the Sun by as 
much as 50. Its concentration ratio is 10 
or more with a relatively-small reflector 
area. 
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The concentrator is designed to back­
light an array of photovoltaic cells; that 
is, to illuminate solar cells pointing 
toward the concentrator rather than 
toward the Sun (see figure). Unlike or­
dinary backlit concentrators, which 

The vessel is then evacuated to 
25 inches (63.5 cm) of mercury for 3 to 5 
minutes, Dry nitrogen gas is applied at 
160 psi (1 .10X106 MPa) for 3 to 5 min­
utes through a top fitting . After pressure 
is released, the carrousel is removed. 
The contacts are removed, and any ex­
cess coating is wicked off. The coating is 
cured, and subsequent coatings are 
hand-dipped and wiped, 

This work was done by A. Warren 
Berg of Teledyne Microwave for 
Johnson Space Center. No further 
documentation is available. 
MSC-20210 

employ parabolically curved reflectors, 
the multiple·flat-plate concentrator does 
not dramatically lose its effectiveness 
when it is slightly out of alinement with 
the Sun. 
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The 'plates are arranged in a trough, 
the cross section of which approximates 
a parabola. The angles between plates, 
the width of the plates, and the distance 
from the solar·cell array to the plate are 
determined from equations that relate 
these quantities, the solar·array width, 
the pointing accuracy, and the concen· 
tration ratio. For example, for a pointing 
accuracy of 1 0 and a concentration ratio 
of 16, the area ratio (concentrator area 
to solar·array area) varies from 31 to 
28.39 as the H/L ratio (array width to ar· 
ray/concentrator separation) is varied 
from 9 to 14. 

The multiple·flat·plate concentrator 
was originally developed for use in 
power sources on spacecraft . For ter· 
restrial applications, the multiple·flat· 
plate design offers potential cost reduc· 
tion and ease of fabrication. 

This work was done by Edwin M. 
Brown of Hughes Aircraft Co. for 
NASA's Jet Propulsion laboratory. 
For further information, Circle 50 on 
the TSP Request Card. 
NPO-15627 

A Trough Composed of Many Panels concentrates the Sun's energy on solar cells, even 
when the trough is not pointed directly at the Sun. It can tolerate a deviation as great as 
5° from the direction of the Sun. 

Conductive-Tape Substrate for Electroforming 
Metal tape has many uses 
in electroplating. 

Marshall Space Flight Center, Alabama 

Conductive tape is a versatile 
substrate for the electroforming of odd· 
shaped parts. Aluminum·foil tape has 
been used both as an electrical con· 
nection between two metal parts and 
as a substrate for electroforming a 
strong mechanical bond between the 
two parts (see figure). By using a double 
layer of tape adhesive·to·adhesive, 
electrical continuity can be established 
whether or not the tape available has a 
conductive adhesive. 

Copper and aluminum conductive 
tapes are available commercially. 
When high dimensional precision is not 
required, such tape can serve as an 
electrical conductor, as a fastener, and 
as a rigid surface on which to elec· 
troplate. The tape can be quickly 
fashioned into the desired shapes with 
ordinary scissors. 

Other uses of such tapes include: 
-Taping a wire to a part to be plated, 
thus avoiding the need for a special 
clamp or fixture. and 
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COPPER 
ROD 

FOil SIDE OF ADHESIVE BONDS 
INNER TAPE TAPE TOGETHER 

CONNECTS ROD AND PLATE 
ELECTRICAllY 

An Electroformed Joint was made by electroplating a thick layer of metal on top of a 
double layer of alumlnum·foil adhesive tape. During the plating the tape connected the 
rod and plate both electrically and mechanically. 

- Using the mechanical strength of the 
tape to support a part during plating. 

This work was done by M. L. 
Cassidenti of Rockwell /nternational 

Corp. for Marshall Space Flight 
Center. No further documentation is 
available. 
MFS-19715 
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Plastic-Sealed Hybrid Power-Circuit Package 

Concept uses a plastic hermetically sealed package. 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed design for a hybrid high­
voltage power-circuit package uses a 
molded plastic for hermetic sealing in­
stead of a glass-to-metal seal. The new 
package would be used to house high­
voltage regulators and solid-state swit­
ches for applications in aircraft, electr:c 
automobiles, industrial equipment, sat­
ellites, solar-cell arrays, and other equip­
ment in extreme environments. 

The design shown in the figure could 
house four semiconductor chips, each 
0.25 inch (6.4 mm) square, dissipating 
40 watts to a heat sink. The package 
could operate at up to 1,000 Vdc in air or 
vacuum at temperatures from that of liq­
uid nitrogen up to 500 0 F (260 0 C). By 
modifying the package size, the design 
could be adapted for higher or lower 
power dissipation or to accommodate 
entire hybrid circuit chip assemblies 
comprising transistors, diodes, resis­
tors, or thryristors. 

The package consists of a copper 
heat-sink base, a plastic ring frame, and 
a cover plate. Gold-plated copper wire 
leads are molded into the sidewalls of 
the ring frame for stability and hermetic 
sealing. The ring frame is attached to the 
heat sink with pins. The pins are molded 
into the heat-sink base when the ring 
frame is molded onto it, forming a 
hermetic seal. After the hybrid circuits 
have been mounted in the package, the 
package cover is hermetically sealed in 
place with soft solder. To provide a 
soldering surface on the plastic, the in­
side edge of the cover and the top of the 
ring frame are plated with copper. 

The 90 0 bend in the molded-in leads 
prevents them from rotating and caus­
ing the package to leak under thermal or 
mechanical shock. Such shocks some­
times cause conventional metal- or 
ceramic-cased assemblies to fracture. 

The molded plastiC has been selected 
for its excellent dimensional stability, 
resistance to heat and radiation, and 
good mechanical strength. At 70 0 F 
(21 0 C) it absorbs or releases no more 
than 0.22 percent water with no chemi­
calor dimensional changes. 

The wire leads point away from the 
package base to allow direct connection 

208 

VIEW FROM BOTTOM, WITHOUT COVER 
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A Proposed Power Hybrid Circuit Package constructed mainly of molded plastic is 
hermetically sealed without the use of costly metal-to-glass seals. The mass of the 
package including the copper base is 31 .75 grams_ An equivalent glass-to-metal package 
in current use has a mass of 78.9 grams, while an all-copper package has a mass of 86.2 
grams. 

to a printed-wiring board. As an alter­
native, harness wires could be soldered 
to the leads if they were bent into hooks 
as is sometimes done with relay head­
ers. For printed-circuit-board mounting, 
the threaded attachment inserts in the 
corners could be deleted and the wire 
leads pointed in the direction of the 
package base. For good heat transfer, 
the package base could be attached to 
the heat sink with heat-conducting 
epoxy. 

This work was done by Wilson N. 
Miller and Ormal E. Gray of Rockwell 
International Corp. for Johnson Space 
Center_ For further information, Cir­
cle 51 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial de­
velopment should be addressed to the 
Patent Counsel, Johnson Space Center 
[see page AS]. Refer to MSC-20181. 
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Low-Cost Electrically-Heated Glass Panels 
Simple process converts reflective glass 
into electrically heated panels. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An inexpensive process converts ar­
chitectural reflective-coated glass into 
electrically heated panels. The techni­
que utilizes the reflective layer as a 
heating element and saves the produc­
tion costs of applying or embedding 
heating elements in ordinary glass. The 
resulting panels have many applica­
tions, including automobile windows, 
home-heating panels, temperature-con­
trolled windows or containers, and food­
warming trays. The glass can be main­
tained indefinitely at temperatures in ex­
cess of 100 0 C. 

EDGE VIEW 

Architectural reflective glass is usual­
ly made by coating clear glass with a 
metallic film that in turn is covered by a 
thin protective film. In the conversion 
process, an electric potential applied 
between two places on the film surface 
(see figure) breaks down the high-resist­
ance outer protective layer and brings 
the reflective film into electrical contact 
with electrodes on the surface. The 
reflective film can then be used as a 
resistance heating element while the 
protective layer still insulates it from the 
environment. 

Metallic or conductive-paint elec­
trode strips are applied to the reflective 
side and/or the edge of the glass. After 
curing, an ac variable voltage source is 
connected across the electrodes. 
Breakdown of the protective layer com­
mences with the application of a few 
volts and is completed at about 40 volts, 

c[,------ - -:l=-
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A Simple Process converts architectural reflective glass to electrically heated panels. 
Such glass is usually made by coating clear glass with a metallic film that in turn is 
covered by a thin protective film. Applying an ac voltage across the protective film causes 
it to break down, bringing the metallic reflective film in contact with external electrodes. 

when sparking between the electrode 
and the reflective film can be seen from 
the underside of the glass. After this, the 
heating panel can be operated stably at 
any voltage from zero to about 100 volts . 
The application of higher voltages or im­
mersion in water during operation will 
cause irreversible breakdown of the 

resistive film. Therefore, for some ap­
plications, the panels must be water­
proofed or sandwiched with clear glass. 

This work was done by Paul J. 
Shlichta and Bruce A. Nerad of NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 52 on the TSP Re­
quest Card. 
NPO-15753 

Process Sprays Uniform Plasma Coatings 
Multicomponent plasma coatings are applied 
without the segregation of components. 

Lewis Research Center, Cleveland, Ohio 

A composite-powder processing pro­
cedure has been developed along with 
plasma-spray parameters to achieve 
homogeneous, well-bonded, low-poros­
ity, self-lubricating coatings. The pur­
pose was to improve the compositional 
uniformity of the sprayed coating and to 
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obtain a process that could be used by 
vendor organizations in preparing and 
applying these powders and coatings. 
The coating was NASA-developed lubri­
cant PS 106, which has the nominal 
composition by weight of 35 silver, 35 
Nichrome, and 30 calcium fluoride. 

Previous methods for plasma-spray 
application of multicomponent coatings 
had been simply to premix powders of 
the various components and to place 
them in a hopper from which they were 
fed to the plasma torch and sprayed on­
to the surface to be coated. Another ap-

. (continued on next page) 
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proach had been to supply the different 
powders separately to the torch by 
means of a multifeed system. Mixing oc­
curred in the torch. 

The disadvantages of the prior meth­
ods are as follows: (1) Premixed pow­
ders of components with different densi­
ties tended to segregate when the pow­
ders were vibrated, when they flowed 
through the powder feedlines, and when 
they were sprayed. The fact that pow­
ders manufactured for plasma spraying 
are designed for easy flow and that 
often all the component powders are of 
about the same particle-size range only 
aggravated the segregation problem. 
(2) Using separate feeds for the various 
components tended to seriously com­
plicate the entire system, especially 
when more than two powder com­
ponents were involved. Also the feed 
rates of powders were difficult to control 
accurately over a period of time; 
therefore coating compositions were dif­
ficult to control by this approach . 

It appeared feasible to reduce segre­
gation of such powders by using varia-

tions in particle size or by the use of 
suitable binders. Mixtures of particle 
sizes promote agglomeration, and small 
particles may adhere to larger ones, 
creating a pseudocomposite particle. 
Such a " particle" might remain essen­
tially intact during the plasma-spraying 
process. Alternately, binders would be 
used to improve the between-particle 
strength of such particle aggregations. 
The object was to introduce sufficient 
binder to the particle-connecting necks 
to achieve maximum strength. 

There were two significant steps that 
minimized powder segregation and per­
mitted the coating to be plasma-sprayed 
onto a surface without segregation of 
the components: 
1. Very fine (typically 5-micrometer) par­

ticle-size powders of selected compo­
nents were mixed dry with coarser 
particles (typically 50 to 150 micro­
meters) of the other components. The 
very fine particles tended to adhere to 
the large particles and thus to reduce 
segregation. 

2. A small percentage (2 to 6 weight 
percent) of monoaluminum phosphate 

(MAP) aqueous concentrate was add­
ed to the powder along with sufficient 
additional water to form a stirrable 
slurry. Upon drying, the powder was in 
the form of a cake in which the par­
ticles were loosely held together with 
the MAP acting as a binder. The pow­
der cake was then broken and passed 
through a sieve. The sieved powders 
consisted of multicomponent aggre­
gate particles. The aggregate particles 
readily flowed through the plasma­
spray system and were sprayed with 
little or no tendency to segregate into 
the various components. 
This work was done by H. E. Sliney and 

T. P. Jacobson of Lewis Research 
Center and G. C. Walther and H. H. 
Nakamura of the liT Research Institute. 
Further information may be found in 
NASA CR-3163 [N79-28315/NSP], "Pro­
gram for Plasma-Sprayed Self-Lubri­
cating Coatings " [$10. SO]. A copy may be 
purchased [prepayment required] from 
the National Technical Information Ser­
vice, Springfield, Virginia 22161. 
LEW-13237 

Acoustic Methods Remove Bubbles From Liquids 
Sonic oscillation increases the surface area 
of bubbles and causes them to diSSipate. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
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Bubbles Coalesce at the acoustic nodes, 
which correspond to the succession of 
resonant frequencies excited in the 
acoustic resonance chamber, and move 
to the surface where they break up and 
dissipate. 
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Two acoustic methods can be applied 
to molten glass or other viscous liquids 
to remove bubbles. Bubbles are either 
absorbed or brought to the surface by 
applying a high-intensity sonic field at a 
resonant frequency. In one method, a 
swept frequency resonant to bubbles of 
various sizes is used; and in the second, 
several resonant modes in an acoustic 
chamber are applied. The methods 
could be applied to the production of 
molds and optical-quality glass. 

The first method reshapes the bub­
bles at their resonant frequency to in­
crease their exposed surfaces to new 
areas of the liquid and to induce liquid 
circulation around the bubbles, thus en­
couraging molecular absorption. The in­
tensity of the acoustic waves, which 

may be above 160 dB, depends on the 
density of the fluid. 

In the second method (see figure), the 
liquid is placed in an acoustic resonance 
chamber. A succession of resonant 
modes of the chamber is applied, from 
the higher order modes down to the fun­
damental. At each frequency, the bub­
bles migrate to the oscillation nodes; as 
the frequency is decreased, the number 
of nodes decreases, and the bubbles 
tend to coalesce. Eventually they are 
moved to the liquid/gas interface. 

This work was done by Eugene Trinh, 
Daniel D. Elleman, and Taylor G. Wang 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
Circle 53 on the TSP Request Card. 
NPO-15334 
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Improved Gloves for Firefighters 
New materials and constructions 
give better protection. 

Lyndon B. Johnson Space Center, Houston, Texas 

New firefighter's gloves are more 
flexible and more comfortable than pre­
vious designs. Since some firefighters 
prefer gloves made of composite mater­
ials while others prefer dip-coated 
gloves, both types were developed (see 
figure). The new gloves may also find 
uses in foundries, steelmills, and other 
plants where they can be substituted for 
asbestos gloves. 

An aramid fabric was selected as the 
material for the outer shell of the com­
posite glove because it is strong and re­
sistant to flame and heat. It is also flexi­
ble, dries rapidly, and retains its flexi­
bility after repeated wetting and drying. 
The palm side is a durable tightly woven 
twill. The back of the shell is a knit. 

For the liner, aramid felt was selected 
because it is puncture-resistant and 
thermally insulating. A neoprene film 4 to 
5 mils (0.10 to 0.13 millimeter) thick on 
the palm side of the liner helps to pre­
vent the rapid conduction of heat; the 
film is flexible and flame-retardant. 

Two Versions of New Firefighter's Gloves accommodate individual preference. The palm 
of the glove outer shell is a twill, and the back is a knit. A friction layer on the palm side of 
the dip-coated glove Improves the wearer's grip. 

Wristlets 4 inches (10 centimeters) 
long protect the wearer's wrists. A felt 
patch increases the protection on the 
palm side of the wristlet. 

For the dip-coated glove, the shell is 
coated with a yellow, flame-retardant 
neoprene layer. A friction layer on the 
palm side improves the wearer's grip. 
The yellow dip coating shields against 
radiant heat better than a dark-colored 
coating. 

The wristlet for the dip-coated glove 
consists of an aramid knit outer layer 
and a knit cotton underlayer. The under­
layer prevents penetration of the dip 

coating, which extends a short distance 
up the wristlet from the hand. A patch of 
aramid felt gives additional protection to 
the palm side of the wrist. 

Both types of gloves were tested for 
conformance to standards of the Na­
tional Institute for Occupational Safety 
and Health (NIOSH). Both met the cut­
resistance criterion - that is, they sus­
tained no cuts with a 16-pound 
(71-newton) load on a test blade. Punc­
ture tests were conducted on the palm 
side of the gloves. Both types provided 
almost double the recommended 
13.2-pound (59-newton) puncture 
resistance. 

The standards state that a glove 
should protect against the injury­
threshold temperature for 5 seconds. 
The composite glove exceeded the 

Explosive Joining for Nuclear-Reactor Repair 
A ribbon charge yields a joint with 
double the parent metal strength. 

Langley Research Center, Hampton, Virginia 

High radiation levels and crowded 
workspaces complicate the repair and 
replacement of fuel channels in nuclear 
reactors. Using an explosive joining 
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technique demonstrated at Langley Re­
search Center, however, the repairs are 
made remotely, resulting in a joint that is 
double the strength of the parent metal. 

threshold after 4.6 seconds. The dipped 
glove maintained a temperature well 
below threshold for 5 seconds. 

This work was done by Richard P. 
Tschirch, Kenneth R. Sidman, and ' 
Irving J. Arons of Arthur O. Uttle. Inc., 
for Johnson Space Center. Further in­
formation may be found in NASA 
CR-167572 [N82-77571INSPJ, "De­
velopment of Improved Firefighters' 
Gloves" [$9]. A copy may be purchased 
[prepayment required] from the National 
Technical Information Service, Spring­
field, Virginia 22161. 

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 
Patent Counsel, Johnson Space Center 
[see page AS]. Refer to MSC-20261. 

In the initial assembly of the reactor, 
each fuel channel (a total of 390) is man­
ually fusion-welded to a bellows as­
sembly (Figure 1) on the reactor face 

(continued on next page) 
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through a thin-walled low-carbon-steel 
adapter flange_ To remove each fuel 
channel, the fusion weld is severed, the 
fuel-channel plumbing disconnected, 
and the fuel channel disconnected from 
the end-plate fitting on the opposite 
reactor face. A new fuel-channel assem­
bly with adapter must be inserted into 
the bellows assembly and reinstalled. 

In the explosive joining technique, the 
adapter flange from the fuel channel is 
machined to incorporate a V-notch inter­
face, shown in Figure 2. The ribbon ex­
plosive, V2 inch (1.3 cm) in width, drives 
the V-notched wall of the adapter into 
the bellows assembly, producing an 
atomic-level metallurgical bond . A 
0.030-inch (0.08-cm) wall thickness for 
the adapter flange , driven by a 
30-grain/foot (0.63-gram/cm) explosive 
ribbon charge, yields a jOint with twice 
the bond area needed to achieve parent 
metal strength (a 200-percent joint). A 
machine surface of 64 rms yields 
200-percent-strength joints, but a 
32-rms finish is needed to achieve a 
hermetic seal. Degreasing is necessary; 
wet wiping with standard no-deposit 
solvents, such as alcohol or Freon, is 
sufficient. 

An acceptable but considerably 
weaker joint is made without the anvil­
ring supporting structure. The anvil ring 
prevents tube distortion, allowing more 
of the explosive energy to be utilized. An 
acceptable but weaker jOint was cre­
ated with a fuel-channel adapter flange 
undersized in diameter by 0.060 inch 
(0.15 cm). The joint is unaffected by heat 
loads from the reactor as demonstrated 
by 100 thermal shocks from 570 0 F 
(300 0 C) to ambient. 

Figure 1. The Reactor Bellows Assembly, approximately 8 inches (20.3 cm) inside 
diameter, includes interface to fuel-channel adapter flange. 

Figure 2. A Ribbon explosive drives V-notched adapter flange into the bellows assembly. 

This work was done by Laurence J. 
Bement of Langley Research Center 
and James W. Bailey of Kentron Interna-

tional. For further information, Cir­
cle 54 on the TSP Request card. 
LAR-12996 

Electrical Conduit Distributes Weld Gas Evenly 
Flexible conduit with small holes 
provides even weld-gas coverage. 

Marshall Space Flight Center, Alabama 

A purge-gas distributor, made from 
flexible electrical conduit by drilling 
small holes along its length, provides 
even gas flow for welding. The previous 
method was to drill a rigid tube. 

The drilled flexible conduit is inserted 
into the part being welded and lightly 
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pressurized with the purge gas. The 
escape holes plus the flexible jOints in 
the conduit distribute the purge gas 
evenly throughout the interior of the part 
being welded. 

The flexible conduit adjusts to accom­
modate almost any shape. It can be 

used for gas coverage in other appli­
cations that previously needed formed 
and drilled solid tubing. 

This work was done by D. P. Ambrisco 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. No further 
documentation is available. 
MFS-19665 
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Replaceable Sleeve Protects Welder Coil 
With a carbon insert, deflection coils 
last longer and are easier to maintain. 

Lyndon B. Johnson Space Center, Houston, Texas 

A Carbon Sleeve accepts metal·vapor 
deposits, thereby protecting the electron· . 
beam deflection coil. It is machined from 
carbon rod 1.500 inches (3.810 cm) in 
diameter to a length of 1.343 inches 
(34.11 mm), an inside diameter of 1.000 
inch (25.40 mm), and an outside diameter 
of 1.260 inches (32.00 mm). 

A new replaceable carbon insert for 
the deflection coil in an electron·beam 
welder promises to decrease mainte· 
nance costs. Inserts made from materi· 
als other than carbon (not yet tried) may 
be less expensive, thus reducing costs 
even further. 

During electron-beam welding, metal 
vapors condense on the inside wall of 
the deflection coil through which the 
electron beam passes. A metal film 
builds up gradually. If the metal is mag· 
netic, it interferes with the operation of 
the deflection coil, and the beam does 
not respond to commands as it should. 

The usual maintenance practice has 
been to overhaul the deflection coil reg· 
ularly, cleaning metal film from the in· 
side wall and recoating it with a pro· 
tective layer of colloidal graphite. After 
several such cleanings, the colloidal 
graphite no longer adheres, and the de· 
flection coil has to be discarded. 

The new insert is a cylindrical sleeve 
machined from carbon rod. The diame· 
ter is carefully controlled to assure a 
snug fit in the deflection coil. Since car· 
bon is nonmagnetic, the sleeve does not 
interfere with coil operation. 

The sleeve is much easier to clean 
than are conventional protective coat· 
ings. Metal deposits are brushed away, 
and the sleeve is then returned to 
service. 

The carbon sleeve Is in regular pro· 
duction use. It reduces welder downtime 
for coil cleaning and extends the useful 
life of deflection coils. 

This work was done by William L. 
Baker and Clifton E. Simpson of General 
Dynamics Corp. for Johnson Space 
Center. No further documentation is 
available. 
MSC-20236 

Transport and Installation of Fibrous Insulation 
Two methods preserve the fiber orientation 
before and during installation. 

Lyndon B. Johnson Space Center, Houston, Texas 

Two new techniques simplify the 
transport and installation of oriented· 
fiber thermal insulation. Other applica· 
tions involving oriented fibers or loose 
fillings might also be able to utilize the 
methods. 

It is necessary to fill spaces around 
the Space Shuttle reaction·control thrus· 
tors with insulation fibers in specific 
orientations. Each thrustor has to be 
wrapped with fibers able to withstand 
2,500 0 F (1 ,370 0 C) and having the pro­
per density so that the temperatures of 
thrustor components can be kept within 
safe limits. 
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In one installation method, layers of 
uncured phenolic·impregnated batting 
in various shapes are wound around a 
mold and then compressed to the reo 
quired density by a mandrel. The mold 
and insulation are then heated to 425 0 F 
(218 0 C) to cure and evaporate part of 
the binder. The insulation has the mini­
mum practical binder content - 4·1/2 
percent, just enough to prevent the parts 
from breaking up in transit. The rest of 
the binder is volatilized after installation, 
when the thrustor is heated to 600 0 F 
(316 0 C) for 48 hours. 

The second method uses no resin . In· 
stead, the insulation is compressed in a 
mold and saturated with water. The wet 
insulation is then frozen in the shipping 
container. After the frozen insulation is 
installed around the thrustor, it is heated 
until the water is driven off. 

This work was done by Sieg Borck, 
Frederick L. Falconer, and Raymond V. 
Loustau of The Marquardt Co. for John­
son Space Center. No further docu­
mentation is available. 
MSC-20074 
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InGaAsP CW Lasers on (110) InP Substrates 
Threshold current densities are below 
1,000 AJcm2 at room temperature. 

Langley Research Center, Hampton, Virginia 

Quality InGaAsP/lnP CW laser struc­
tures have been grown by conventional 
liquid-phase epitaxy on (110) InP sub­
strates without using special growth 
procedures. The low broad-area cur­
rent densities and 1.3-llm CW operation 
at room temperature indicate that InP/­
InGaAsP/lnP laser structures with char­
acteristics comparable to present 
state-of-the-art structures can be 
grown on the (110) InP substrates. 

Previous studies of liquid-phase epi­
taxyof InGaAsP alloy on (110) surfaces 
of III-V semiconductor substrates had 
shown layers containing nonwetting de­
fects and terracing. High-quality layers 
could be grown only after dissolving the 
substrate surface to a depth of 50 to 
100 11m and then growing a buffer layer 
of approximately 20 11m. 

InP wafers having (100) and (110) 
surfaces with similar doping and similar 
etch-pit densities were chemimechani­
cally polished, etched, and rinsed. 
Scanning electron microscopy of the 
two surfaces showed that the (110) sur­
face had fewer defects. 

Double-heterojunction laser struc­
tures were grown using liquid-phase 
epitaxy supercooling with a horizontal 
sliding boat. Stained cross sections of 
the samples were examined in an opti-
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The PowerlCurrent Characteristic of an 
oxide-stripe laser device at room 
temperature shows a threshold current 
of about 220 mA for contInuous-wave 
operation. 

cal microscope. The (110) surfaces 
were comparable to or slightly better 
than the (100) surfaces in physical 
appearance, including layer thickness 
and interface planarity. 

Improved surface quality and grown­
layer morphology are attributable to the 
nearly-perfect surface stoichiometry of 
the (110) surface [not available on (100) 

substrates], which makes available 
equal numbers of In and P deposition 
sites. Atoms in (110) surfaces form 
planar zigzag chains. Since these 
chains in a given surface layer are not 
bonded directly to each other , 
independent Single-atom nucleation is 
required for every chain in a new (110) 
surface layer, producing an inherent 
tendency toward the maintenance of 
surface planarity. This may improve the 
interface growth. 

Diodes prepared from the double­
heterojunction laser structures ex­
hibi!ed pulsed threshold current den­
sities as low as 970 Alcm2 at room 
temperature. Oxide-defined stripe-con­
tact lasers were fabricated by deposit­
ing Si02 onto the p-type cap and etch­
ing 12-llm-wide stripes perpendicular to 
the (110) cleavage plane, which is 
perpendicular to the substrate plane. 
Stripe devices exhibited continuous­
wave thresholds as low as 150 mA at 
room temperature (see figure). 

This work was done by Frank Z. 
Hawrylo of RCA Corp. for Langley 
Research Center. For further informa­
tion, Circle 55 on the TSP Request 
Card. 
LAR-12840 

Chemical Vapor Deposition of Germanium on Silicon 
Interface stresses are reduced during 
both growth and cooling periods. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Experimental work has shown that 

chemical vapor deposition (CVD) by 
pyrolysis of gaseous germanium tetra­
hydride provides epitaxial layers of ger­
manium on silicon. The relatively low 
temperature of the CVD process (500 0 

to 900 0 C) reduces stresses that occur 
at the layerlsubstrate interface during 
growth and cooling. These stresses are 
created by the mismatch, between the 
mechanical , thermal , and crystal­
lographic properties of germanium and 
silicon. The process is under develop­
ment; when refined, it could be used for 
fabricating germainium-on-silicon 
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photovoltaic surfaces of the preferred 
orientation toward Ge (111). 

The chernical-vapor-deposition sys­
tem consists of a vertical quartz reactor, 
an RF induction heater, and feedlines. 
Phosphorus-doped (111) silicon is 
degreased and chemically etched be­
fore being placed in the reactor. In the 
reactor, gaseous germanium tetra­
hydride (GeH4), which is diluted to 5 per­
cent by helium gas, decomposes into 
germanium and deposits on the silicon. 

To explore the effect of temperature 
on the deposits, a series of several 
30-minute depositions was made on dif-

ferent samples using the same carrier­
gas flow rate and GeH4-in-He concen­
tration; the temperatures ranged from 
537 0 to 897 0 C. From a crystallographic 
view, the quality of the low-growth­
temperature (537 0 C) deposits is the 
same as that of the medium (737 0 C) 
and high-temperature-growth (897 0 C 
deposits. 

This work was done by Herzl Aharoni 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 56 on the TSP Request Card. 
NPO-15565 
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CLEFT Process for GaAs Solar Cells 
Ultrathin solar cells are repeatedly grown 
on the same substrate. 

Lewis Research Center, Cleveland, Ohio 

Basically the CLEFT (cleavage of 
lateral epitaxial films for transfer) proc­
ess involves growing an ultrathin gallium 
arsenide {GaAs solar cell on a much 
thicker layer of the same material. The 
growth method is such that the com­
pleted solar cell is easily separated by 
cleaving from the much thicker sub­
strate. The resulting 10-micrometer­
thick cell is 90 percent thinner and 77 
percent lighter than the thinnest silicon 
solar cell . Furthermore, the thick sub· 
strate is reusable in making additional 
cells, which reduces cell material cost. 

The greatly-reduced material usage in 
the CLEFT process results in material 
costs for GaAs cells that are compar· 
able to the costs for silicon cells current­
ly used in space. Since GaAs cells are 
more efficient (18 percent) than silicon 
cells (14 percent) and also more 
radiation-resistant , the process will 
make GaAs cells more practical for 
space applications, as well as for uses 
here on Earth. 

The CLEFT process allows a drastic 
reduction in the usage of GaAs. This is 
important both as a method of reducing 
costs of these cells and reducing the 
usage of comparatively rare material. 
The reduction in material usage does 

The CLEFT process is a peeled-film 
technique, The basic idea of peeled-film 
technology is to grow a thin single­
crystal epilayer on a single-crystal mold, 
to separate the epilayer from the mold, 
and then to use the mold again. 

As a demonstration that the CLEFT 
process can be used to prepare multiple 
GaAs films, four CLEFT cycles using the 
same single-crystal GaAs substrate 
have been carried out. Four successive 
films of excellent quality were obtained, 
with thicknesses of 5, 10, 10. and 8 
micrometers. respectively. The area of 
each film is about 4 cm2, The films 
prepared and separated in this manner 
have been shown by Hall measure­
ments to be comparable in quality to 
conventional single-crystal chemical­
vapor-deposition (CVD) layers. 

Wipe Melt for InP Seed Substrate 
A new combination of elements leaves a 
smooth high-luster surface. 

Langley Research Center, Hampton, Virginia 

Indium phosphide (lnP) semiconduc­
tor substrates used as seed wafers for 
liquid-phase epitaxy growth tend to lose 
excessive amounts of phosphorus from 
the surface during the melt-homogeni­
zation portion of the growth cycle. The 
erosion of the surface due to disso­
ciation results in holes, cracks. indium 
(metal) spheres. and other unwanted ar­
tifacts. 

Methods previously used to eliminate 
or lessen the surface erosion include an 
InP cover wafer (used as a phosphorus 
source) and wipe melts of various 
elemental combinations. (A wipe melt is 
a liquid solution used to etch back or 
remove an acceptable amount of the 
surface and substrate material from the 
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seed wafer. The etch is done at a pre· 
determined temperature during the 
growth cycle before the substrate enters 
the semiconductor-layer growth solu­
tion.) Although somewhat acceptable. 
these methods have tended to be 
inconsistent. 

A new four-element wipe melt con­
taining indium (In). gallium (Ga). arsenic 
(As), and phosphorus (P) has consistent· 
Iy produced an acceptable morphology. 
The approximate proportion of each ele­
ment is 94.58 percent In, 4.49 percent 
As. 0.73 percent Ga. and 0.2 percent P. 
The weights of the components used in 
the wipe melt are: 4.4657 gin. 13.2 mg 
InP. 306.5 mg InAs. and 45.1 mg GaAs. 

not result in significant degradation in 
the high efficiency of GaAs cells. which 
is the major advantage over Si cells. It is 
expected that CLEFT cells, when fully 
developed. will achieve conversion effi­
ciencies as high as 20 percent with 
GaAs layers only 5 micrometers thick. 

If this goal can be achieved. the cost 
of GaAs material will no longer be the 
major obstacle for this material system. 
Furthermore, there 'should be enough 
Ga available for large-scale deployment 
of GaAs cells. 

This work was done by John C. C. 
Fan, carl 0. Bozler, and Robert W. 
McClelland of the Massacusetts In­
stitute of Technology for lewis Re· 
search Center. Further information 
may be found in " Thin-Film GaAs Solar 
Cells," Proceedings of the 15th IEEE 
Photo voltaic Specialists Conference. 
June 1981. pp. 666-672. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel. 
Lewis Research Center [see page AS]. 
Refer to LEW-13912. 

The seed substrate is pulled under the 
InGaAsP wipe melt at a temperature of 
650 0 C for approximately 15 to 60 
seconds. At 650 0 C the melt is under- • 
saturated with phosphorus, resulting in 
controlled dissolution of InP from the 
seed wafer surface. After pullthrough 
and meltback. the surface has a high 
smoothness and luster without the me-
niscus lines, exaggerated erosion, pits, 
and pearls that are characteristic of 
other wipe melts. In addition, the layer­
to·substrate interface structure is more 
planar and of better quality. 

This work was done by Frank Z. 
Hawrylo of RCA Corp. for langley 
Research Center. No further docu­
mentation is available. 
LAR-12912 
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High-Production Silicon-Ingot Slicer 
Spinning ingots would be 
cut in balanced pairs. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A new concept for slicing silicon in­
gots into wafers promises to increase 
production rates and to improve yields 
of good wafers, thereby reducing the 
cost of manufacturing silicon solar cells. 
In the proposed wafer slicer, a stack of 
ganged blades cuts a group of silicon in­
gots simultaneously. The blades cut 
horizontally while the ingots rotate about 
their vertical axes. Rotation of the ingots 
increases the net cutting speed and 
reduces by half the depth to which a 
blade must penetrate an ingot to sever a 
wafer . As a result, the production of 
wafers for a given run is higher, even for 
moderate or low blade-rotation speeds 
and feed rates. Lower speeds and rates 
should produce fewer broken wafers. 

Either inside-diameter or outside­
diameter blades may be used (Figure 1). 
Pairs of ingots are positioned sym­
metrically around the cutting edge. The 
opposing-pair arrangement helps to 
balance the forces on the blade, thereby 
reducing vibation, improving wafer 
quality, and further reducing wafer 
breakage. Four, six, eight, or more in­
gots may be cut simultaneously, pro­
vided that the number is made up of 
opposed pairs. 

The ingots are fed radially toward the 
center of rotation of the blade if cutting 
is done on the outside circumference of 
the blade and radially away from the 
center if cutting is done on an inside cir­
cumference. The rotation of the ingots 
about their vertical axes should be in the 
same sense as that of the cutting blade 
for outside cutting and in the opposite 
sense for inside cutting. 

The rotation greatly reduces the cut­
ting contact area. Since the contact 
pressure for effective cutting remains 
essentially unchanged, the reduced 
area makes it possible to slice a large 
number of wafers simultaneously with­
out imposing excessive loads on the 
machine. Similarly, the thrust applied to 
each ingot is not unduly large, and bend­
ing of the ingots - which are supported 
only by their upper ends - is reduced. 

A further advantage of ingot rotation 
is that it aids in the removal of debris. 
Silicon chips and abrasive particles 
quickly slide off the spinning wafer sur-
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Figure 1. As They are Rotated, ingots are fed against the cutting edge of a blade. The cut­
ti ng edge may be on either the inside or outside circumference of the blade. 

ROTATION AXIS 

---..----$-~-- #1 BLADE 

250 x 0.16-ln. 
(0.41·mm) SEPARATION 

4 In. (101 .6 mm) 

1 

i 
I 

I 
I 

r---~- #50 BLADE 

1"'""---- #100 BLADE 

t--~-- #150 BLADE 

t--~-- #200 BLADE 

t------ #250 BLADE 

Figure 2. Blade Edges are Staggered so that final severance proceeds in rapid succes­
sion rather than all at once. Blades shown here are part of a 250-blade stack. Each edge is 
displaced 0.004 inch (0.1 mm) from the blade below it, for a total displacement of 1 inch 
(25.4 mm) between the topmost and bottommost edges. 

face . A potential source of wafer dam­
age and blade wear is thus eliminated, 
and the flow of coolant over the cut is 
promoted. 

The stacked blades must handle the 
cut wafers properly to avoid damage. 
The wafers should leave each ingot from 
the bottom first in an upward progres­
sion. Therefore each blade should have 
a slightly different diameter from that of 
its neighbors (Figure 2). If slicing is done 
by the outside edge of the blade, the 
diameter of the lowest blade must be 
slightly larger than that of the blade im­
mediately above it, and so on up the 
stack. If cutting is done on the inside 

edge, the cutting hole in the lowest blade 
must be slightly smaller than the cutting 
hole in the blade just above it. 

The small cutting contact area, the 
slow feed rate, and the relatively-low 
rotational speed of the blades may mean 
that slicing an individual wafer takes a 
longer time with the new concept. 
However, the longer time is more than 
compensated by the large number of in­
gots that can be cut simultaneously. 

This work was done by Yu Shen Kuo 
of Caltech for NASA's Jet Propulsion 
Laboratory_ For further information, Cir­
cle 57 on the TSP Request Card. 
NPO-15483 
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Growing Silicon Ribbon Horizontally 
A faster growth rate is just one 
advantage over vertical drawing. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Horizontal growth of silicon ribbon 
offers several advantages over vertical 
growth. It woud be faster - possibly 1 to 
2 centimeters per second - and could 
be done without using drawing dies, a 
source of contamination in vertical 
growth. The horizontal process would 
naturally create a doping profile (de· 
creasing dopant concentration toward 
the top surface), and it lends itself to 
continuous removal of impurities from 
the silicon melt. 

In the proposed horizontal-growth 
process, a seed crystal is introduced 
into a crucible of molten silicon and with­
drawn horizontally, carrying with it a 
continuous ribbon of newly-solidified sin­
gle-crystal silicon (see figure). A long­
term goal is to pull ribbons 3 1/2 to 7 mils 
(0.09 to 0.18 millimeter) in thickness at 
rates of 1 to 2 centimeters per second. 
Such a high growth rate is possible 
because the horizontal orientation offers 
a relatively large area for the rejection of 
heat by radiation, forced or natural 
atmospheric convection , and by con­
duction and convection from the solidify­
ing ribbon to the liquid below it. In con­
trast, the heat-rejection area available 
for vertical growth is merely the cross­
sectional area of the ribbon. 

A Solid Ribbon of Silicon is pulled horizontally over the lip of a crucible. As heat leaves the 
silicon by radiation, conduction, and convection, the surface layer solidifies from the 
liquid. 

The meniscus under the moving rib­
bon at the crucible will leak slightly 
under certain conditions. If the leakage 
is carefully controlled, such spillover 
can be turned to advantage: It removes 
the impurity-laden top layer of the melt, 
preventing impurities from building up. 
The spilled silicon can be purified and 
recyled. 

The combined effects of thermal dif­
fusion in the solidifying ribbon and the 
convection induced in the melt by the 
horizontal ribbon motion result in a 
dopant-concentration gradient near the 
surface. As a result, the top (first-to­
grow) surface of the ribbon contains a 
minimum dopant concentration. The 
dopant density increases with distance 
below the top surface, reaching a max­
imum at the bottom (Iast-to-grow) sur­
face of the ribbon. The low/high-dopant 
distribution provides a built-in back-sur­
face field - a desirable feature be­
cause it makes solar cells more effi­
cient. The top, low-doped ribbon surface 
is used as the top of a solar cell. The 
lightly doped region forms a collecting 
junction that places the material with the 
highest recombination lifetime in the 
region of greatest solar-energy absorp­
tion. The heavily-doped bottom surface 

Meniscus Imaging for Crystal-Growth Control 
Anamorphic imaging and adjustable contrast 
help to monitor growth conditions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Silicon crystal growth is monitored by 
a new video system that reduces opera­
tor stress and improves the conditions 
for observation and control of the grow­
ing process. The system optics produce 

NASA Tech Briefs, Winter 1982 

greater magnification vertically than 
horizontally, so the entire meniscus and 
melt is viewed with high resolution in 
both the width and height dimensions. 

reduces the series resistance of the cell. 
To establish the utlimate horizontal­

drawing rates for high-quality silicon rib­
bon, seeded-growth behavior will have 
to be studied. The rate of surface growth 
at the leading edge appears to be the 
factor limiting the drawing rate. A vari­
able-flow jet of helium or argon gas at 
the leading growth edge may help; the 
jet will cool the solidifying ribbon more 
rapidly, thus allowing it to be pulled more 
quickly. 

[For a related article, see "Technique 
for Crystal-Ribbon Growth " (NPO-
15177) on page 93 of NASA Tech Briefs, 
Vol. 7, No. 1.] 

This work was done by John A. 
Zoutendyk of caltech for NASA's Jet 
Propulsion Laboratory. For further in­
formation, Circle 58 on the TSP Re­
quest card. 
NPO-14977 

The monitoring system can be used 
for many different crystal-growth proc­
esses and in particular for the capillary­
die process illustrated in the figure. Here 

(continued on next page) 
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a silicon ribbon crystal is grown for use 
in solar cells . The size of the ribbon is af­
fected by the pulling speed and growth­
interface temperature. 

The enhanced anamorphic meniscus 
image is displayed on a screen along 
with control data so that the growth 
process is observed by the operator with 
a minimum of fatigue and reaction time. 
The operator manipulates the circuitry 
to produce the desired control voltages 
in response to the displayed information. 

The operator can also select auto­
matic control : Voltages derived from 
digital processing of the image are ap­
plied to a servocontrol system that regu­
lates heater currents or pulling speed. 
For example, the average intensity of 
the enhanced-contrast processed im­
age is automatically computed over a 
window that includes the crystal/me­
niscus interface. As the interface moves 
up or down, the average intensity in the 
window increases or decreases above 
or below a reference intensity level that 
corresponds to the desired position. The 
difference between the average and 
reference levels produces an error 
signal that is used to alter the pulling rate 
or heater current. 

This work was done by Emanual M. 
Sachs of Mobil Tyco Solar Energy Corp. 
for NASA's Jet Propulsion Labora· 
tory. For further information, Cir­
cle 59 on the TSP Request Card. 
NPO-15349 

ANAMORPHIC 
OPTICS 

MELT 

PULLING 
MECHANISM 

Monitoring Crystal Growth is easier and more effective with this video imaging and con­
trol system than with earlier systems employing microscopes and separate control elec­
tronics. The camera produces an image on a display screen, and operator-directed cir­
cuits for measurement and control adjust crystal-growth parameters. 

Preventing Freezeup In Silicon Ribbon Growth 
Profiled heat extractor prevents ribbon 
ends from solidifying prematurely. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

OLD 

NEW 

Dimensions of New Cold Shoe are chosen to yield a nearly-zero lateral temperature gradient. New dimensions in centimeters are 
h1 =0.16, h2 = 0.08, t1 = 0.21 , t2 = 0.28,w1 ::: 0.75, and w2 = 0.39. 
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A carefully-shaped heat conductor 
helps to control the thermal gradients 
that are crucial to the growth of single­
crystal silicon sheets for solar cells. The 
ends of the die through which the silicon 
sheet is drawn as a ribbon from molten 
silicon must be held at a temperature 
only slightly above the solidification 
point of silicon. In older systems with 
poor temperature-gradient control oper­
ating near the freezing point, the ribbon 
often solidifies prematurely, freezing to 
the die at its ends. The ribbon breaks 
and must be restarted. 

Now, however, a " cold shoe" with 
contours that are specially shaped 

promises to solve the freezing problem. 
The cold shoe, which extracts heat from 
the ribbon as it emerges from the die 
(see figure) thus affords a further means 
of controlling the die-top temperature, in 
addition to the active control provided by 
die heaters and the passive control pro­
vided by the shape of the die itself. 
Whereas in previously-designed cold 
shoes, the distance h between the die 
top and the cold shoe and the height t of 
the flat face of the cold shoe are con­
stant, in the new profiled cold shoe, 
these dimensions are variable. 

With the profile dimensions indicated 
in the figure, the laterai temperature gra-

Variable-Position Acoustic Levitation 
Pressure amplitudes and frequencies are varied 
to change the equilibrium position. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
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dient in the ribbon disappeared, and the 
tendency of the emerging ribbon to 
freeze prematurely - at its ends before 
its center - therefore disappeared too. 
The ribbon grew smoothly at a rate of 
3 cm per minute with a uniformly high 
meniscus across its width and well­
developed stable ends. 

This work was done by Brian 
Mackintosh of Mobil Tyco Solar Energy 
Corp. for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 60 on the TSP Request Card. 
NPO-15294 
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SPHERE 

The Sphere Can Be Raised or Lowered to any position in the range Ll4 to Ll2 when the acoustic chamber is excited at its fundamental 
resonance frequency. When the chamber is excited at harmonics of the fundamental, additional variable·position zones are created. 

A method of acoustic levitation sup­
ports objects at positions other than the 
acoustic nodes. Acoustic force is varied 
so that it balances gravitational (or 
other) force, thereby maintaining an ob­
ject at any position within an equilibrium 
range. When the acoustic frequency is 
the fundamental resonance of the 
acoustic chamber, the equ ilibrium 
range is one-fourth of the chamber 
length (see figure). 

The levitation method is applicable to 
containerless processing. In a levitation 
furnace, for example, it could be used to 
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manipulate specimens without contact­
ing them, perhaps moving them through 
a temperature gradient. 

The acoustic levitation depends upon 
the sample height, z, and chamber ver­
tical length, L, according to a function 
that is proportional to sin(2nNz/L), where 
N = the order of the harmonic of the 
fundamental chamber frequency. In the 
fundamental mode (N = 1), the maxi­
mum upward acoustic force occurs at 
z = Ll4. Above this height, the lifting 
force decreases with increasing height 
(as with an object supported by a 

spring). When this maximum force is 
greater than or equal to the opposing 
force (gravity), a sample will levitate at or 
above the Ll4 poSition. Thus, Ll4 is the 
minimum height at which an object can 
be supported in equilibrium. Above Ll2, 
the force of gravity acts on the specimen 
in the same direction as the acoustic 
force, and further levitation is resisted. 

A specimen is placed in an acoustic 
chamber excited at its fundamental 
mode. The acoustic amplitude (and thus 
the acoustic force) is increased until it is 

(continued on next page) 
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just sufficient to hold the specimen at a 
height of Ll4. The acoustic amplitude is 
increased further until the sample rises 
to the desired position, anywhere be­
tween Ll4 and Ll2. Given the densities 
of the sample and gas medium, the equi­
librium position between these two 
points can be determined from the 
acoustic pressure. There are additional 
regions of equilibrium if the chamber is 

excited by harmonics of the fundamen­
tal frequency. 

A variable force such as an elec­
trostatic force can be substituted for 
gravity and used to vary the position of a 
levitated specimen. If the variable force 
can be both positive and negative, the 
zones of equilibrium will be extended to 
twice their size in a unidirectional field 
and will become continuous. 

Such objects as table-tennis balls, 
hollow plastic spheres, and balsa-wood 
spheres have been levitated in the 
laboratory by the new method. 

This work was done by Martin B. 
Barmatz, James D. Stoneburner, Nathan 
Jacobi, and Taylor G. Wang of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 61 on the 
TSP Request Card. 
NPO-15559 

Controlling the Rotation of Levitated Samples 

Levitation and rotation modes are separated, 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

In a proposed acoustic levitation sys­
tem, the separate excitation of different 
acoustic modes would independently 
levitate and control the rotation of the 
sample. Three independent axes of rota­
tion would be available, leading to rota­
tion of the levitated object about any 
other selected axis. 

Existing acoustic levitation systems 
use two degenerate (equal-frequency) 
fundamental acoustic modes for both 
sample levitation and rotation. Sample 
stability (nonrotation state) requires the 
degenerate mode frequencies to be ex­
actly inphase or out-of-phase. A phase 
difference gives rise to viscous torques 
that cause rotation [see "Viscous 
Torques on a Levitating Body" 
(NPO-15413), page 56, NASA Tech 
Briefs, Vol. 6, No. 1 (Spring 1981)]. How­
ever, these systems are not efficient if 
the intent is to control or to prevent the 
rotation of the sample during high-tem­
perature materials processing. 

In the proposed system, the sample is 
levitated by using nondegenerate funda­
mental frequencies that do not cause 
rotation. Rotation is introduced either by 
adjusting the chamber dimensions to 
produce higher-frequency degenerate 
normal modes or by exciting degenerate 
normal modes in a chamber with spe­
cific length ratios. 

As an example, consider the rectan­
gular chamber of the figure, with sides of 
length lx, Iy, and Iz. The frequency of the 
nx, ny, nz mode is given by 

fI(n)2 n 2 n 2

J
V2 

fnxnynz = ~ ~ fx + (~) + (~) 
where c = the speed of sound. 
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ADJUSTABLE 
WALL 

A Rectangular Chamber With at Least One Movable Wan exhibits different acoustic nor­
mal modes, depending upon the chosen wall position. The manner of selecting modes 
and frequencies is analogous to that of tunable waveguides or musical instruments. 

If Iyllx = 513 and Iz/ly = 517, then 
there are three pairs of degenerate 
n.)rmal modes; namely, f300 = f050, 
f700 = f005, and f070 = f003· These 
mode pairs produce torques about the z, 
y, and x axes, respectively. The torques 
depend on the amplitudes and relative 
phases of the two modes in the pairs. 

The net acoustic torque on a levitated 
object equals the vector sum of the 
acoustic torques applied by the mode 

pairs. If the three degenerate mode 
pairs are excited as in the above exam­
ple, the sample will rotate about an axis 
alined with the net torque, with a rota­
tional speed dependent on the magni­
tude of that torque. While the concept is 
most easily visualized for a chamber of 
rectangular cross section, it is appli­
cable to any of the common shapes 
employed for levitation chambers and 
tor which the normal modes are known. 
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The port through which a mode is ex­
cited must be positioned so as to feed 
energy maximally to that mode while 
minimizing the coupling to the other 
mode of the same frequency. The posi­
tion selected should simultaneously be 

an excitation node (pressure antinode) 
for the normal mode desired and an ex­
citation antinode (pressure node) for the 
corresponding degenerate mode that 
one is trying not to excite. 

This work was done by Martin B. 
Barmatz of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further infor­
mation, Circle 62 on the TSP Request 
Card. 
NPO-15522 

Repairing Loose Connector Pins 
Pins can be glued in place if a 
spring finger fails_ 

Lyndon B. Johnson Space Center, Houston, Texas 

The electrical serviceability of a 
damaged connector can sometimes be 
restored by bonding loose contacts to 
the connector insert with an adhesive. 
The procedure eliminates the time-con­
suming operations of completely remov­
ing and replacing the faulty electrical 
connector and then testing the affected 
wiring. 

A multi pin connector (shown in Figure 
1) that has removable contacts is widely 
used in large, integrated electronic 
systems because it simplifies the 
assembly of complex harnesses. Each 
removable contact is held in place by 
spring fingers that rest behind a 
shouldered section of the pin. Because 
the fingers are integral with the plastic 
insert of the connector, there is no way 
to replace or repair them if they become 
damaged. 

In the repair procedure, a hypodermic 
needle is used (see Figure 2) to apply an 
epoxy adhesive in and behind the cavity 
containing the damaged locking finger. 
The damaged connector does not have 
to be demated or removed from the 
harness to apply the epoxy. 

The epoxy used (Hysol EA956 , or 
equivalent) is relatively thick: It will 
neither flow past the pin to the front face 
of the connector to contaminate the 
contact, nor will it flow from the repair 
site after the needle is removed. The 
epoxy fills the space around the base of 
the contact to anchor it in position, 
resulting in a permanent repair. 

This work was done by William T. 
Dean 1/1 and Eugene J. Stringer of 
Rockwell International Corp . for 
Johnson Space Center. No further 
documentation is available. 
MSC-20374 
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LOCKING~ 
FINGER SECTION 0'·0 

CONNECTOR 

COUPLING RING 

PIN 

CONTACT (PI N) 

Figure 1. In this Electrical Connector (above) a contact pin is inserted and pushed into a 
spring-locking device to retain it in a secured position. In the two mated connectors 
(below) both contacts on the socket side are locked in by good locking devices. On the 
plug side, one pin contact is locked in by a good locking device, while the other pin con­
tact is pushed from its position because of a damaged locking device. 

a 

APPLICATION OF EPOXY COMPLETED REPAIR 

Figure 2. The Displaced Contact has been pushed back into its cavity, and a cured epoxy 
retains it in a secured position. Any number of contacts within the same connector can 
be repaired the same way. 
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Jig Quickly Checks Connector-Pin Alinement 
Special jig reduces test time 
from hours to minutes. 

Lyndon B. Johnson Space Center, Houston, Texas 

A test jig checks whether the pins of a 
connector are within location tolerance. 
The jig greatly reduces test time. For a 
250-pin connector, for example, a test 
that takes only 5 minutes with the jig 
requires 4 hours with a toolmaker's 
microscope - the conventional way of 
checking pin location. 

The jig is a metal plate that makes 
electrical contact with out-of-tolerance 
pins but not with pins that are within 
tolerance. Parallel longitudinal slots are 
cut on one side of the aluminum plate, 
and parallel transverse slots are cut on 
the other side (see figure). Since the 
slots are cut through slightly more than 
half the thickness of the plate, their in­
tersections form rectangular holes. 

In a test, the operator inserts the pins 
of a connector into the holes while the 
connector body is located by dowels on 
the plate. If a pin is misalined, it touches 
the side of a hole. The operator scans 
the tips of the pins one by one with a 
stylus. A pin touching the plate 
establishes electrical continuity from the 
stylus through the plate to a buzzer or 
lamp, which provides a signal to the 
operator. The operator notes the loca­
tion of misalined pins for later correc­
tion. 

Jigs can be designed to accommo­
date a variety of pin patterns and 
shapes. With chemical milling or laser 
drilling, extremely-precise hole patterns 
can be created in stainless-steel sheets 
only 0.010 to 0.020 inch (0.25 to 
0.51 mm) thick. Such templates could 
be mounted in general-purpose fixtures 

Books and Reports 
These reports, studies, and hand­
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited ; otherwise they are available 
from the National Technical 
Information Service. 
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Machined Slots on opposite faces of a plate form a matrix of rectangular windows at their 
intersections. If a connector pin Is out of alinement, it makes electrical contact with the 
side of a window, thus triggering an indicator. 

for checking pin alinement to close 
tolerances. 

This work was done by William M. Hall 
and Thomas P. Papac of Hughes Aircraft 

Electroforming for High· 
Performance Products 

Improved technologies 
simplify and enhance the 
deposition process_ 

Electroforming involves the electro­
lytic deposition of a metal (primarily cop­
per or nickel) on a conductive substrate 
material. This technique is especially 

Co. for Johnson Space Center. For fur­
ther information, Circle 63 on the TSP 
Request Card. 
MSC-20237 

well suited to the forming of certain com­
plex and highly detailed parts. Parts fab­
ricated in this way are used in a variety 
of applications ranging from rocket en­
gines to phonograph records. Although 
the basic process is widely used, there is 
only a limited amount of high-technology 
experience. This severely limits the po­
tential since high-technology experience 
is required to utilize electroforming in 
producing hardware meeting stringent 
service requirements. The ability to pre­
dict and reproduce physical and me-

NASA Tech Briefs, Winter 1982 



chanical properties uniformly is of prime 
importance. Processes and procedures 
are, for the most part, proprietary infor­
mation with the producers. As a result, 
the product of one electroformer will fre­
quently differ from that of another with 
respect to mechanical properties, de­
posit quality, bond strengths, and the 
like. 

A NASA-funded contractor report de· 
scribes the development of processes 
and procedures for the preparation of 
specifications for electroforming nickel 
and copper outer shells on cooled rock­
et thrust-chamber liners. These specifi­
cations represent a merging of technical 
contributions from many sources into a 
guide for producers of electroformed, 
high·performance products. This report 
provides a basic document with which 
the electroformer can evaluate his prod· 
uct. Improved technologies are reported 
that simplify and enhance the deposition 
process. Raw materials, conducting 
solutions, and deposition rates are 
evaluated. 

The data generated from this investi­
gation will remove many of the questions 
and uncertainties associated with the 
electroforming process. Utilization of 
these results should expand the poten­
tial for electroformed products. 

This work was done by Glenn A. 
Malone of Bell Aerospace Co. for Lewis 
Research Center. Further information, 
may be found in NASA CR-134959 
[N76-20481INSP], "Final Report In­
vestigation of Electroforming Tech­
niques" [$13.50]. A copy may be pur­
chased [prepayment required] from the 
National Technical Information Service, 
Springfield, Virginia 22161. 
LEW-12719 

Heat Flow in Horizontal 
Ribbon Growth 

A theoretical analysis 
focuses on conditions 
required for stable growth. 

A recent theoretical study reveals 
some important effects of heat flow in 
horizontal ribbon growth. Particular at· 
tention is paid to the heat flow due to a 
laminar convection current in the melt 
induced by the horizontal motion of a 
ribbon-shaped semiconductor crystal 
being pulled from the melt. 

Horizontal growth allows higher 
"pull" rates than do vertical growth 
techniques. This is because of the favor­
able ratio of the large ribbon area avail-
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able for heat removal to the small cross· 
sectional area of the ribbon. 

Both the motionally-induced and natu­
ral (thermally-induced) convection cur­
rents in the melt cause a thermal bound­
ary layer to form adjacent to the liq­
uid/solid interface. This causes a non­
uniform heat flow from the melt. 

Treatment of the combined effects of 
both natural and induced convection is 
complex and would have to be done by 
numerical computation. However, care­
ful control of melt temperature by judi­
cious design of the melt crucible and its 
heating can minimize the effects of 
natural convection. Therefore, in this in­
vestigation, only the effects due to the 
motionally-induced convection current 
are considered. 

A series of different modes of ribbon 
cooling was analyzed to determine the 
relationships between ribbon thickness, 
pull rate, melt temperature, and cooling 
of the ribbon. For each mode the condi­
tions for which ribbon pull would be 
stable have been investigated. 

Under some conditions ribbon thick­
ness is unstable, tending toward zero 
thickness: a condition that results in rib­
bon pullout. This occurs if too little active 
(forced convective) cooling is provided 
at the thin tip of the ribbon or where 
there is too little passive cooling of the 
rest of the ribbon surface. 

With such mixed cooling, the ribbon 
may increase in thickness in the actively 
cooled region only to remelt partially in 
the passively cooled region if heat flow 
from the melt exceeds passive heat loss. 
The analysis was done for silicon, but it 
could be redone for other semiconduc­
tors by substituting their physical prop­
erties for those of silicon. 

This work was done by John A. 
Zoutendyk of Galtech for NASA's Jet 
Propulsion Laboratory. To obtain a 
copy of the study, Circle 64 on the TSP 
Request Gard. 
NPQ-14979 

Improving Surface 
Strength of Insulating 
Tiles 

A preglaze densification 
treatment helps tiles resist 
impact damage. 

A procedure for improving tile resist­
ance to impact damage is described in 
a new report on tile densification. The 
tile technology was originally described 

in "'Densified' TIles Form Stronger 
Bonds" (MSC-18741), NASA Tech Briefs, 
Vol. 5, No.4 (Winter 1980), page 495. 

Developed for the Space Shuttle reus­
able surface insulation, the procedure 
has potential application when space re­
strictions necessitate thin layers of in­
sulation with low thermal conductivity. 
Examples are in advanced heat engines, 
such as the adiabatic diesel and the 
automotive gas turbine, as well as in 
fast-heating high-temperature ovens. 

The fused-silica base material for the 
tiles is formed from high-purity silica 
fibers (2 to 4 microns in diameter) and a 
high·purity binder. After firing, the mix­
ture provides a low-strength machinable 
material having low thermal conductivi­
ty, high· temperature resistance, and low 
thermal expansion. The first step in den­
sifying the machined silica tile surfaces 
is to mask the tile so that only the sur­
faces to be treated are exposed. A 
measured amount of isopropyl alcohol Is 
brushed on to aid in wettiQg the sur­
faces. The tile is immediately sub· 
merged in a silica slurry for 3 minutes. 

The tile is removed from the slurry, 
and the residue remaining on the tile is 
brushed into its exposed surfaces. Addi­
tional slurry is applied until it starts to 
build up on the surface. The excess is 
gently removed by wiping, and further 
slurry is added, with a total of three 
brushing and wiping operations. A final 
brushing operation works the fused­
silica aggregate into the surface so that 
it fills the voids sufficiently to provide a 
hard surface when the material has 
dried. 

The slurry mix contains approximate­
ly 55 percent by weight colloidal silica, 
45 percent by weight silica slip (irregu­
larly-shaped particulate silica), and 0.12 
percent by weight boron silicide for col­
or. The slurry mix is continuously roll­
mixed to keep the silica particles in sus­
pension until they are applied to the tile. 

The densification process increases 
the thermal conductivity of the surface 
layer but does not seriously affect the 
effective overall thermal conductivity. 
For a tile 2 inches (5.1 cm) thick, the 
overall conductivity is increased by 
about 4 percent. 

This work was done by Jack W. Holt 
and Laurence W. Smiser of Rockwell 
International Corp. for Johnson Space 
Center. To obtain a copy of the report, 
"Surface Densification of High-Porosity 
Silica Insulation, "Circle 65 on the TSP 
Request Gard. 
MSC-20063 
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Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public For information on program 
prtce, size , and availability , circle 
the reference letter on the COSMIC 
Request Card In this Issue . 

Standard Transistor 
Arrays 

Random-logic integrated 
MOS digital circuits are 
generated. 

Connections between the transistors 
in a gate, and connections between 
gates, occur with such frequency that 
good physical solutions may be 
extremely complex. Achieving a good 
physical solution is especially important 
in the design of digital large·scale­
integration (LSI) circuitry. 

The Standard Transistor Array (STAR) 
design system is a semicustom ap­
proach to generating random-logic 
integrated MOS digital circuits. The 
primary program in the STAR system is 
CAPSTAR, the STAR Cell Arrangement 
Program. CAPSTAR is augmented by an 
automatic routing program, a display 
program, and a library of logic cells. 

Input to CAPSTAR consists of a 
description of circuit cells and 
interconnections. This circuit descript­
ion is used to form a near-optimum, one­
dimensional placement of the cells, 
which is then " folded" onto STAR to 
form a two-dimensional layout. By the 
use of various folding strategies, a 
number of different layouts are formed. 
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The best of these are selected and are 
improved by a single interchange 
technique. The best improved layout is 
determined, and pads are added to 
generate the final layout. The 
placements generated are near­
optimum with respect to horizontal and 
vertical channel usage and the number 
of nets that can be linearly routed. 

STAR includes two programs devel­
oped to provide for the simulation of 
logic circuits and for the generation of 
test sequences for logic circuits . 
SIMLOG is a gate·level , logic-simulation 
program that is based on a three-valued 
logic model and on a unit-delay timing 
model. Both combinational and 
sequential circuits can be handled. 
Logic elements available for use include 
NAND gates, NOR gates, unit-delay 
elements, and edge-triggered D flip­
flops . The simulated circuit may also 
contain single or multiple stUCk-type 
faults. TESTGN is a test-sequence 
generation program for use with circuits 
being simulated by SIMLOG. The 
program can generate tests for 
unspecified faults or for specified single 
stuck-type faults . 

The programs in STAR are written in 
BASIC and FORTRAN IV for batch 
execution and have been implemented 
on a Xerox Sigma V, with the largest 
program having a central memory 
requirement of approximately 128K of 
32-bit words . The programs were 
developed in 1979. 

This program was written by G. W. 
Cox and B. O. Carroll of Auburn Universi­
ty and E. R. Pitts and R. A. Wright of 
M & S Computing for Marshall Space 
Flight Center. For further information, 
Circle P on the COSMIC Request 
Card. 
MFS-25327 

Tile-Failure Analysis 

Probability model assesses 
failure risk of systems with 
widely-varying loads and 
material strength. 

The Tile Failure Probability Model 
(TFPM) program was originally devel­
oped to quantitatively assess the risk of 
tile loss of a thermal-protection tile from 
the Space Shuttle orbiter. TFPM is fairly 
specific to the orbiter, but the basic 
technique might be applied in other 
structural design situations where the 
anticipated loads and material strength 
have significantly variable probability 
distributions. 

The model generates probability dis­
tributions of the tensile loads acting on a 
given tile during a mission and combines 
these with tile material-strength prob­
ability distributions to compute the prob­
ability of a tile tensile failure during the 
mission. This probability approach to 
failure analysis is required because the 
strength of the system, which consists of 
the ceramic tile material, strain isolator 
pad, and room-temperature-vulcanizing 
bond, exhibits wide variation even for 
similar sets of material. 

The TFPM is written in FORTRAN IV 
and Assembler for batch execution and 
has been implemented on an IBM 
370-series computer with a central 
memory requirement of approximately 
800K of 8-bit bytes. The program was 
developed in 1980. 

This program was written by Eugene 
A. O'Hern and Kenneth E. Ryan of 
Rockwell International Corp. for John· 
son Space Center. For further informa­
tion, Circle Q on the COSMIC Request 
Card. 
MSC-20139 
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Computer Programs 

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

Document Update and 
Compare 

Documents can be 
modified and lists of 
modifications printed out. 

Maintaining documentation is an im­
portant task that can require a great deal 
of time and resources if handled 
manually. The manual maintenance of 
documentation also increases the prob­
ability of documentation error, which 
can decrease document reliability. The 
Document Update and Compare pro­
grams provide a simple computerized 
document-maintenance system on the 
Data General NOVA 840 computer. 

The Document Update program 
allows the user to update a document 
either by batch or terminal input. It pro­
vides for automatic page sequencing, 
automatic paragraph numbering and 
renumbering (up to three levels) for in­
sertions and deletions, automatic carry 
forward of station designator, and 
selectable headers and formatting. The 
updated document may be output on a 
line printer with off-page (outside the 
standard 8-1/2 by 11 area) printing of line 
numbers for reference and future 
editing purposes. 

The Compare program compares two 
versions of a document. It prints a 
listing, by line number, of all insertions, 
deletions, and changes. 

These programs are written in FOR­
TRAN V for batch or interactive execu­
tion and have been implemented on a 
Data General NOVA 840 computer 
under RDOS with a central memory re­
quirement of approximately 32K words. 
The programs were developed in 1981 . 

This program was written by Charles 
F. Knoch, Dolores C. Caldwell, and 
David L. Caldwell of Rockwell Interna­
tional Corp. for Johnson Space Center. 
For further information, Circle R on 
the COSMIC Request Card. 
MSC-20349 
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Text File Comparator 

Program compares two 
fil es and lists their 
differences. 

The File Comparator program, IF­
COMPo is a text file comparator for IBM 
OSNS-compatible systems. IFCOMP ac­
cepts as input two text files and pro­
duces a listing of their differences in 
pseudo-update form. All differences are 
reported as lines that should be deleted, 
replaced, inserted, or moved in the first 
input file to transform It into the second 
input file. A summary, listing the number 
of lines involved in each type of change, 
is also produced. 

IFCOMP has provisions to ignore line 
numbers and trailing blanks when com­
paring files with records of different 
lengths. IFCOMP should be very useful 
in monitoring changes made to software 
at the source code level. When used in 
this manner, IFCOMP allows for the 
direct comparison of source code to 
identify changes in a consistent manner. 

IFCOMP is written in XPL (an ex­
tended PLI language for which the com­
piler executables are supplied) for batch 
execution and has been implemented on 
an IBM 370-series computer with a cen­
tral memory requirement of approx­
imately 46K of 8-bit bytes. IFCOMP was 
developed in 1979. 

This program was written by Reed S. 
Kotler of Intermetrics, Inc. for Johnson 
Space Center. For further information, 
Circle S on the COSMIC Request 
Card. 
MSC-20276 

Configuration Analysis 
Tool 

An interactive program for 
storing information and 
generating reports on 
project configuration 
management 

The Configuration Analysis Tool 
(CAT), developed for the NASA Goddard 
Space Flight Center Mission Support 
Computing and Analysis Division, is an 
information storage and report genera­
tion system for the aid of configuration 
management activities. Configuration 

management is a discipline composed 
of many techniques selected to track 
and direct the evolution of complex sys­
tems. CAT is an interactive program that 
accepts, organizes, and stores infor­
mation pertinent to specific phases of a 
project. In particular, CAT works with in­
formation concerning the design, devel­
opment, testing, and maintenance of 
project software. During a CAT interac­
tive data input session, the user is 
prompted for information and is pro­
vided with informative and diagnostic 
messages to ensure rapid and complete 
data entry. Various project history 
reports are generated by CAT in re­
sponse to user queries. 

All data needed by CAT reside in a sin­
gle project file. This is a direct-access 
file in which a doubly-linked list structure 
is used for data organization. 

CAT operates in an EDIT mode and a 
REPORT mode. In the EDIT mode, au­
thorized users can add, change, or 
delete data. In the REPORT mode the 
user can request CAT to generate proj· 
ect history reports from the data cur· 
rently in the data base. Seven types of 
reports may be generated: 
1. The discrepancy history report, which 

contains all reported errors and asso­
ciated information for a project; 

2. The change history report, which con· 
tains all reported modifications and 
enhancements to correct or to im­
prove the project programs; 

3. The documentation history report, 
which contains all the information 
concerning the disposition and status 
of documents generated within a 
project; 

4. The test history report, which 
contains information concerning what 
has been tested and the test results; 

5. The resource history report, which 
contains task member assignments; 

6. The milestone history report, which 
includes current milestone infor· 
mation; and 

7. The data set status history report, 
which contains the status and loca­
tion of the project data sets and 
associated information. 

With these reports the configuration 
analyst should be better able to track 
and direct the ongoing progress of com­
plex software projects. 

CAT is written in FORTRAN IV Plus 
and Assembler for interactive execution 
and has been implemented on a DEC 
PDp·11/70 computer under RSX·11 M 

(continued on next page) 
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with a central memory requirement of 
approximately 26K of 16-bit words. It 
was developed in 1980. 

This program was written by Phillip D. 
Merwarth of Goddard Space Flight 
Center. For further information, Cir­
cle T on the COSMIC Request Card. 
GSC-12710 

Software Repository 

Interactive library system 
aids in locating 
available software. 

In many large organizations, software 
development is duplicated from one 
group to another due to the lack of a for­
malized system for storing and making 
available information on internally 
available software. The Common Soft­
ware Module Repository (CSMR) system 
provides such a formalized system. 

CSMR is basically a computerized 
library system with high product and ser­
vice visibility to potential users. The 
online capabilities of the system allow 
both the librarian and the user to interact 
with the library. The librarian is responSi­
ble for maintaining the information in the 
CSMR library. The user may search the 
library to locate software modules that 
might meet his or her current needs. 

Associated with each library entry are 
four files of data. The first three files con­
tain the program abstract, the program 
prolog, and the program software 
characteristics. The fourth file contains 
the program source code. The abstract 
is intended for use as a quick-look query 
into the primary function of the library 
entry. In addition, the abstract contains 
an assigned library catalog number, the 
title of the software product, category in­
formation, the author, references, the 
date the software was entered into the 
library, the date of the last software up­
date, the software support person, the 
target computer, and the source code 
language. 

The prolog is a more specific descrip­
tion of the module in such terms as 
module function , the method in which 
the module accomplished its function , 
module usage, and module interface re­
quirements. The software characteris­
tics include information concerning the 
operational efficiency of the software, 
such as storage and memory require­
ments, run-time estimates, and software 
metrics. The CSMR system is designed 
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so that all of this information and the 
software source code may be readly 
entered and maintained in the CSMR 
library. 

The CSMR system gives the user an 
easy method of searching the library for 
software. The user interactively narrows 
the number of library entries to be ex­
amined by responding to CSMR­
generated prompts. Once the selection 
of entries has been reduced to those 
that satisfy specific requests, the user 
may examine the abstract, prolog, 
characteristics, and source code of 
each. The users may then select one or 
more entries for use in their software 
project. 

The CSMR system is written in 
FORTRAN IV-Plus and Assembler for in­
teractive execution and has been im­
plemented on a DEC PDP-11/70 com­
puter under RSX-11 M with an overlaid 
central memory requirement of approx­
imately 28K of 16-bit words. The CSMR 
system was developed in 1979. 

This program was written by Phillip 
Merwarth of Goddard Space Flight 
Center. For further information, 
Circle U on the COSMIC Request 
Card. 
GSC-12735 

Resource Escalation and 
Cost Analysis 

Cost for projects with 
hierarchical elements is 
calculated and spread over 
time. 

The Resource Escalation and Cost 
Analysis Program (RECAP) is a cost 
compilation program for any project or­
ganized in a work breakdown structure 
(WBS) format. In a WBS format, ac­
tivities are broken down and organized 
by level, so that each activity at a high 
level includes those activities at a lower 
level. This permits the organization of 
activities into classes and subclasses. 

RECAP can handle up to 1,000 WBS 
activities and 4 levels with up to 99 
classes of activities within a level. 
RECAP computes the cost of each ac­
tivity directly, based on one of six cost 
equations, or indirectly as a function 
of the cost of some other activity or 
activities. 

RECAP computes the costs of WBS 
items and distributes those costs over a 
span of up to 60 user-defined intervals. 

Costs for each activity may be spread 
over time according to a standard func­
tion with anyone of six spread algo­
rithms. The distributed cost for each ac­
tivity may be summed into a more 
general activity to yield distributed cost 
for each activity class. 

In addition to escalating cost due to 
anticipated inflation, RECAP allows the 
user to assign a fiscal base period to the 
input costs. Costs may then be esca­
lated for any inflation known or antici­
pated to have occurred between the 
time that the project cost was initially 
calculated and the period in which 
escalation is to begin. 

Input to RECAP consists of program 
directive records and task records. The 
program directive records provide infor­
mation required by the program and 
specify the processing option to be exer­
cised in a given run. The task records 
provide information relevant to each 
task, including information required for 
cost computation and distribution. Re­
ports generated by RECAP include a 
summary report, a summary report with 
escalated output, and line item reports. 
RECAP can also generate x-y plots of 
selected costs versus time. 

RECAP is written in FORTRAN IV for 
batch execution and has been imple­
mented on a CDC CYBER 170-series 
computer with an overlaid central mem­
ory requirement of approximately 78K 
(octal) of 60-bit words. The program was 
developed in 1981 . 

This program was written by Darrell 
A. Wood of Langley Research Center. 
For further information, Circle V on 
the COSMIC Request Card. 
LAR-13018 

Driver for DISSPLA 
Plotter 

A driver for plotter, 
microfilm, microfiche, and 
terminal graphics 

DISPLOT is a generalized outside 
driver for the commercially-available 
DISSPLA (Display Integrated Software 
System and Plotting Language) plotting 
system. The DISPLOT program provides 
the user with a simple-to-use graphics 
capability with a great deal of applica­
tion flexibility. DISPLOT is independent 
of whatever program generates the data 
to be plotted. 

DISPLOT may be used for the genera­
tion of plotter, microfilm, microfiche, and 
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terminal plots. The user has complete 
control of plot titling, axis labeling, and 
general annotation. Plots using Carte­
sian, logarithmic, polar, and map projec· 
tion scales are readily generated. 
DISPLOT also allows for the manipula­
tion of the data to be plotted prior to plot 
generation. 

DISPLOT offers flexibility while utiliz­
ing simple input because of its design as 
a DISSPLA driver with a data buffer. 
With the data buffer, multiple variables 
can be loaded at one time, which In· 
creases the speed of the program. The 
program also allows the user to 
manipulate the input data before plotting 
them. The user controls the flow of the 
DISPLOT program through economical 
NAMELIST inputs. 

DISPLOT is written in FORTRAN V 
and Assembler for batch execution and 
has been implemented on a UNIVAC 
1100-series computer with a central 
memory requirement of approximately 
93K of 36-bit words. DISPLOT was 
developed in 1981. 

This program was written by Mark L. 
Baldwin of McDonnell Douglas Corp. for 
Johnson Space Center. For further in­
formation, Circle W on the COSMIC 
Request Card. 
MSC-20290 

Interactive Data· 
Collection and Display 
Program with Debugging 

It aids deSigners when time 
and hardware constraints 
make scaled-integer 
arithmetic necessary. 

To be cost-effective and to improve 
reliability, the number of parts in digital 
systems designed for ruggedized appli­
cations is usually cut to a minimum. 
Such reductions, along with require­
ments for increased computing speed, 
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demand assembly or machine language 
techniques that use scaled-integer 
arithmetic calculations. Implementing 
such techniques is difficult, and locating 
errors within such assembly language 
programs is extremely difficult, increas­
ing the time and effort required to get the 
programs up and running. 

The INFORM program is designed to 
aid the assembly language programers 
of SEL 810B computers in working with 
scaled-integer applications. INFORM 
was developed to meet the needs of 
engineers designing real-time digital 
controls using the SEL 81 OB where time 
and hardware constraints make the use 
of integer arithmetic and scaled integers 
necessary. In addition to producing dis· 
plays of quasi-steady·state values, IN­
FORM provides an interactive mode for 
debugging programs, for making pro­
gram patches, and for modifying the 
displays. The package includes auxiliary 
routines that add dynamic data acquisi· 
tion and high·speed dynamic display to 
the INFORM capabilities. 

The INFORM package is written in 
Assembler for interactive execution and 
has been implemented on an SEL 810B 
computer with a central memory reo 
quirement of approximately 5K of 16-bit 
words. The INFORM program was de­
veloped in 1980. 

This program was written by David S. 
Cwynar of Lewis Research Center. For 
further information, Circle X on the 
COSMIC Request Card. 
LEW-13530 

NAMELIST Preprocessor 

FORTRAN code is modified 
for use with the F4P 
compiler. 

The NAMELIST Preprocessor Pro­
gram, NPP, provides the DEC PDP-11170 
with capabilities identical to the IBM 
FORTRAN IV NAMELIST feature. The 

preprocessor modifies the FORTRAN 
code that contains NAMELIST state­
ments acceptable to the IBM FORTRAN 
IV compiler to generate an equivalent 
code that is acceptable to the PDP-11 
FORTRAN IV-Plus (F4P) compiler. 

NAMELIST provides the FORTRAN 
programer with additional, flexible input 
and output capabilities. This feature is 
particularly useful in the area of data in­
put because NAMELIST data are input in 
the form of the variable symbolic name 
being set equal to a constant value, 
similar to a standard FORTRAN state­
ment. This allows the user to review in­
put data readily and relieves the user 
from having to place data in certain col­
umns and formats as required in format­
ted READ statements. 

NPP software consists of two parts: 
the NAMELIST preprocessor and the 
NAMELIST library routines. The 
preprocessor modifies the FORTRAN 
code containing NAMELIST statements 
into a FORTRAN code acceptable to the 
PDP-11 F4P compiler. The NAMELIST 
library routines, which must be included 
in tasks containing the NAMELIST 
preprocessor code, are the run-time 
routines called by the inserted 
preprocessor code. The FORTRAN pro­
gramer should find it easy and efficient 
to incorporate the NAMELIST feature 
into many applications. 

The NPP software system is written in 
FORTRAN IV-Plus and Assembler code 
for batch exectuion and has been im· 
plemented on a DEC PDP-11/70 under 
RSX-11 M with a central memory require­
ment of approximately 32K of 16-bit 
words. The NPP software system was 
developed in 1978. 

This program was written by Phillip D. 
Merwarth of Goddard Space Flight 
Center. For further information, 
Circle Y on the COSMIC Request 
Card. 
GSC-12704 
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Electroformlng for high-performance products 
page 222 lEW-12719 

ELECTRIC BATTERIES 
Improved method for charging NIfCd cells 
page 133 GSC-12779 

large electrochemical storage cells 
page 151 NPO-15185 

ELECTRIC COilS 
Replaceable sleeve protects welder colis 
page 213 MSC-20236 

ELECTRIC CONNECTORS 
Jig checks connector-pin allnement 
page 222 MSC-20237 
Repairing loose electrlcal-connector pins 
page 221 MSC-20374 
Tangleproof rotary electrical coupling 
page 129 MFS-25174 

ELECTRIC WIRE 
Phase-sensing guidance for wire-following 
vehicles 
page 39 N PO-15341 

ELECTROCHEMICAL CELLS 
large electrochemical storage cells 
page 151 NPO-15185 

ELECTROCHEMICAL MACHINING 
Six-axis electrlcal-dlscharge machine 
page 190 MFS-19695 
Terminal strip facilitates prlnted-clrcult board 

page 134 GSC-12748 

FASTENERS 
locking nut and bolt 
page 197 MFS-19687 
Padded allen wrench grips fastener 
page 191 MFS-25739 

Qulck-dlsconnect fastener 
page 190 LAR-12895 
Retaining-ring fastener for solar panels 
page 182 NPO-15369 
FERROFLUIDS 
Ferrofluld seals linear-motion valve 
page 197 MSC-20148 

FIBER OPTICS 
Optical temperature sensor has digital output 
page 177 lEW-13413 

FIBER-REINFORCED COMPOSITES 
A solvent-resistant, thermoplastic 
poly(lmldesulfone) 
page 159 LAR-12858 

Process yields strong, void-free laminates 
page 203 LAR-12982 

FIBERS 
Transport and Installation of fibrous 
Insulation 
page 213 MSC-20074 

FILE MAINTENANCE (COMPUTERS) 
Document update and compare 
page 227 MSC-20349 
FIRE FIGHTING 
Improved gloves for firefighters 
page 211 MSC-20261 

light, compact pumper for harbor fires 
page 199 MFS-25784 

FLOW DISTRIBUTION 
Eliminating wind-tunnel flow breakdown 
page 176 ARC-11338 

Flow distribution In hydraulic systems 
page 183 MSC-20306 

FLOW MEASUREMENT 
Device stores and discharges metered fluid 
page 189 MSC-20275 

FLUIDIZED BED PROCESSORS 
Improved fluidized bed gas Injector 
page 166 NPO-15572 
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FLUORIDES 
Sodium spray would speed silicon production 
page 162 NPO-15246 

Two-temperature-zone silicon reactor 
page 163 NPO-15368 

FLYING EJECTION SEATS 
Tubing cutter is activated hydraulically 
page 199 LAR-12786 

FOILS (METALS) 
Conductive-tape substrate for electroformlng 
page 207 MFS-19715 

FOLDING STRUCTURES 
Boom deploys with controlled energy release 
page 175 NP0-15418 

Parachute line hook includes Integral loop 
expander 
page 193 LAR-12875 

FRICTION REDUCTION 
Coulomb friction damper 
page 196 MSC-20179 
FRICTIONLESS ENVIRONMENT 
Controlling the rotation of levitated samples 
page 220 NPO-15522 
Variable-position acoustic levitation 
page 219 NPO-15559 

FURFURYL ALCOHOL 
Curing of furfuryl alcohol-Impregnated parts 
page 204 MSC-20224 

GALLIUM ARSENIDES 
CLEFT process for GaAs solar cells 
page 215 lEW-13912 

GALLIUM ARSENIDE LASERS 
InGaAsP CW lasers on (110) InP substrates 
page 214 LAR-12840 

GAS DETECTORS 
locating small leaks In large structures 
page 180 MSC-20327 

GAS INJECTION 
Improved fluidized bed gas Injector 
page 166 NPO-15572 

GAS WELDING 
Electrical conduit distributes weld gas evenly 
page 212 MFS-19665 

GERMANIUM COMPOUNDS 
Chemical vapor deposition of germanium on 
silicon 
page 214 NPO-15565 

GLASS 
Acoustic methods remove bubbles from 
liquids 
page 210 NPO-15334 

Designing glass panels for economy and 
reliability 
page 161 NPO-15252 
low-cost, electrically-heated glass panels 
page 209 NPO-15753 

Thermal-gradlent fining of glass 
page 160 MFS-25757 
GLOVES 
Improved gloves for firefighters 
page 211 MSC-20261 

GRAPHITE-POLYIMIDE COMPOSITES 
Process yields strong, void-free laminates 
page 203 LAR-12982 

GUAYULE 
Tissue-culture method of cloning rubber 
plants 
page 171 NPO-15756 

GUIDANCE SENSORS 
Phase-sensing guidance for wire-following 
vehicles 
page 139 NPO-15341 

HERMETIC SEALS 
Ferrofluld seals linear-motion valve 
page 197 MSC-20148 

HIGH VOLTAGES 
Plastic-sealed hybrid power-clrcult package 
page 208 MSC-20181 

HIGH-PRESSURE OXYGEN 
Regulating oxygen pressure safely 
page 194 MSC-20300 

HOLDERS 
Retaining-ring fastener for solar panels 
page 182 NPO-15369 
HOLOGRAMMETRY 
Holographic microscopy system 
page 147 MFS-25673 

HYBRID CIRCUITS 
Plastic-sealed hybrid power-clrcult package 
page 208 MSC-20181 
HYDRAULIC EQUIPMENT 
Flow distribution In hydraulic systems 
page 183 MSC-20306 
Tubing cutter is activated hydraulically 
page 199 LAR-12786 

HYDROCARBONS 
Viscosity depressants for coal liquefaction 
page 167 NPO-15174 

HYDROLYSIS 
Development of silane hydrolysate binder for 
thermal-control coatings 
page 168 MFS-25749 

ICE FORMATION 
Microwave Ice-accret ion measurement 
Instrument (MIAMI) 
page 178 lEW-13784 

IMPACT STRENGTH 
Improving surface strength of Insulating tiles 
page 223 MSC-20063 

INDIUM PHOSPHIDES 
Wipe melt for InP seed substrate 
page 215 LAR-12912 

INDUSTRIAL WASTES 
Membranes remove metal Ions from industrial 
liquids 
page 167 lEW-13853 

INFORMATION RETRIEVAL 
Software repoSitory 
page 228 GSC-12735 

INJECTORS 
Improved fluidized bed gas Injector 
page 166 NPO-15572 

INSOLATION 
Estimating Insolation Incident on tilted 
surfaces 
page 151 MFS-25501 

INSULATION 
Transport and Installation of fibrous 
Insulation 
page 213 MSC-20074 
INTEGRATED CIRCUITS 
Mlcroprogramed sequencer for tunable RF 
oscillator 
page 128 LAR-12903 

INVERTERS 
Milliwatt dc/dc Inverter 
page 132 NPO-15157 

ION DISTRIBUTION 
Ion masslveloclty/charge spectrometer 
page 148 NP0-15423 

JET AIRCRAFT 
Vertical profiles for turbojet-powered aircraft 
page 185 LAR-12940 

JIGS 
Jig checks connector-pin alinement 
page 222 MSC-20237 

LAMINATES 
Process yields strong, VOid-free laminates 
page 203 LAR-12982 
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LASERS 
InGaAsP CW lasers on (110) InP substrates 
page 214 LAR·12840 
LEADING EDGE THRUST 
Supersonic·wlng nonlinear aerodynamics 
page 186 LAR·12788 

LEAKAGE 
Locating small leaks in large structures 
page 180 MSC-20327 

LEVITATION 
Controlling the rotation of levitated samples 
page 220 NPO·15522 
Varlable·position acoustic levitation 
page 219 NPO·15559 
LIBRARIES 
Software repository 
page 228 GSC-12735 

LIFE CYCLE COSTS 
Costs and benefits of advanced aeronautical 
technology 
page 185 ARC·11382 

LIGHTNING 
The design of lightning protection 
page 182 KSC-11224 

LINKAGES 
Retalnlng·ring fastener for solar panels 
page 182 NPO·15369 
LIQUID HELIUM 
Solid·state circuits for cryogenic operation 
page 133 NPO·15255 
LIQUID SODIUM 
Sodium spray would speed silicon production 
page 162 NPO-15246 
LIQUID WASTES 
Membranes remove metal Ions from Industrial 
liquids 
page 167 LEW·13853 
LIQUID·VAPOR INTERFACES 
Acoustic methods remove bubbles from 
liquids 
page 210 NPO·l5334 
LOADS (FORCES) 
Structural·vibration·response data analysis 
page 184 MSC-20182 
Vlbration·analysls method reduces computer 
time 
page 176 MFS-25711 
LOGIC CIRCUITS 
Standard transistor arrays 
page 224 MFS-25327 

LOW GRAVITY MANUFACTURING 
Thermal-gradlent fining of glass 
page 160 MFS·25757 

LUBRICATION 
Inserts automatically lubricate ball bearings 
page 196 MFS·19727 

MACHINE ORIENTED LANGUAGES 
Interactive data·collection and display 
program with debugging 
page 229 LEW·13530 
MACHINE TOOLS 
Slx·axls electrlcal-discharge machine 
page 190 MF5-19695 

MAGNETIC RECORDING 
Transport control for hlgh-density digital 
recorder 
page 138 GSC-12727 

MAINTENANCE 
explosive joining for nuclear·reactor repair 
page 211 LAR·l2996 

Inserts automatically lubricate ball bearings 
page 196 MFS-19727 
Repairing loose electrlcal-connector pins 
page 221 MSC-20374 
MANAGEMENT INFORMATION SYSTEMS 
LIfe sciences MIS 
page 171 MSC·20238 
Software repository 
page 228 
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MANEUVERABILITY 
Flexible aircraft takeoff and landing analysis 
page 186 LAR·12992 
MASS SPECTROMETERS 
Ion masslvelocity/charge spectrometer 
page 148 NPO·15423 

MATERIALS RECOVERY 
Membranes remove metal ions from Industrial 
liquids 
page 167 LEW·13853 
MELTS (CRYSTAL GROWTH) 
Efficient silicon reactor 
page 155 NPO·l5636 
Growing silicon ribbon horizontally 
page 217 NPO·14977 
Heat flow In horizontal ribbon growth 
page 223 NPO-14979 

Short shot tower for silicon 
page 164 
Wipe melt for InP seed substrate 

NPO·15607 

page 215 LAR·12912 
MEMBRANES 
Membranes remove metal ions from Industrial 
liquids 
page 167 LEW·l3853 

METAL COATINGS 
Development of silane hydrolysate binder for 
thermal-control coatings 
page 168 MFS·25749 

METAL JOINTS 
Explosive jOining for nuclear·reactor repair 
page 211 LAR-12996 

MICROPROCESSORS 
Hardware fault simulator for microprocessors 
page 140 NPO·l5080 

MICROSCOPY 
Holographic microscopy system 
page 147 MFS·25673 
MICROWAVE EQUIPMENT 
Fabrication of precise microwave reflector 
page 204 NPO·15377 

Microwave Ice·accretlon measurement 
Instrument (MIAMI) 
page 178 LEW-13784 

Using SAW resonators In RF oscillators 
page 131 ARC-11390 

MOISTURE 
Heated aluminum tanks resist corrosion 
page 157 MFS-25780 

NICKEL CADMIUM BATTERIES 
Improved method for charging NI/Cd cells 
page 133 GSC-12779 
NOISE MEASUREMENT 
Acoustic ground·lmpedance meter 
page 181 LAR·12995 

NUCLEAR REACTORS 
Explosive joining for nuclear·reactor repair 
page211 LAR-l2996 
NUMERICAL ANALYSIS 
Interactive data·collectlon and display 
program with debugging 
page 229 LEW-13530 

NUTS (FASTENERS) 
Locking nut and bolt 
page 197 MFS·19687 

OPERATING COSTS 
Vertical profiles for turbojet·powered aircraft 
page 185 LAR·12940 

OPTICAL EQUIPMENT 
Curved·surface beam splitter 
page 145 GSC-12683 

Holographic microscopy system 
page 147 MFS-25673 

Meniscus Imaging for crystal·growth control 
page 217 MFS-15349 

Optical sensor for robotics 
page 148 MFS-25713 

Optical temperature sensor has digital output 
page 177 LEW·13413 

Video target tracking and ranging system 
page 137 MSC-20098 

OSCILLATION DAMPERS 
Coulomb friction damper 
page 196 MSC-20179 

OSCILLATORS 
Mlcroprogramed sequencer for tunable RF 
oscillator 
page 128 LAR·12903 

OXYGEN 
Regulating oxygen pressure safely 
page 194 MSC-20300 

PANELS 
Designing glass panels for economy and 
reliability 
page 161 NPO-15252 

Low-cost, electrlcally·heated glass panels 
page 209 NPO-15753 
Multiple·panel cylindrical solar concentrator 
page 206 NPO·15627 

PARACHUTES 
Parachute line hook Includes Integral loop 
expander 
page 193 LAR·1 2875 

PELLETS 
Casting silicon pellets from powder 
page 163 NPO·1 5272 
Short shot tower for silicon 
page 164 NPO-15607 
PHASE CONTROL 
Control system damps vibrations 
page 141 NPO-15002 
Transport control for hlgh-density digital 
recorder 
page 138 GSC-12727 
PHASE MATCHING 
Phase·senslng guidance for wlre·followlng 
vehicles 
page 139 NPO-15341 
PHOTO MICROGRAPHY 
Holographic microscopy system 
page 147 MF5-25673 

PINHOLES 
Locating small leaks In large structures 
page 180 MSC-20327 

PINS 
Jig checks connector·pln allnement 
page 222 MSC-20237 
PIPES (TUBES) 
Portable pipe wrapper 
page 198 KSC·11244 
Tubing cutter Is activated hydraulically 
page 199 LAR-12786 

PITTING 
Milder solution for stress-corroslon tests 
page 156 MFS-25792 
PLANTS (BOTANy) 
Tlssue-culture method of cloning rubber 
plants 
page 171 NPO-15756 
PLASMA INTERACTIONS 
Ion masslveloclty/charge spectrometer 
page 148 NPO-15423 

Shuttle communications blackout study 
page 142 MSC-20141 

PLASMA SPRAYING 
Process sprays uniform plasma coatings 
page 209 LEW·13237 

PLASTICS 
Plastic·sealed hybrid power-clrcult package 
page 208 MSC·20181 

PLOTTERS 
Driver for DISSPLA plotter 
page 228 MSC-20290 
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POINTI NG CONTROL SYSTEMS 
Minimizing vibrations while orienting large 
structures 
page 179 MFS-25439 

POLLUTANTS 
Membranes remove metal ions from industrial 
l iquids 
page 167 LEW-13853 

POLYIMIDES 
A solvent·res i stant , thermoplastic 
poly(lmidesulfone) 
page 159 LAR-12858 

High·performance matrix resins 
page 159 LEW-13864 

PORTABLE EQUIPMENT 
Light, compact pumper for harbor fires 
page 199 MFS-25784 
Portable pipe wrapper 
page 198 KSC-11244 

POSITIONING 
TRISCAN antenna·positioning algorithm 
page 148 NPO-15577 
POWDER (PARTICLES) 
Casting silicon pellets from powder 
page 163 NPO-15272 

Process sprays uniform plasma coatings 
page 209 LEW-13237 

POWER SUPPLY CIRCUITS 
Voltage regulator for a dc·to-dc converter 
page 127 NPO-15208 

PRESSURE 
Pressure assist makes coating more reliable 
page 206 MSC-20210 

PRESSURE REGULATORS 
Regulating oxygen pressure safely 
page 194 MSC-203oo 
PRINTED CIRCUITS 
Terminal strip facilitates printed·clrcult board 
changes 
page 134 GSC-12748 

PRODUCT DEVELOPMENT 
Designing glass panels for economy and 
reliability 
page 161 NPO-15252 

PROJECT MANAGEMENT 
Configuration analysis tool 
page 227 GSC-12710 

Life sciences MIS 
page 171 MSC-20238 

PROTECTIVE CLOTHING 
Improved gloves for firefighters 
page 211 MSC-20261 

PURGING 
Electrical conduit distributes weld gas evenly 
page 212 MFS-19665 

PURIFICATION 
Efficient silicon reactor 
page 155 NPO·15636 
Growing silicon ribbon horizontally 
page 217 NPO-14977 
Processor generates and extracts sil icon 
page 161 NPO-15582 

Two·temperature·zone sil icon reactor 
page 163 NPO-15368 

QUALITY CONTROL 
Hardware fau lt simulator for microprocessors 
page 140 NPO-15080 

RADAR ANTENNAS 
TRISCAN antenna·positionlng algorithm 
page 148 N PO-15577 

Fabrication of precise microwave rellector 
page 204 NPO-15377 
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RADIATION COUNTERS 
Radlonuclide count ing technique measures 
wind veloc ity 
page 178 LAR-12971 

RADIO DIRECTION FINDERS 
TRISCAN antenna·positionlng algorithm 
page 148 NPO-15577 

RADIO FREQUENCIES 
Mlcroprogramed sequencer for tunable RF 
oscillator 
page 128 LAR-12903 

Shuttle communications blackout study 
page 142 MSC-20141 

RANGE AND RANGE RATE TRACKING 
Video target tracking and ranging system 
page 137 MSC-20098 

RECORDS 
Document update and compare 
page 227 MSC-20349 

RECOVERY PARACHUTES 
Parachute line hook includes integral loop 
expander 
page 193 LAR-12875 
RECRYSTALLIZATION 
Chemical vapor deposition of germanium on 
silicon 
page 214 NPO-15565 

REDUCTION (CHEMISTRy) 
Processor generates and extracts silicon 
page 161 NPO-15582 

Two·temperature·zone silicon reactor 
page 163 NPO-15368 

REFLECTANCE 
Low·cost, electrically·heated glass panels 
page 209 NPO-15753 

REINFORCED PLASTICS 
A so lvent · resls t ant , thermopl astic 
poly(lmidesulfone) 
page 159 LAR-12858 
REINFORCEMENT (STRUCTURES) 
High·temperature filler for tile gaps 
page 205 MSC-20137 

REMOTE CONTROL 
Phase·senslng guidance for wire·following 
vehicles 
page 139 NPO-15341 

REPORT GENERATORS 
Configuration analysis tool 
page 227 GSC-12710 

Text file comparator 
page 227 MSC-20276 

RESCUE OPERATIONS 
Tubing cutter is activated hydraul ically 
page 199 LAR-12786 

RESIN BOUNDING 
Pressure assist makes coating more re liable 
page 206 MSC-20210 
RESIN MATRIX COMPOSITES 
H gh·performance matrix resins 
page 159 LEW-13864 

RESISTANCE HEATING 
Lo"" cost , electrical ly·heated glass panels 
page 209 NPO-15753 

RESONATORS 
Using SAW resonators in RF- oscil lators 
page 131 ARC-11390 

RESOURCES MANAGEMENT 
Resource escalat ion and cost analysis 
page 228 LAR-13018 

ROTATI NG BODIES 
Tangleproof rotary electrical coupling 
page 129 MFS-25174 

ROTORS 
Rotating·mach inery cri t ical speeds 
page 200 M FS·19669 
RUBBER 
Estimating the degree of crosslinking in 
rubber 
page 165 NPO-15590 

Tissue-culture method of clon ing rubber 
plants 
page 171 NPO-15756 

SAFETY DEVICES 
Regulat ing oxygen pressure safely 
page 194 MSC-203oo 

SATELLITE·BORNE INSTRUMENTS 
Space·platform technology 
page 141 MFS-25704 

SCREWS 
Inexpensive bolt·load gage 
page 192 LAR-12774 
SEALS (STOPPERS) 
Ferrofluid seals l inear·motion valve 
page 197 MSC-20148 

SEMICONDUCTOR DEVICES 
Solld·state circuits for cryogenic operation 
page 133 NPO-15255 

SEMICONDUCTOR LASERS 
InGaAsP CW lasers on (110) InP substrates 
page 214 LAR-12840 

SEMICONDUCTOR MATERIALS 
Wipe melt for InP seed substrate 
page 215 LAR-12912 

SERVOCONTROL 
Transport control for high·denslty digital 
recorder 
page 138 GSC-12727 
SHAFTS (MACHINE ELEMENTS) 
Inserts automatically lubricate ball bearings 
page 196 MFS-19727 

SHEARS 
Tool severs hidden adhesive bonds 
page 195 MSC-20198 

SHOCK ABSORBERS 
Coulomb friction damper 
page 196 MSC-20179 

SILICON 
Casting silicon pellets from powder 
page 163 NPO-15272 

Effic ient sil icon reactor 
page 155 NPO-15636 

Growing sil icon ribbon horizontally 
page 217 NPO-14977 

Heat flow in horizontal ribbon growth 
page 223 NPO-1 4979 

High·production silicon·ingot sl icer 
page 216 NPO-15483 

Meniscus imaging for crystal ·growth control 
page 217 NPO-15349 

Prevent ing freezeup in silicon ribbon growth 
page 218 NPO-15294 

Processor generates and extracts sil icon 
page 161 NPO-15582 

Short shot tower for silicon 
page 164 

Si licon-delivery tube 
page 156 

NPO-15607 

NPO-15637 

Sodium spray would speed silicon product ion 
page 162 NPO-15246 

Two·temperature·zone silicon reactor 
page 163 NPO-15368 

SINGLE CRYSTALS 
Heat flow in horizonta l ribbon growth 
page 223 NPO-14979 

Prevent ing freezeup in silicon ribbon growth 
page 218 NPO-15294 

SIZING MATERIALS 
High·temperature IIller for ti le gaps 
page 205 MSC-201 37 

SOLAR ARRAYS 
Designing glass panels for economy and 
re liability 
page 161 NPO-1 5252 
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SOLAR CELLS 
CLEFT process for GaAs solar cells 
page 215 LEW-13912 
Multiple-panel cylindrical solar concentrator 
page 206 NPO-15627 
SOLAR COLLECTORS 
Estimating insolation incident on tilted 
surfaces 
page 151 MFS-25501 

Multiple-panel cylindrical solar concentrator 
page 206 NPO-15627 
Retaining-ring fastener for solar panels 
page 182 NPO-15369 

SOLAR ENERGY CONVERSION 
Evaluating energy conversion efficiency 
page 150 LAR-12948 

SOLAR WIND 
Ion mass/velocity/charge spectrometer 
page 148 NPO-15423 

SOLIDIFICATION 
Short shot tower for silicon 
page 164 NPO-15607 

SOUND PRESSURE 
Acoustic ground-Impedance meter 
page 181 LAR-12995 

SOUND WAVES 
Acoustic methods remove bubbles from 
liquids 
page 210 NPO-15334 
SPACECRAFT DOCKING 
Optical sensor for robotics 
page 146 MFS-25713 

SPARK MACHINING 
Six-axis electrical-discharge machine 
page 190 MFS-19695 

SPECTRAL BANDS 
Optical temperature sensor has digital output 
page 177 LEW-13413 
SPIRAL WRAPPING 
Portable pipe wrapper 
page 198 KSC-11244 
SPRAYED COATINGS 
Process sprays uniform plasma coatings 
page 209 LEW-13237 

STABILIZED PLATFORMS 
Space-platform technology 
page 141 MFS-25704 

STORAGE BATTERIES 
Large electrochemical storage cells 
page 151 NPO-15185 

STORAGE TANKS 
Heated aluminum tanks resist corrosion 
page 157 MFS-25780 

STRAIN GAGES 
Inexpensive boll-load gage 
page 192 LAR-12774 
STRUCTURAL ANALYSIS 
Structural optimization 
page 184 LAR-1 3010 
STRUCTURAL FAILURE 
Tile-failure analysis 
page 224 MSC-20139 

STRUCTURAL MEMBERS 
Retaining-ring fastener for solar panels 
page 182 NPO-15369 

STRUCTURAL VIBRATION 
Structural-vlbration-response data analysis 
page 184 MSC-20182 

Vibration-analysis method reduces computer 
time 
page 176 MFS-25711 
STUDS 
Inexpensive bolt-load gage 
page 192 LAR-12774 
SUBSTRATES 
Chemical vapor deposition of germanium on 
silicon 
page 214 NPO-15565 
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Conductive-tape substrate for electroforming 
page 207 MFS-19715 
InGaAsP CW lasers on (110) InP substrates 
page 214 LAR-12840 
SURFACE ACOUSTIC WAVE DEVICES 
Using SAW resonators in RF oscillators 
page 131 ARC-11390 
SURFACE VEHICLES 
Phase-sensing guidance for wire-following 
vehicles 
page 139 NPO-15341 

SWIVELING CIRCUITS 
Milliwatt dc/dc Inverter 
page 132 NPO-15157 
SYNCHRONIZED OSCILLATORS 
Transport control for high-density digital 
recorder 
page 138 GSC-12727 

SYNTHESIS (CHEMISTRy) 
Two-temperature-zone silicon reactor 
page 163 NPO-15368 

TANKS 
Heated aluminum tanks resist corrosion 
page 157 MFS-25780 

TARGETS 
Video target tracking and ranging system 
page 137 MSC-20098 

TEMPERATURE CONTROL 
Preventing freezeup in silicon ribbon growth 
page 218 NPO-15294 

TEMPERATURE GRADIENTS 
Thermal-gradlent fining of glass 
page 160 MFS-25757 

TEMPERATURE SENSORS 
Optical temperature sensor has digital output 
page 177 LEW-13413 

TENSILE STRESS 
Tile-failure analysis 
page 224 MSC-20139 

TEST CHAMBERS 
Controlling the rotation of levitated samples 
page 220 NPO-15522 

THERMAL CONTROL COATINGS 
Development of silane hydrolysate binder for 
thermal-control coatings 
page 168 MFS-25749 

THERMAL INSULATION 
Improving surface strength of Insulating tiles 
page 223 MSC-20063 
Portable pipe wrapper 
page 198 KSC-11244 
Transport and installation of fibrous 
insulation 
page 213 MSC-20074 

THERMAL STRESS 
Tile-failure analysiS 
page 224 MSC-20139 

THERMOELECTRIC GENERATORS 
Simplified design calculations for 
thermoelectric generators 
page 149 NPO-15286 

THERMOPHYSICAL PROPERTIES 
Vacuum ampoule isolates corrosive materials 
page 158 LAR-12898 

THERMOPLASTIC RESINS 
A SOlvent-resistant , thermoplastic 
poly(imidesulfone) 
page 159 LAR-12858 

THREADS 
Locking nut and bolt 
page 197 MF5-19687 

THRUST CONTROL 
Minimizing vibrations while orienting large 
structures 
page 179 MFS-25439 

THUNDERSTORMS 
The design of lightning protection 
page 182 KSC-11224 

TILES 
High-temperature filler for tile gaps 
page 205 MSC-20137 

Improving surface strength of insulating tiles 
page 223 MSC-20063 
Tile-failure analysis 
page 224 MSC-20139 

TITANIUM OXIDES 
Development of silane hydrolysate binder for 
thermal-control coatings 
page 168 MFS-25749 

TOOLS 
Padded allen wrench grips fastener 
page 191 MFS-25739 
Tool severs hidden adhesive bonds 
page 195 MSC-20198 

TORQUE 
Inexpensive bolt-load gage 
page 192 LAR-12774 

TRACKING (POSITION) 
Video target tracking and ranging system 
page 137 MSC-20098 

TRANSFORMERS 
Voltage regulator for a dc-to-dc converter 
page 127 NPO-15208 

TRANSISTOR CIRCUITS 
Standard transistor arrays 
page 224 MFS-25327 

TRANSMITTER RECEIVERS 
Optical sensor for robotiCs 
page 146 MFS-25713 
TUNfNG 
Microprogramed sequencer for tunable RF 
oscillator 
page 128 LAR-12903 

TURBINE PUMPS 
Light, compact pumper for harbor fires 
page 199 MFS-25784 

VACUUM SYSTEMS 
Locating small leaks in large structures 
page 180 MSC-20327 

Vacuum ampoule isolates corrosive materials 
page 158 LAR-12898 
VALVES 
Ferrofluid seals linear-motion valve 
page 197 MSC-20148 

VAPOR PHASE EPITAXY 
Chemical vapor deposition of germanium on 
silicon 
page 214 NPO-15565 
VEGETATION GROWTH 
Tissue-culture method of cloning rubber 
plants 
page 171 NPO-15756 
VIBRATION ANALYSIS 
Vibration-analysis method reduces computer 
time 
page 176 MFS-25711 

VIBRATION DAMPING 
Control system damps vibrations 
page 141 NPO-1SOO2 

Coulomb friction damper 
page 196 MSC-20179 

Minimizing vibrations while orienting large 
structures 
page 179 MFS-25439 

Structural-vi brat ion-response data analysiS 
page 184 MSC-20182 
VISCO-ELASTICITY 
Estimating the degree of crosslinklng In 
rubber 
page 165 NPO-15590 

237 



VISCOSITY 
Viscosity depressants for coal liquefaction 
page 167 NPO-15174 
VOLTAGE CONVERTERS (DC TO DC) 
Voltage regulator for a dc-to-dc converter 
page 127 NPO-15208 

VULCANIZING 
Estimating the degree of crossllnklng In 
rubber 
page 165 NPO-15590 

WAFERS 
High-production silicon-ingot slicer 
page 216 NPO-15483 
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WELDING 
Electrical conduit distributes weld gas evenly 
page 212 MFS-19665 
Replaceable sleeve protects welder coil 
page 213 MSC-20236 
WIND TUNNEL NOZZLES 
Eliminating wind-tunnel flow breakdown 
page 176 ARC-11338 
WIND VELOCITY MEASUREMENT 
Radlonucllde counting technique measures 
wind velocity 
page 178 LAR-12971 
WINDOWS (APERTURES) 
Designing glass panels for economy and 
reliability 
page 161 NPO-15252 

WING LOADING 
Supersonic-wing nonlinear aerodynamics 
page 186 LAR-12788 

WIRING 
Repairing loose electrlcal-connector pins 
page 221 MSC-20374 
WORD PROCESSING 
Text file comparator 
page 227 MSC-20276 

WRENCHES 
Padded allen wrench grips fastener 
page 191 MFS-25739 
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THIRD- CLASS BULK 

Xenon lamps used for nighttime illumination of launchsites at Kennedy Space Center 
have found many commercial spinoffs. Among them are 12,OOO-watt movie-projector 
lamps used in theaters worldwide. [See the bottom of page A 1.] 
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