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FOREWORD

In accordance with the NASA Space Act of 1958 the MSFC has provided for the widest

‘practicable and appropriate disseinination of information conceming its activities and the results

thereof.

Since July 1, 1960, when the George C. Marshall Space Flight Center was organized, the
reporsing of scientific and engineering information jias been considered a prime responsibility of
the Genter. Gur credo has been that “research and development work: is valuable, but only if its
resuts can be communicated and made understandable to others.”

The N number shown for the reports listed are assigned by the NASA Scientific and Tech-
nical Information Facility, Baltimore, Maryland, indicating that the material is unclassified and
unlimited and is available for public use. These publications can be purchased from the National
Technical Information Service, 5285 Port Royal Road, Springfield, Virginia 22161, The N number
should be cited when ordering.
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TM-78300 May 1979
Thermal Control of High Energy Nuclear
Waste, Space Option, Jerry A, Peoples,
Preliminary Design Office. N79-25869

A discussion is presented which relates
to the thermal and packaging problems of
space disposal of nuclear waste material. An
approach is suggested which solves both of
these problenis with emphasis on high energy
density was*» material, A passive cooling con-
cept is prisented utilizing conduction rods
which penetrate the inner core, Data are pre-
sented which illustrate the effectiveness of
cooling rods and the limit of their capability.,
A computerized thermal model is discussed
and developed for the cooling concept.

TM-78301 June 1979
The Space Telescope Observatory., John
N. Bahuall and C, R, O’Dell, Institute

for Advanced Study and MSFC,
N79-27043

This review provides a convenient guide
to the expected characteristics of the Space
Telescope Observatory for astronomers and
physicists. We have tried to provid: enough
detail so that a professional scieniist, observer
or theorist, can plan how the observatory
may be used to furth. r his observing program
or to test theoretical models. Further detail
is available in NASA documents that are
referenced throughout this report.

TM-78302 June 1978
SCATS — SRB Cost Accounting and
Tracking System Handbook. Ross B,
Zorn, Rodney D. Stewart, Gary Coley,
and Marie Higginbotham, Systems Anal-
ysis and Integration Laboratory and
Computer Services Office.  N79-27002

This technical memorandum describes
the Solid Rocket Booster Cost Accounting
and Tracking Svstem (SCATS) which is an
automatic data processing system designed

to keep a running account of the number,

description, and estimated cost of Level II,
III, and IV changes. Although designed s;e-
cifically for the Space Shuttle Solid Rocket
Booster Program, the ADP systm can be
used for any other program that has a similar
structure for recording, reporting, and summ-
ing numbers and costs of changes, The pro-

.gram stores the alpha-numeric designators

for changes, government estimated costs,
proposed costs, and negotiated value in a
MIRADS (Marshall Information Retrieval and
Display System) format which permits rapid
access, manipulation, and reporting of current
change status. Oufput reports listing all
changes, totals of each level, and totals of all
levels, can be derived for any calendar inter-
val period.

TM-78303 June 1979
Apollo Telescope Mount — A Partial
Listing of Scientific Publications and
Presentations, Suppl:ment 3, Edited by
John M. Reynolds, Stanley A. Fields,
and William C. Snoddy. Space Sciences
Laboratory. N79-27500

This report supplements NASA T™M X-
73300, NASA TM X-73393, and NASA Ti4-
78183. These reports are compilations of
bibliographies from the principal investigator
groups of the Apollo Telescope Mount (Sky-
lab solar observatory facility) that gathered
data from May 28, 1973, to February 8,
1974, The analysis of these data is presently
under way and is expected to continue for
several years,

The publicaticns listed in this report are
divided into the following categories: (1)
Joumal Publications, (2) Journal Publications
Submitted, (3) Other Publications, (4) Pres-
entations — National and International Meet-
ings, and (5) Other Presentations. An author
index is included together with errata for
previous reports,
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TM-78304 July 1980
Self-Replicating Systems — A Systems
Engineering Approach. Georg von Tie-
senhausen and Wesley A, Darbro. Pro-
gram Development and Space Sciences
Laboratory, N80-34209

This study develops a fist approach to
conceptualize self-replicating systems from
past and present abstract theosies, The engin-
eoring clements of Selt-Replicating Systems
are defined in terms of a basic reference
systom, A number of options hre investigated,
The growth characteristics and their problems
are analyzed, the mathemstics of various
exponential growth opticas are outlined, and
the problems of universal parts production
and systems closure are discussed, Selected
arcas of further study are defined and a 20-
year development and demonstration pro-
gram is presented,

TM-78305 August 1980
Characterization of Three Types of
Silicon Solar Cells for SEPS Deep
Space Missions, A, F, Whitaker, S, A.
Little, V. A. Wooden, D, E, Carter, B, E,
Cothren, and C. A, Torstenson. Materials
and Processes Laboratory, N8(-33863

Three types of high performance silicon
solar cells, sculptured BSR/P* (K7), BSR/P*
(K6.5) and BSR (K4.5) manufactured by
Spectrolab have been evaluated for their low
temperature and low intensity performance,
Sixteen cells of cach type were subjected to
11 temperatures and 9 intensities. The sculp-
tured BSR/PY (K7) cells provided the greatest
maximum power output both at 1 AU and at
LTLI conditions. The average cfficiencies of
this cell were 14.4% at 1 SC/+25°C and 18.5%
£¢0,086 SC/-100°C,

TM-78306 August 1980
Space Environmental Effects on Mater-
ials, R, J. Schwinghamer, Materixfs and
Processes Laboratory., N§* 085

*See nctation page 20,

2

The Space Shuttle willi provide a fow
cost delivery system for Earth orbital pay-
loads by amortizing lainch costs through
system reusability, Thisx development paves
the way for lamge platforms and structures in
space. But successtul design of long life plat-
forms and structures for space use requires
due consideration of space environmental
effects on the materials used. Large space
system materials, especially those in geosyn-
chronous Earth orbit (GEQ), will be sub-
jected to vacuum, ultraviolet radiation and
changed particle radiation which will influence
the performance and functional lifetime of
the systems. This report describes research
oriented toward the acquisition of long term
environmental effects data needed to support
the design and development of large low
Earth orbit (LEQ) and GEO space platforms
and systems for the next decade.

TM-78307 October 1980
Dynamic Testing of Large Space Stnc-
tures. R, Ryan, R, Jowell, F, Bugg, W.
Ivey, R, McComas, L. Kiefling, and
J. Jones, Systems Dynamics Laboratory,

Structural dynamicists are faced with
basically an unsolvable problem: the predic-
tion and verification of an analytical struc-
tural dynamic model to prescribed accuracy
for use in control, loads, pogo, and acro-
elastic design verification analysis. These
verifications are accomplished through static
and dynamic structural tests, This report
deals with the subject of state-of-the-art
dynamic testing, using as examples testing
accomplished on the Space Shuttle and its
elements, General conclusions on testing
approaches are discussed, as well as future
technology requirements.

TM-78308* November 1980
Skylab Orbital Lifetime Prediction and
Decay Analysis. P, E. Dreher, R, P
Little, and G, Wittenstein, Systems Anal-
ysis and Integration Laboratory,

N81-13979
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This report provides a record (from pre-
flight planning to earth impact) of Skylab's
orbital lifetime predictions, its actual decay,
and analysis thercof, Skylab provided a
unique opportunity to develop, confirm and
check out procedures and computer programs
used for predicting lifetime and reentry, It
provided verification ¢of serodynamic and
environment which had been predicted for
several aerodynamic configurations, It also
provided data on the density model’s reaction
to rapidly changing solar flux over relatively
short time periods. The effects of solar flux
(and the uncertainty in the solar flux pre-
dictions) on orbital lifetinic are discussed,

TM-78309 October 1980
Space Transportation,  System  Solid
Rocket Booster Thrust Vector Control
System, Adas J. Verble, Jr.,, Alex A,
McCool, and Jack H, Potter, Structures
and Propulsion Laboratory,

N81-11105

The Solid Rocket Booster, Thrust Vec-
tor Control (TVC) systam was designed in
accordance with the following requirements:
self-contained power supply, failsafe opera-
tion, 20 flight uses after exposure to scawater
landings, optimized cost, and component
interchangeability, Trade studies were per
formed which led to the selection of a recir
culating hydraulic system powered by Auxil-
iary Power Units (APU) which drive the
hydraulic actuators and gimbal the solid
rocket motor nozzle. Other approaches for
the system design were studied in arriving at
the recirculating hydraulic system powered
by an APU, These systems must withstand
the imposed environment and be usable for
a minimum of 20 Space Transportation Sys-
tem flights with a minimum ot refurbishment,
The TVC system has completed the required
aualification and verification tests and is
certified for the intended application, Sub-
stantiation data will include analytical and
test data,

TM-78310 October 1980
Pilot Signals for Large Active Retro-
Directive Arrays. C. H. Chan, NASA/
ASEE Summer Fellowship Program,

N81-10238

It has been suggested that for large
active retrodirective arrays, as in the solar
power system, a two-tone uplink pilot signal
with frequencies symmetrically situnted
around the downlink frequency be used in
order to reduce ionospheric biases and to
lower the cost since a two-tone receiver is
cconomically much cheaper than a single-
tone phase-locked receiver. Unfortunately
such a system now faces the following well-
known difficulties; (i) the w-ambiguity, (ii) a
large phase difference between the downlink
and uplink signals,

We show in this report how the -
ambiguity can be easily removed by using a
two-tone uplink signal with both frequencies
situated at one side of the :downlink fre-
quency, and the phase difference can be
greatly reduced with a three-tone or a four-
tone uplink pilot signa,

T™M-78311 October 1980
Electrical Torques on thie Electrostatic
Gyro in the Gyro Relativity Experi-
ment. Peter Eby and Wesley Darbro.
Space Sciences Laboratory, N81-10344

This report presents a comprehensive
discussion and calculation of electrical
torques on an electrostatic gyro as they relate
to the Gyroscope Experiment to test General
Relativity. Drift rates are computed for some
typical state-of-the-act rotors, including higher
harmonics in the rotor shape. The effect of
orbital averaging of gravity gradient forces,
roll averaging of torques, and the effect of
spin averaging on the effective shape of the
rotor are considered. The basic conclusion is
that the electrical torques are reduced saffi-
ciently in a low-g environment to permit
a measurement of the relativistic drifts pre-
dicted by General Relativity.
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TM-78312 November §, 1973
The Mathematical Model Development
for the MSFC Skylab Man-in-the-Loop
Docking Simulator. N81-707%0

The equations used to drive the Skylab
man-in-the-loop  docking simulation of
MSFC’s Comp Lab facility are developed.
These include models of the docking contact-
capture-latch forces and torques, CMG/TACS
and RCS control models, target motion simu-
lator equations, and gravity gradient torques.
These equations are currently implemented
in the docking simulator which has been and
continues to be used in support of Skylab
missions, Most noteworthy in this develop-
ment is the use of a method of *soft con-
straints” which allows real time simulation of
docking impacts on the EAI8900 Hybrid
Computer Systent.

TM-78313 October 1980
FY 1980 Scientific and Technical
Reports, Articles, Papers, and Presenta-
tions. Compiled by O, L, White, Manage-
ment Services Office. N81-28036

This document presents formal NASA
technical reports, papers published in tech-
nical journals, and presentations by MSFC
personnel in FY 80. It also includes papers of
MSFC contractors.

After being announced in STAR, all of
the NASA series reporis may be obtained
from the National Technical Information
Service, 5285 Port Royal Road, Springfield,
VA 22161,

The inforiization in this report may be of
value to the scientific and engineering com-
munity in determining what information has
been published and what is available.

TM-78314 November 1980
A Preliminary Look at AVE-SESAME
IV Conducted on 9-10 May 1979.

Michael J. July and Robert E, Turner.
Space Sciences Laboratory.
N81-14552

This report contains information on data
collected, synoptic conditions, and scvere
and unusual weather reported during the
AVE-SESAME 1V period. The information is
preliminary. The purpose of the report is to
provide to researchers a preliminary look at
conditions during the AVE-SESAME [V
period.

TM-78315 November 1980
AVE-SESAME 1V: 25 mb Sounding
Data. Meta E. Sienkiewicz, Luke P,
Gilchrist, and Robert E, Turner. Space
Sciences Laboratory. N81-14553

This report describes the rawinsonde
sounding program for the AVE-SESAME IV
experiment and presents tabulated data at
25 mb for the 23 National Weather Service
and 20 special stations participating in the
experiment. Soundings were taken at 3-hr
intervals beginning at 1200 GMT on May 9,
1979, and ending at 1200 GMT on May 10,
1979 (nine sounding times). The method of
processing is discussed briefly, estimates of
the rms errors in the data are presented, and
an exaniple of contact data is given, Reasons
are given for the termination of soundings

below 100 mb, and soundings are listed which

exhibit abnormal characteristics.

«M-7831% November 1980
Theoretical Regime Diagrams for Therm-
ally Driven Flows in a Beta-Plane
Channel in the Presence of Variable
Gravity, J, E, Geisler and W. W, Fowlis,
Space Sciences Laboratory. N81-12676

The effect of a power law gravity field
on baroclinic instability is examined, with a
focus on the case of inverse fifth power
gravity, since this is the power law produced
when terrestrial gravity is simulated in
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spherical geometry by a dielectric force.
Growth rates are obtained of unstable normal
modes as & function of parameters of the
problem by solving a second-order differential
equation aumerically. Results are compared
with those from an earlier study in which
gravity was a constant. It is concluded that
over the range of parameter space explored
here, there is no significant change in the
character of theoretical regime diagrams if
the vertically averaged gravity is used as
parameter,

TM-78317 December 1980
The Swept Angle Retarding lon Mass
Spectrometer — Initial Results from the
Michigan Auroral Prolie Sounding
Rocket. D. L. Reasoner, C. R, Chappell,
N. H. Stone, W, E. Sharp, and J. H,
Hoffman. Space Sciences Lavoratory.

N81-14530

Data from a sounding rocket flight of
the Swept Angle Retarding Ion Mass Spec-
trometer (SARIMS) are presented to demon-
strate the capability of the instrument to
make measurements of thermal ions which are
differential in angle, energy, and mass, The
SARIMS was flown on the Michigan Auroral
Probe (MAP) over regions characterized first
by discrete suroral arcs and later by diffuse
precipitation. The instrument measured the
temperature, densities, and flow velocities of
the ions NO* and O, Measured NO* densi-
ties ranged from 10% up to 3 X 10 ions/cm?,
while the measured O densities were a factor
of 5-10 less. lon temperatures ranged from
0.15 up to 0.33 eV, Eastward ion flows of
approximately 0.5 km/sec were measured
near the arcs, and the observed flow magni-
tude decreased markedly inside the arcs.

TM-82389 January 1981
Space Shuttle Solid Rocket Booster
Recovery Subsystem. Roy E, Runkle.
Structures and Propulsion Laborztory,

N81-13990

The design and testing of the Space
Shuttle Solid Rocket Booster (SRB) Recovery
Subsystem (RSS) posed some unique challen-
ges. The Recovery System comiponents (para-
chutes, suspension lines, risers, reefing lines,
etc.) were of gargantuan dimensions when
compared with existing parachutes, such as
persorinel parachutes or cargo-recovery para-
chutes. The SRB RSS parachutes were
designed to deploy in a severe (200-220
pounds/in.? air pressure) environment and
safely lower to earth an 85-ton rocket motor
casing.

Severe development schedule and fund-
ing limitations required dedicated and inno-
vative thinking frcm a small team of govern-
ment and contractor personnel. This report
describes the studies and the development
and testing program that led to a successful
design and delivery of all flight hardware to
Kennedy Space Center, Florida, on schedule.

TM-82390 January 1981
Steering Law for Parallel Mounted
Double-Gimbaled Control Moment
Gyros — Revision A, H. F. Kennel,
Systems Dynamics Laboratory.

N81-13991

Mounting of double-gimbaled control
moment gyros (CMG's) of unlimited outer
gimbal angle freedom with all their outer
gimbal axes parallel allows drastic simplifica-
tion of the CMG steering law development in
the redundancy management and failure
accommodationn and in the mounting hard-
ware. The advantages of the parallel mount-
ing for the CMG steering law development
are such that a law could be developed which
is applicable to any number of CMG’s with
arbitrary angular momentum. Parallel mount-
ing of the CMG’s in conjunction with the
steering law can therefore be considered a
“CMG kit” suitable for many missions of
differing momentum requirements. It also
means that increasing momentum demands
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during the design phat2 of a space vehicle can
be casily met by the addition of one or more
CMG’s of the original momontum capacity
rather than a redesign to a larger momentum
capacity. Another advantage of the parallel
mounting is that the failure of any CMG can
be treateq like any other, i.e,, only one failure
mode is possible, The CMG steering law dis-
tributes the CMG momentum vectors such
that all inner gimbal angles are equal which
reduces the rate requirements on the outer
gimbal axes. The steering law also spreads the
outer gimbals which ensures avoidance of
singularities invernal to the angular moment-
um envelop:

This report is an extensive revision of
Reference 1 to the extent that a different
outer gimbal angle distribution function is
used, significantly reducing the software
requirements,

TM-82391 January 1981
An Evaluation of Grease Type Ball
Bearing Lubricants Operating in Various
Environments (Status Report No. 5).
E. L. M¢Murtrey. Materials and Processes
Laboratory. N81-16475

Because many future spacecraft or space
stations will require mechanisms to operate
for longer periods of time in environments
which are adverse to most bearing lubricants,
a series of tests is continuing to evaluate 38
grease type lubricants in R4 size bearings in
five different environments for a l-year
period. Four repetitions of each test are made
to provide statistical samples. These tests have
also been used to select four lubricants for 5
year tests in sciected environments with five
repetitions of each test for statistical samples.
At the present time, 100 test sets have been
completed and 22 test sets are underway,
Three S-year tests have already been started in
(1) continuous and (2) start-stop operation,
with both in vacuum at ambient temperatures,
and (3) continuous operation at 93.3°C. To

date, in the 1-year tests, the best results in all
cavironments have been obtained with a high

viscosity index  perfluoroalkylpolyether
(PFPE) grease,
TM-82392 Jonuary 1981

An Extended Classical Solution of the
Droplet Growth Problem. B, Jeffrey
Anderson, John Hallett, and Maurice
Beesley, Space Sciences Laboratory.
N81-17383

Problems of applying the classical kinetic
theory to the growth of smali droplets from
the vapor are examined. A solution for the
droplet growth equation is derived which is
based on the assumption of a diffusive ficld
extending to the drop surface. The method
accounts for partial thermal and mass accom-
modation at the interface and the Kinetic
limit to the mass and heat fluxes, and it
avoids introducing the artifact of a discon-
tinvity in tii thermal and vapor field near
the droplet, Consideration of the environ-
mental fields in spherical geometry utilizing
directional fluxes yields boundary values in
terms of known parameters and a new
Laplace transform integral. Different initial
assumptior.. coupled with this method yield
various solutions derived by earlier workers.
The solution is applicable to drop sizes both
larger and smaller than the mean free path.

TM-82393 January 1981
Seacoast Stress Corrosion Cracking of
Aluminum Alloys, T. S. Humphries and
E. E, Nelson. Materials and Processes
Laboratory. N81-18164

An investigation of the stress corrosion
cracking resistance of high strength, wrought
aluminum alloys in a seacoast atmosohere is
preser:ted, and the results are compared with
those obtained in laboratory tests, Round
tensile specimens taken from the short trans-
verse grain direction of aluminum plate and
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stressed up to 100 percent of their yield
strengths were exposed to the seacoast at
Kennedy Space Center and to alternate
immersion in salt water and synthetic sea-
water, Maximum exposurc periods of one
year at the seacoast, 0.3 cr 0,7 of a month for
alternate immersion in salt water, and threc
momhe for synthetic seawater are indicated
for aluminum alloys to avoid false indications
of stress corrosion cracking failure resulting
from pitting, Correlation of the test results
was very good among the three test media
using the selected exposure periods. Therefore,
either of the laboratory test media is suitable
for evaluating the stress corrosion cracking
performance of aluminum alloys in seaccast
atmosphere,

T™-82394 January 1981
The Pyroelectric Properties of TGS for
Application in Infrared Detection. R, L.
Kroes and D, Reiss. Space Sciences
Laboratory, NB1-18852

This report describes the pyroelectric
property of triglycine suifate (TGS) and its
application in the detection of infrared radia-
tion, The detectivities of pyroelectric detec-
tors and other types of infrared detectors
are compared. The thermal response of a
pyroziectric detector element and the result-
ing electrical response are derived in terms of
the material parameters, The noise sources
which limit the sensitivity of pyroelectric
detectors are described, and the noise equival-
ent power for ecach noise source is given as a
function of frequency and detector area.

TM-82395** Jaruary 1981
Development and Testing of Heat Trans-
port Fluids For Use In Active Solar
Heating And Cooling Systems - Final
Report. John C. Parker. Solar Energy
Applications Projects Office.

N81-16584

This document summarizes the final
results of contract NAS8-32255 with Houston

Chemisal Company, Corpus Christi, Texas, for
the additional development work on heat
transport (luids for use with active solar
heating and cooling systems. It discusses the
intended use of the final repor?, describos the
deliverable end items, lists program objectives,
relatrs fiow they were accomplished and deals
with problems encountered during testing.

The repcrr shows that a sertain product,
tested is mourketable and is recommended as
being suitable for public use.

TM-82396 January 1981
Postflight Analysis of The Single-Axis
Acoustic System on SPAR VI and
Recommendctions for Future Flights,
R. J. Naumann, W. A. Oran, Roy R,
Whymark, and Charles Rey., Space
Sciences Laboratory, N81-188(0

This report presents the postflight
analysis of the single-exis acoustic levitator
that was flown on SPAR VI in October 1979,
The apparatus malfunctioned. The results of
a serizs of tests, analyses, and investigation of
hypotheses that wore undertaken to dster-
mine the probable cause of failure are pre-
sented, together with recommendations for
future flights of the apparatus,

The most probable causes of the SPAR
VI failure were (1) lower than expected sound
intensity due to mechanical degradation of
the sound source and (2) an unexpected
external force that caused the experiment
sample to move radially and eventually be
lost from the acoustic energy well.

TM-82397 January 1981
AVE-SESAME VI: 25-mb Sounding
Data. Meta E. Sienkiewicz, Luke P,
Gilchrist, and Robert E. Tumer. Space
Sciences Laboratory, N81-18607

This report describes the rawinsonde
sounding program for the AVE-SESAME VI

7
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experiment and presents tabvlsted data at
25-mb intervals from the surface to 25 mb for
the 23 National Weather Service and 15
special stations participating in the experi-
ment. Soundings were taken at 3-h intervals
beginning at 1200 GMT on June 7, 1979,
and ending at 1200 GMT on June 8, 1979
(nine sounding times). The method of
processing is discussed briefly, estimates of
the rms errors in the data presented, an
example of contact data given, reasons given
for the termination of soundings below 100
mb, and soundings listed which exhibit
abnormal characteristics,

TM-82398 January 1981
A Preliminary Look at AVE-SESAME
VI Conducted on 7-8 Jurie 1979,
Michacl July and Rcbert E, Turner.
Space Sciences Laboratory,
N81-15¢)6

This report contains inform:tion on data
collected, synoptic conditions, and severe and
unusual weather reported during the AVE-
SESAME VI period. The purpose of the
report is to provide to researchers a pre-
liminary look at conditions during the AVE-
SESAME VI period, 7-8 June 1979,

TM-82399 January 1981
Susceptibility Measurements on the
Superconducting Properties of Nb-Ge
Alloys. Thomas J, Rathz. Space Sciences
Laboratory, N81-18893

A susceptibility apparatus to measure
superconducting properties of samples made
in the MSFC Drop Tube has been used to
measure the transition temperatare (T) and
susceptibilities of Nb and Nb-Ge Alloys
prepared in bulk spherical (2-4 diameter)
form using a 32 m drop tube in which con-
tainerless low-gravity solidification could
take place. Results indicate that a drop tube
processing environment was beneficial for
increasing the T, of the superconducting

phase of the matsrial over that of arc-melted
material. The lucrease in T, is found to be
related to the amount of solidification of the
total sample that took plice before reaching
the bottom of the drop tube. In-phase and
quadrature-phase measurements of the speci-
men’s susceptibility indicated that some
improvement in homogeneity takes place in
drop tube procesring. These phase measure-
ments also indicated little or r:) shielding of
a lower T, phase by a higher T filamentary
structure,

TM-82400 January 198}
IECM Calibration and Data Reduction
Requirements, Fred D, Wills and Charles
W. Davis, Space Sciences Laboratory,

N81-18569

The Induced Environment Contamina-
tion Monitor (IECM) tape recorder format,
as it relates to the output of meaningful data
from the IECM instrument, is explained in
this report. Eight-bit words (or bytes)
generate numbers that represent voltage
levels or electronic detection probes for each
experiment. This information is amalgamated
by the IECM Data Acquisition and Contrci
System (DACS). In some cases bits represent
certain status situations concerning an experi-
ment, such as whether a valve is opened or
closed. Voltages are transformed into mean-
ingful physical phenomena through equations
of calibration, Data formats and plots are
generated as requested for ecach IECM
experimenter.

TM-82401 January 1981
Equilibrium and Stability of a Satellite
Influenced by Gravitational and Aero-
dynamic Torques. Zachary J. Galaboff,
Systems Dynamics Laboratory.

NR1-18078

Equilibrium and stability of a satellite
influenced by gravitational and aerodynamic
torques are investigated. A circular orbit and

S S
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constant atmospheric density are assumed,
Presented is a computer program which deter-
mines equilibrium attitudes and the associated
cigenvalues of these attituiss, Demonstration
of the use of this program is made using the
former Skylab satellite as an example,

TM-82402 February 1981
Evaluation of Several Corrosion Protec-
tive Coating Systems on Aluminum,
R. H. Higgins, Materials and Processes
Laboratory, N81-19274

A study of several protective coating
systems for use on aluminum in seawater/
seacoast environments has been conducted,
This study was conducted to review the
developments that have been made on pro-
tective coatings since early in the Space
Shuttle program and to perform comparative
studi¢s on these coatings to determine their
effectiveness for providing corrosion protec-
tion during exposure to seawater/seacoast
environments, Panels of 2219-T87 aluminum
were coated with 21 different systems and
exposed to a 5 percent salt spray for 4000 hr.
Application properties, adhesion measure-
ments, heat resistance and corrosion protec-
tion were evaluated. For comparative studies,
the presently specified Bostik epoxy system
used on the SRB structures was included.
Results of these tests indicate four systems
with outstanding performance and four
additional systems with protection almost as
good. These systems are based on a chro-
mated pretreatment, a chromate epoxy
primer, and a polyurethane topcoat. Con-
sideration for one of these systems should be
included for those applications where superior
corrosion protéction for aluminum surfaces
is required.

TM-82403 March 1981
Viscoelastic Propellant Effects on Space
Shuttle Dynamics. Frank Bugg. Systems
Dynamics Laboratory. N81-20289

An extensive program of solid propellant
rescarch has been conducted to support the
Space Shuttle Dynamice modeling effort.
The research is discussed in three parts. The
first describes studies performed to define
characteristics of the propellant itself, i.c.,
the stiffness, damping, compressibility, and
the effects of many variables on these prop-
erties. The second concerns the relatica;Wip
between the propsllant and SRD dy ::uics,
such as effects of propellant stifi.ic = 0. fee-
free SRB modes. The third deals with coupled
modes of the Shuttle system and the effects
of propellant stiffness on SRB/ET interfaces.

TM-82404 March 1981
Weld Geometry Strength Effect in
2219-T87 Aluminum, A. C, Nunes, Jr,,
H, L. Novak, and M. C. Mcliwain,
Material; and Processes Laboratory.

N81-21172

A theory of the effect of geometry on
the mechanical properties of a butt weld joint
is worked out based upon the soft interlayer
weld model. Tensile tests of 45 TIG butt
welds and 6 EB beads-on-plate in 1/4-in.
2219-T87 aluminum plate made under a wide
range of heat sink and power input condi-
tions are analyzed using this theory. The
analysis indicates that purely geometrical
effects dominate in determining variations in
weld joint strength with heat sink and power
input. Variations in weld dimensions with
cooling rate are significant as well as with
power input. Weld size is suggested as a better
indicator of the condition of & weld joint than
encrgy input.

TM-82405 February 1981
The MSFC Vector Magnetograph. . J.
Hagyard, N, P. Cumings, and E. A, 'West,
Space Sciences Laboratory,

The NASA/Marshall Space Flight
Center's solar vector magnetograph system is
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described; this system silows maasurements of
all componenis of the Sun’s photospheric
magnetic field overa § X Sor 2.5 X 2.5 arc
min square field of view with an optimum
time resolution o approximately 100 sec and
an oxtimum signal-to-noise of approximately
1000, Thn basic system components are
descrived, including the optics, detector,
digital system, and associated electronics,
Automatic sequincing and control functions
arc outiined as well as manual selections of
svstem parameters which afford unique sys
tem flexibility. Resulis of system calibration
and performance are presenied, incinding
linearity, dynamic range, uniformity, spatial
and spectral resolutions, signal-to-noise,
electro-optical retardation and polarization
calibration,

TM-82406 March 1981
Performance of Photomultiplier Tubes
and Sodium Iodide Scintillation Detec-
tor Systems. Charles A. Meegan, Space
Sciences Laboratory. N81-21280

The performance of photomultiplier
tubes (PMT’s) and scintillation detector sys-
tems incorporating 50.8 by 1,27 ¢cm Nal (TQ)
crystals was investigated. The purpose of the
investigation was to determine the character-
istics of the photomultiplier tubes and opti-
mize the detector geometry for the Burst and
Transient Source Experiment (BATSE) on the
Gamma Ray Observatory (GRO). This report
provides background information on per-
formance characteristics of PMT’s and Nal
(TR) detectors, specifies procedures for
measurement of relevant parameters, and
prosents results of these measurements,

TM-82407 March 1981
The Passive Optical Sample Assembly
(POSA) on STS-1. Roger C, Linton,
Space Sciunces Laboratory, N81-20868

The Passive Optical Sample Assembly
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(POSA), scheduled for flight on Orbital
Flight Test 1 (OFT-1), is an instrument to
sid in the assessment of contamination
hazards to sensitive payloads in the Shuttle
cargo bay. It consists of an array of passively
deployed samples mounted on the Develop-
ment Flight Instrumentation (DFI) pallet in
the Shuttle cargo bay. This report describes
the POSA hardware, the directory of samples
together wish their intended measurements,
and the plan for POSA data analysis.

Ti-82408 March 1981
Development of Urethane Coating and
Potting Material with Improved Hydro-
lytic and Oxidative Stability. Donald E,
Morrie, Materia!s and Processes Labora-
tory. N81-22192

A series of saturated hydrocarbon-based
urethanes was prepared and characterized for
hydrolytic and oxidative stability. A series of
etl.er-based urethanes was used as a basis
for comparison. The alkan¢-base urethanes
were found to be hydrolytically and oxida-
tively stable, and had excellent electrical
properties. The alkane-based materials
absorbed littie or no water and were
reversion-resistant. There was little loss in
hardness or weight when exposed to high
temperature and humidity, Dielectric prop-
erties were excellent and suffered little
adverse effects from the high temperature/
humidity conditions. The alkane-based ure-
thanes were not degraded by ozone exposure,

TM-82409 March 1981
Considerations on Repeated Repairing
of Weldments in Inconel 718 Alloy.
E. O, Bayless, C, V., Lovoy, M. C. Mcll-
wain, and P, Munafo. Materials and
Processes Laboratory. N81-21171

This report presents the results of a
study to determine the effects of repeated
weld repairs on e metallurgical character-
istics, high cycle fatigue (HCF), and tensile
properties of Inconel 718 butt weld joints,
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The study employed 1/4-in, and 1/2-in, thick
plates, tungsten inert gas (TIG) welding, and
Inconel 718 filler wire. Weld panels were -ub-
jected to 2, 6, and 12 repeated repairs and
were made in a highly restrained condition,
Post weld heat treatments were also con-
ducted with the welded panel in the highly
restrained condition,

The study concluded that no significant
metallurgical anomaly was evident as a result
of up to twelve repeated weld repairs. No
degradation in fatigue life was noted for up
to twelve repeated repairs, Tensile results
from specimens which contained up to twelve
repeated weld repairs revealed no significant
degradation in UTS and YS. However, a sig-
nificant decrease in elongation was evident
with specimens (solution treated and age-
hardened after welding) which contained
twelve repeated repairs. The elongation loss
was attributed to the presence of a severe
notch on each side (fusion line) of the repair
weld bead reinforcement, Basically, the weld
joint tends to peak more and more with each
successive repeated weld repair but. due to a
combination of an increase in back-side metal
drop through and distortion restraint during
repeated repairing, the peak projection
develops as a shallow notch on each side of
the weld repair. This study shows that the
severity of these notches increases with
increasing numbers of repeated repairs.

TM-82410 April 1981
Materials Processing in Space (MPS)
Program Description, N81-22065

The intent of this document is to pro-
vide a brief in~on¢ mto the scientific rationale

~n mrd, and to describe a comprehensive and
cohesive approach for implementation and
integration of the many, diverse aspects of
MPS.

The programmatic and management
functions are intended to apply to all projects

and activities implemented under MPS, It is
intended, further, that specific project plans,
providing project unique details, vill be
appended to this document for major endeav-
ors such as the Space "rocessing Applications
Rocket (SPAR) Project, the Materials Experi-
ment Assembly (MEA) Project, the MPS/
Spacelab (MPS/SL) Project, and the Materials
Experiment Carrier (MEC) Payloads.

The MEC development is expected to
be an Office of Space Transportation Systems
(OSTS) budgeted project, done in conjunc-
tion with the Office of Space and Terrestrial
Applications (OSTA) and managed by the
MP3 Projects Office at Marshall Space Flight
Center (MSFC); a separate project plan with
joint OS13/OSTA approval is anticipated for
that project.

TM-82411 April 1981
Chemical Etching for Automatic Pro-
cessing of Integrated Circuits. Bobby W.
Kennedy. Electronics and Control Lab-
oratory, N81-74978

This report presents a discussion of
Chemical Etching for automatic processing
of integrated circuits including the wafer
carrier and loading from a receiving air track
into automatic furnaces and unloading onto
a sending air track,

TM-82412 April 1981
L.ew Drag Attitude Control for Skylab
Orbital Lifetime Extension., John R.
Glaese and Hans F, Kennel. Systems
Dvnamics Laboratory. N81-22074

In the fall of 1977 it was determined
that Skylab had started to tumble and that
the original orbit lifetime predictions were
much too optimistic. A decision had to be
made whether to accept an early uncontrolled
reentry with its inherent risks or try to
attempt to control Skylab to a lower drag
attitude in the hope that there was enough

1
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time to develop a Teleoperator Retrieval
System, bring it up on the Space Shuttle and
then decide whether to boost Skylab to a
higher longer life orbit or to reenter it in a
controlled fashion,

In the following the end-on-velocity
(EOVV) confrol method is documented,
which was successfully applied for about half
a year to keep Skylab in a low-drag attitude
with the aid of the control momeni gyros
and a minimal expendituie of attitude coutrol
gas.

TM-82+13 March 1981
The Pinhole/Occulter Facility. H. S.
Hudson, ), L. Kohl, R, P, Lin, R, M,
MacQueen, E. Tandberg-Hanssen, and
J. R, Dabbs, Space Sciences Laboratory,

N81-22895

A large occulting, system in space can be
used for high-resolution X-ray observations
and for large-aperture coronagraphic observa-
tions in visible and UV light, The X-ray
observations will combine high angular resolu-
tion in hard (>1C keV) X-radiation with the
high sensitivity of a multiple-pinhole camera,
and will permit sensitive observations of
bremsstrahlung from nonthermal particles in
the corona. The large-aperture coronagraphs
have two major advantages: high angular
resolution and good photon collection, This
will permit observations of small-scale struc-
tures in the corona for the first tirne and will
give sufficient counting rates above the
coronal background rates for sensitive
diagnostic analysis of intensities and line pro-
files for coronal structures in the solar wind
acceleration region.

This document describes the technical
basis for performing observations with a large
occulting system in these three wavelength
ranges. A preliminary description of a Pin-
iwle/Occulter Facility presently being con-
sideicd fur Spacelab is given, together with
some indications about future developments.

TM-82414 April 1981
Solar Energy Absorption Characteristics
and The Effects of Heat On The Optical
Propertizs of Several Coatings. J. R.
Lowery, Materials and Processes Lab-
oratory. N81-22474

This study was conducted to determine
the solar energy absorption characteristics of
several high-temperature coatings and to
evaluate the effects of heat on these coatings,
Included in the