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Foreword

The 1 .1 mg Duration Exposure Facility (UHT) has been designed to take
advantage of the tw -way transportation capability of the Space Shuttle.
Specifically. the WU} is designed to provide a large number of economical
opportunities for science and technology experiments that require modest
electrical power and data processing while in space and which benefit from
postflight laboratory investigations with the retrieved experiment hardware.
'lire first I.DLF mission (approximate) 12 months duration) is currentl)
scheduled for STS- 13 in earl) April 198-4, and subsequent missions are
env isioned. possibly every 18 months.

the editors would like to acknow ledge the contributions of all the Long
Duration Exposure Facility experiment investigators who furnished the
licscripme material used in preparing this document. Special thanks is also
due NU. 014..nna D. Martin of the UHT Project Office staff for her
inv aluable assistance.
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Introduction

The Space Shuttle brings a new dimension to space research, as was first
demonstrated dramatically on April 14, 1981. when the gleaming black and
white craft landed and rolled to a stop at Edwards Air Force Base. The Shuttle
can transport payloads with ease not only to space but also from space, and the
Long-Duration Exposure Facility tLDEF) has been tailored to utilize this
two-way transportation capability.

Specifically, the LDEF has been designed to provide a large number of
economical opportunities for science and technology experiments that require
modest electrical power and data processing while in space and which benefit
from postflight laboratory investigations with the retrieved experiment hard-
ware. In tact. many of the experiments developed for the first LDEF--STS
mission are completely passive and will depend entirely on postflight labora-
tory investigations for the experiment results.

like the Shuttle, the LDFF is reusable. and repeat missions are planned.
each with a new complement of experiments. The first LDEF mission is
currently scheduled tor early 1984 and subsequent missions are envisioned.
possibly evcry 114 months.

Description of WEI:

The LDEF is essentially a free-flying cilindrical structure. The experi-
ments on MEI' are totally self contained in trays mounted on the exterior of
the structure. LIM+ can accommodate experiment trays. 72 around the
circumference and 14 on the two ends.

The IDLE IS delivered to Earth orbit by the Shuttle. In orbit. the Shuttle
remote manipulator system RMS) removes the LDEF from the Shuttle
pa load ha) and places it in a gravity -gradient -stabilized attitude. Alter an
extended period in orbit. which is set by experiment requirements. the MEE
is retrieved on a subsequent Shuttle flight. The Shuttle ItMS is used again
during the retrieval to capture the LDEF and return it to the payload hay. (See
fig. 1.

The MEI; operation focuses on experimenters in the user community
who COficelVe. build. and mount their respective experiments in trays for
attachment to the LDEF. As WEI' has no central power or data systems. the
primary interface w ith the LIEF which is of concern to the experimenters is
the mechanical and thermal interface of the experiment to the tray. The LDEF



IMF Mission 1 Experiments

`°'.'et

User community

figure I.Shuttle-LOU operations.

Rettieval

does provide initiation and termination signals to experiments at the start and
end of the mission. Any power and/or data systems required by the experi-
ments are included by the experimenter in his respective tray.

Fifty-seven science and technology experiments involving investigators
from the United States and nine other countries are planned for flight on the
first 1..DEF mission. These experiments. a number of which include ad-
ditional subexperiments. have been organized into four categories: (1) mate-
rials, coatings, and thermal systems; (2) power and propulsion: (3) science;
and (4) electronics and optics. Each of the experimtats is discussed in this
document. The arrangement of these experiments on the LDEF structure is
illustrated in figure 2.

Structure

The 1.DEF. which was built at NASA Langley Research Center. is a
12-sided open-grid structure made of aluminum rings and longenms (fore and
at framing members). (See fig. 3.) The LDEF is 30 ft long and 14 ft in
diameter and weighs K000 lb. The aluminum (6061T6) center ring frame and
end frames are of welded and bolted construction. The longerons are bolted to
both frames. and intercostal~ (crosspieces positioned between the main rings)
are bolted to the kmgerons o form intermediate rings. The main load of the

10
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figure 4.Typical UHF experiment tray.

accommodated in the trays range from 180 to 2(X1 lb for the peripheral and end

trays. respectively. The combined weight of the !.DE and the experiment
for the first mission is approximately 21 4(K) lh.

Information

For additional information regarding LDEF capability and operations. or
future opportunities to fly experiments on Ll)EF. please contact:

William H. Kinard
MEE Chief Scientist

Mail Stop 258
NASA Langley Research ('enter

Hampton. Virginia 23665
(8041 865-3704 or FTS 928-3704

S
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Growth of Crystals From Solutions in Low Gravity
(A0139A)

M. David Lind
Rockwell International Science Center

Thousand Oaks. California

Kjeld F. Nielsen
Technical University of Denmark

Lyngby, Denmark

Background

These crystal growth experiments are an extension of preliminary
experiments performed during ibe Apollo-Soyuz Test Project flight and
similar experiments being developed for a Spacelab flight. The crystal growth
method to be used consists of allowing two or more reactant solutions to
diffuse slowly toward each other into a region of pure solvent, in which they
react chemically to form single crystals of a desired substance. This method
depends on suppression of convection and sedimentation. Suppression of
convection should also eliminate the microscopic compositional fluctuations
often caused by time-dependent convection in crystal growth systems. In
many cases, convection and sedimentation can be completely eliminated only
under the conditions of continuous low gravity attained during orbital space
flights. Ideally, this type of crystal growth process requires that a low level of
gravity (less than 10 a g) be maintained for a period of weeks or months. At
present the LDEF flights are the only space flights planned which can fully
satisfy this requirement.

Objective

The objective of these experiments is to develop a novel solute diffusion
method for growing single crystals. Crystals to be investigated are PbS.
CaCO3. and TIT-TCNQ. Each of these materials has current research and
technological importance. PbS is a semiconductor, and CaCO3 has useful
optical properties; both would have many applications if they could be
synthesized as large, highly perfect single crystals. The important property of
TTF-TCNQ is its one-dimensional electrical conductivity. The conductivity
is strongly dependent on crystal perfection; crystal growth in low gravity is
expected to yield larger and more perfect crystals, which may have unique
electrical properties.

The experiments are expected to yield crystals of each of the materials
which are superior in size, structural perfection, and compositional homo-
geneity to those heretofore obtainable. The availability of such crystals

8
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Materials, Coatings. and Thermal Systems

should make possible better determinations of their physical properties and,

perhaps, investigations of possible device applications. The experiments

should also contribute to a better undemanding of the theory and mechanisms

of crystal growth.
Approach

The experiments will utilize specially designed reactors (fig. 5) with

three or more compartments separated by valvesto keep the reactant solutions

and solvent separated until the apparatus teaches low gravity. There will be a

mechanism for opening the valves automatically to With*: the diffusion and

growth !recesses. The reactant reservoirs will be large enough to take

advantage of the time provided by the LDEF flight. An array of several

reactors will be mounted in a 12-in.-deep end center tray located on the

Earth-facing end of the LDEF. Several reactors operating simultaneously will

allow experimentation with more than one crystal growth system and/or

variations of conditions foreach. The reactors will beenclosed in a vacuum-

tight container and will be surrounded by thermal insulation. The temperature

(approximately 35°C) will be regulated and any departures from the desired

temperature will be reemded. Power requirementswill be provided by LiS02

batteries.

Reactant reservoir
Solvent chamber Reactant reservoir

Port

Valve shaft
Valve plate

(a) Reactor configuration.

Figure S.Crystal growth experiment.
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(b) Tray configuration shown without thermal cover.
figure 5.-- Concluded.
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Atomic-Oxygen-Stimulated Out gassing
(A0034)

Robert L. Scott, Jr.
Southern University

Baton Rouge, Louisiana

Roger C. Linton
NASA George C. Marshall Space Flight Center

Huntsville, Alabama

Background

Many materials (e.g., thermal control surfaces) are known to produce
outga.ssed products and possible particulate contamination when exposed to a
space environment. This contamination can produce severe optical damage to
the surface. It can cause an increase in surface absorption of incident
radiation, thereby altering a thermal control surface, or it can cause off -axis
scattering of incident radiation, thereby reducing the imaging characteristics
of a specular reflector.

The NASA Marshall Space Flight Center initially became involved in
the contamination problem when it investigated the potential contamination
problems associated with the Apollo Telescope Mount experiments. Since
then, areas of interest which have been investigated are sources, effects, and
abatement of contamination; restoration of surfaces; and sizing of micron-size
nirticles using light scatter. Thermal control surfaces, solid-rocket plume
ipingements. and returned Rylab specimens have been examined. The

m. -hanisms of contaminants and synergistic effects of the space environment
are not fully understood, and the results of these investigations do not show
contamination damage of the magnitude observed on the Skylab mission.

Objective

The objective of this experiment is to determine if the impingement of
atomic oxygen in near-Earth orbit is a major factor in producing optically
damaging outgassed pmducts. The expected results will he to obtain samples
which have been exposed to atomic oxygen for long durations. Analysis of
these samples will determine if the impingement of atomic oxygen on the
thermal control surfaces stimulates a significant amount of outgassed prod-
ucts. This experiment will give a clearer picture of the contamination problem
and will assist in assuring that future Shuttle payloads, such as the Space

Telescope and High-linergy Asthinomy Observatory, will not experience
Skylab contamination levels.

11
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Approach

Selected thermal control surfaces will be exposed to the atomic oxygen
in the near-Earth orbit. Passive collecting samples will collect any induced
outgassing resulting from the oxygen impingement. The optical condition of
the passive simples will be measured using a ground-based integrating sphere
rellectometer and a directional reflectometer.

Two packages are required. each occupying one-sixth of a 3-in.-deep
tray. (See fig. 6. ) One package will be positioned on the leading edge andone
on the trailing edge of the LDEF. The thermal control surfaces used on
Skylab. as well as newly developed surfaces, will be contained in the
packages. The atomic oxygen will impinge on the thermal control surfaces
contained in the leading-edge container. Passive specular collecting samples
will be positioned to collect any condensable outgassed products produced as
a result of the oxygen impingement. The thermal control surfaces, as well as
the collecting samples. will be exposed to the available ultraviolet radiation
so that environment synergistic effects can be observed. Pteexposure and
postexposure analysis will include total hemispherical and bidirectional
reflectance measurements. The range of these reflectance measurements will
he 2.5 to 25(M) A. Postexposure analysis of the leading-edge samplesexposed
to the atomic oxygen will he compared with the control samples positionedon
the trailing edge and shielded from the atomic oxygen.

12 19
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Equal number
of quartz windows
and holes in top

Mirrors

Specimen

Figure 6.Atomk-oxygen-stimulated experiment shown with top cover

removed.
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Interaction of Atomic Oxygen With Solid Surfaces
at Orbital Altftdes

(A0114)

John C. Gregory
The University of Alabama

liapsvilk, Alabama

'Palmer N. Peters
NASA George C. Marshall Space Flight Center

Huntsville, Alabama

Background

Atomic oxygen And nitrogen are known to be extremely reactive when
impinging on solid surfaces. Chemical changes can occur which alter optical
and electrical properties and in some cases even remove layers of material. if
the atoms impinge with the kinetic emrgy of orbital velocity (approximately 5
eV for atomic oxygen), the possibility of physical sputterinexists. There is,
however, no experimental evideace for this because laboratory beams of
sufficient flux at these energies rue extremely difficult to produce.

The mechanisms for these interactions are poorly understood, and at this
time it is not possible for a spacecraft designer either to allow for them or to
disregard them with impunity. This experiment is designed to expose a wide
variety of surfaces to the intense atom flux in orbit in order to determine the
gross nature of the effects.

As a platform for this type of experiment, the LDEF is particularly well
suited compared with otherspacecraft which are usually designed to point or
remain fixed in space. The attitude stabilization mode of LDEF results in the
same surface always being presented to the ambient atmospheric flux along
the velocity factor, while the opposite surface of the vehicle remains in a hard
vacuum. Also. since the LDEF is passive. the contamination problems
encountered on spacecraft such as Skylab from venting or leaking fluids donot exist.

Objectives

The objectives of this experiment are to advance the knowledge of
atom-surface interactions in the experimentally difficult energy range near 5eV. to enable surface experiments to be designed for future Shunle-era
programs with greater chance of success, and to provide engineers and
scientists in other areas with foreknowledge of the effects of the oxygen atom
beam'on critical surfaces.

14
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Materials. Coatings. and Thermal Systems

Approach

The basic approach to this experiment, as previously stated, is to expose

a wide variety of material surfaces to the atomic flux in orbit. The experiment

is passive and depends on preflight and postflight measurements of the test

surfaces in the laboratory. The experiment will also include a reflectometer

device to measure atomic beam reflection angles and thus momentum ac-
commodations. and a unique passive spacecraft attitude sensor.

Exposure of Samples

Samples consisting of solid disks or thin film coatings on substrate disks

will be mounted in a panel, as shown in figure 7. The face of this panel will be

flown on LDEF normal to the incident stream of oxygen atoms. Each disk will

have part of its front surface masked so exposure to the atomic-oxygen

reaction will be limited to selected areas, the shadowed areas being used as
control surfaces in the measurements.

A typical sample is an optically flat quartz disk overcoated with a film of

the material of interest. These include Ag. Au. Pt. Nb, Ni, Al. C. Si. Ge, LiF,

and a few engineering materials. Some materials for which the expected

removal rate is high. such as carbon, will be solid disks rather than thin films.

the experiment consists of two flight units. Each unit occupies one-sixth

of a 3-in.-deep peripheral tray with one unit located on the leading edge Of

LDEF and the other unit on the trailing edge. The samples on the trailing-edge

unit will not be subjected to atomic-oxygen impingement and will serve as

control samples. A third set ofcontrol samples will be kept in the laboratory to

aid in postflight analysis. To estimate the effects of contamination en-
countered during ascent, deployment, and descent of the Shuttle, a few
samples will also be contained in an experiment exposure control canister

tEEC'Ci located with LDEF experiment S0010, Exposure of Spacecraft

Coatings.
Postflight measurement techniques include step-height measurement by

interferometry and surface profilometry. optical densitometry. electrical
resistivity, and depth profile of chemical composition by Auger electron

spectroscopy.

Reflected Atoms

Angles of reflection of the hyperthermal oxygen atom beam are related

to the extent of momentum accommodation, of which little is known at these

energies. A strong forward lobe in the distribution of atomic oxygen would be

detectable by sensor surfaces arrayed in the reflected beam, rather like the

film in a cylindrical X-ray diffraction camera. To examine the momentum

accommodation aspect. three cylindrical "reflectometers" will also be in-

cluded with this experiment. (See fig. 8.) Slits in the panels and cylinders will

22 15
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1 igure 7.Photographs of interaction of atomic-oxygen experiment showing, the
removable small panel which is painted black to provide a hotter surface than
the main surface which is painted white.
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Materials. Coatings, and Thermal Systems

permit a beam of atomic oxygen to impinge on a given sample at a selected
angle of incident. For the first flight of the reflectometers, the objectives are
limited to testing the concept of the silver film detectors and distinguishing
between specular and cosine law reflectance at the sample surface. Materials
chosen include LiF, stainless steel, and aluminum.

Spacecraft Attitude Sensor

A unique passive spacecraft attitude sensor has been incorporated into
each unit of this experiment to serve as a means of determining the orientation
of LDEF with respect to its velocity vector. The sensor is designed to measure
the angular offset of LDEF from its nominal flight attitude.

Slit

Spacecraft
velocity
vector

S
Detector
surfaPe

Experimental
surface

t 'gun. tl.C:Ondncal reflectometer configuration.
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As a suhexperiment provided by Dr. Gerald J. Fishman of NASA
Marshall Space Flight Center, a number of activation metal samples will be
included with the other samples previously mentioned. After exposure to the
space environment, these samples will become slightly more radioactive due
to ambient proton and nertron irradiation. Upon recovery, the radioactivity
will be carefully analyzed by the NASA MSFC Space Sciences Laboratory to
provide measurements of the average proton and neutron fluence during the
LDEF mission.

lK 25



Influence of Extended Exposure in Space
on Mechadcal Properties of High -To mess

Gividte-Eposy Composite Material
(A0019)

David K. Felbeck
University of Michigan
Ann Arbor, Michigan

Badtgronnd

Graphite-epoxy composites are promising candidates for structural use
in space vehicles because of their high strength and elastic modulus proper-
ties. The problem of low fracture toughness has also been solved by use of
recently developed techniques of intermittent interlaminar bonding. Before
this material can be adapted for space use, however, confidence must he
gained that its mechanical properties are not degraded by exposure to the
space environment.

Objective

The objective of this experiment is to test the effect of extended exposure
to a space environment on the mechanical properties of a specially toughened
T300/5208 graphite-epoxy composite material. Specimens made by recently
developed techniques of intermittent interlaminar bonding will be exposed
and afterward tested for fracture toughness, tensile strength. and elastic
modulus.

Approach

The approach of this experiment is to provide a frame on which the
specimens can be mounted with their flat sides normal to the LDEF radius,
each specimen with an unobstructed exposure of about 2ir sr. The specimens
will be mounted so that they neither fracture from high stress nor fail from
excessive heating during launch and return. Any damage to the specimens
during the orbit period must be considered to be part of the experiment.

Since the experiment is passive, nothing is required except the diechan-
ical and thermal anchoring of the test specimens. There will be six fracture
toughness specimens and nine tensile modulus specimens utilizing one-sixth
of a 3-in.-deep peripheral tray. (See fig. 9.) An identical set of specimens
produced at the same time will be stored in the ground laboratory for final
testing at the same time as the orbited specimens. A third set of specimens
produced at the same time will be tested a short time after fabrication and

26 19
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Figure 9.High-toughness graphite-epoxy composite material experiment.

curing. These three sets of specimens will be used to determine the effects of
time plus orbit environment, time plus groundenvironment, and time alone
on the mechanical properties of interest.

After the specimens are tested to fracture, those ofspecial interest will be
examined by scanning electron microscopy in order to identify any changes in
fracture mode or path as a result of exposure to the space environment.

27



Effect of Space Environment on Space-Based
Radar Phased-Away Antenna

(A0133)

Richard J. De Iasi. Martin L. Rossi, James B. Whiteside.
Martin Kesselman, Ronald L. Heuer. and Frederick J. Kuehne

Grumman Aerospace Corporation
Bethpage. New York

Background

Large space structures of low areal density are currently being developed
for near-term applications such as space-based radar (SBR). The practical
implementation of these structures depends largely on identifying low-cost.
low-density, high-strength-to-weight materials that are not degraded by the
low Earth orbit (LEO) and geosynchronous Earth orbit (GEO) environments.
Because of the necessity for low weight and density, candidate materials. in
all likelihood, must be polymeric. However, the nature of thechemical bonds
causes these materials to be susceptible to some degree of degradation from
either ultraviolet or charged-particle (particularly high - energy electron) com-
ponents of the space environment. In addition, for materials required to retain
stiffness and dimensional stability, thermal excursions become an important
factor because of creep at elevated temperatures.

Based on the performance of numerous polymeric materials following
accelerated laboratory testing, Kapton polyimide film has been selected as the
baseline material for the Grumman SBR concept. To gain the requisite
confidence for long-term service durability, it is desirable to subject material
specimens as well as a portion of the SBR antenna directly to the combined
space environment and compare property degradation to that caused by
laboratory simulation.

Objective

The overall objective of this program is to evaluate the effect of the space
environment on polymeric materials currently being considered for the
Grumman SBR Phased-Array Antenna. Degradation mechanisms caused by
thermal cycling. ultraviolet and charged-particle irradiation, applied load.
and high-voltage plasma interaction will be evaluated.

Approach

The experiment occupies a 6-in.-deep end corner tray locatell on the
space end of LDEF and consists of both passive and active parts. The passive
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part addresses the effect of envinmment and stress on dimensional stability of
spliced and continuous Kapton. both plain and reinforced. Flight and ground- ...

based test methodologies to measure the time-dependent deformation of large
space structure materials under applied stress have been developed. Pc-
tlections on the order of 10 to 10' in. /in. will be measured on 10 -in. -Icing
specimens. The specimen array shown in figure 10 contains eight 1-in.-wide
specimens and sixteen 0.5-in.-wide specimens exposed directly to the space
environment and a like number of "shadowed" specimens. The "shad-
owed" specimens will undergo limited thermal excursions and will be
exposed to minimal solar and charged-particle radiation. Each specimen
contains a bonded splice located so that both spliced and continuous Kapton
regions can be tested after exposure. Four stress levels (30. 150. 300. and 450
psi) were selected based on the anticipated SBR antenna plane average
sustained and peak local stresses. The maximum stress was selected to
accelerate the extent of creep.

The active part of the experiment addresses the issue of the interaction
between high voltage and low-Earth-orbit plasma. A 14- by 28-in. section of
the Grumman SBR antenna (two Kapton antenna planes and a perforated
aluminum ground plane) has been selected as the test specimen. The elec-
trodes provided by copper dipole elements deposited on the Kapton plane will
be held at 1 and 2 kV. A counting circuit and recently available Grumman-
designed microprocessor memory using EEPROM's (a nonvolatile. electri-
cally erasable, programmable read-only memory) will be used to record the
number of electrical discharges. The experiment timer-sequencer delays the
application of high voltage for 16 days and powers up the memory subsystem
every 2 minutes for 0.6 second. Special testing circuitry has been included
to assure proper circuit operation. and mission time scale speedup capability
has been included to permit simulation of the entire flight.
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Tension spring

Specimeni

1-Control specimen
Multilayer
insulation

\Tray

figure 10.--Space-bawd radar phased ay antenna experknent.
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Spare Exposure di Composite Materials for
Large Space Mructures

(A0134)

Wayne S. Slemp
NASA Langley Research Center

Hampton, Virginia

Background

As space system become large, more complex, and expensive, they will
require much longer lifetimes in space to be economically feasible. Currently
these mission lifetimes are projected to be 10 to 20 years for antenna systems
and up to 30 years for a solar-powered satellite system.

This requires the structural materials to perform for much longer life-
times than those required for current spacecraft. It can be assumed that
electrical or electronic systems may be replaced or repaired, but the structure
should generally be maintenance free for the duration of these missions.

Resin matrix composite materials offer unique advantages over con-
ventional metallic materials for huge space system applications due to their
superior strength and stiffness-to-weight ratios and their low coefficient of
thermal expansion. The major problem in utilizing composites for long-term
space structure applications is the absence of data on the effects of space
radiation on the mechanical and thermophysicid properties of these materials.
Although ground laboratcgy testing programs are in progress. these programs
are substantially impaired by lack of information on the effects of space
radiation on the properties of these materials. Without a space-flight-
generated data base, it is difficult to project the useful life of these materials.
The same is true of other classes of materials such as polymeric films.

Objective

The objective of this experiment is to evaluate the effects of the
near-Earth orbital environment on the physical and chemical properties of
laminated continuous-filament composites and composite resin films for use
in large space structures and advanced spacecraft.

Approach

The experiment is passive and occupies about one-half of a 6-in.-deep
peripheral tray, as shown in figure I I . Specimens of composite materials and
polymeric and resin films are arranged above and below the experiment
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Composites

Figure 11.Space exposure &compositematerials experiment shown integrated
with fxposure of Spacecraft Coatings experiment (S0010).

mounting plate to enable both exposure and nonexposure to sunlight. This
provides a comparison of the effects of ultraviolet plus vacuum plus thermal
cycling and those of vacuum plus thermal cycling on these materials. The
experiment tray is thermally isolated from the LDEF structure to allow the
material specimens to experience a wide range of thermal cycles.

Tensile and compression specimens will be used to evaluate the lami-
nated composite materials. A number of the specimens are precut and ready
tiw testing after space exposure, whereas other specimens will be prepared
from larger samples. Both 0.005-in.- and 0.003-in.-ply thicknesses of pre-
preg (resin-impregnated material) will be used. The tensile specimens will he
fabricated with ±45° layup. The effects of flight exposure will be evaluated
by determining the stress-strain and ultimate tensile strength before and after
flight exposure. Table 1 summarizes the specific composite materials to be
evaluated. Metal matrix composites are also included to evaluate the changes
in coefficient of thermal expansion.

Polymeric and resin films (e.g.. Mylar, Kapton. P-1700 polysulfone.
and FEP Teflon) will be used to provide additional data on the behavior of
polymers in space. Data will be obtained to determine the thermal stability,
glass transition temperature, dynamic modulus, and loss modulus using a
thermogravimetric analyzer, a thennornechanical analyzer. and a dynamic
mechanical analyzer. An IR scan and an elemental analysis will also be
performed before and after flight exposure.
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Table 1.A0134 Calve:lake Specimens

Resin and/or metal Reinforcement
Epoxy, 5208 Graphite, T-300
Epoxy, 934 Graphite, 1-300 (0.003 in./ply)

Graphite, T-300 (0.005 in./ply)
Pblysulfone, P-1700 Graphite, Ce lion 3000 (0.003 iniply)

Graphite, Celion 6000 (0.005 in./ply)
Epoxy, 930 Graphite, GY-70
Mg Graphite, P-100
Al Graphite, P-100

A series of laboratory tests will be conducted on all materials to simulate
LDEF space flight conditions. The laboratory test program Will include one
set of specimens exposed to UV radiation at one solar coasting in 10-7 ton.
vacuum for 1000 hours and another set of specimens exposed to vacuum for
the duration of LDEF flight exposure. These specimens will provide data to
help isolate the effects of ultraviolet light, vacuum, and time on the flight
specimens.
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Effect of Space &poem of Some Epoxy Matrix
Composites on Their Thermal lEwansion and

Methodical Properdes
(A01384)

Robert Elberg
Space Division, Matra S.A.

Le Cliesnay. France

Background

Carbon and Keviar fiber-reinforced plastic composites are being used
increasingly in space structures (e.g.. launch vehicles. spacecraft. payload
elements such as antennas and optical benches). This extensive interest in
composites is due on one hand to their mechanical properties (i.e., high
strength and stiffness associated with a low density) and also to the near-zero
value. positive or negative, of their coefficient of thermal expansion. This
latter characteristic is due to the design of the comp, aite (i.e., choice of
fibers. fiber arrangement. and resin content).

A particular point that Matra wishes to examine is the effect of space
environment on the thermal expansion stability of suchproducts. The thermal
expansion stability is a sensitive parameter that assures the desired per-
formance of optical instruments such as telescopes and optical benches. This
performance is related to short -gym stability, which is assured simultane-
ously by the thermal control system and the low and stable coefficient of
thermal expansion of the structure. Long-termdimensional changes that may
occur (for instance. moisturedesorption) are often compensated by a refocus-
ing mechanism.

Objectives

This experiment has three objectives. The first and main objective is to
detect a possible variation in the coefficient of thermal expansion of com-
posite samples during a 1-year exposure to the near-Earth orbital environ-
ment. A second objective is to detect a possible change in the mechanical
integrity of composite products. both simple elements and honeycomb
sandwich assemblies. A third objective is to compare the behavior of two
epoxy resins commonly used in space structural production.

Approach

The experimental approach is to passively expose samples of epoxy
matrix composite materials to the space environment and to compare preflight
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and postflight measurements of mechanical properties. The experiment will
be located in one of the three FRECOPA (French cooperative payload) boxes
in a 12-in.-deep peripheral tray that contains nine other experiments from
France. (See figs. 12 and 13.) The FRECOPA box will protect the samples
from contamination during the launch and reentry phases of the LDEF
mission.

A list of the samples to be tested and their composition is given in table 2.
Two identical samples of each type are foreseen and four different con-
figurations of samples are used, as ciocribed in figure 14. Two common
characteristics of configurations A. B. and C are the length (4 in.) and the
existence at each end of the samples of three protrusions. These are the
reference points ft% the measurement of the coefficient of thermal expansion
(C:TE).

The coefficients of thermal expansion are measured on Earth before and
after space exposure. This measurement is based on a laser interferometry
method working in a vacuum. The method used consists of forming a fringe
pattern generated by two almost-parallel reflecting surfaces fastened to the
test sample at the level of the protrusions and illuminated by a stabilized
monomode lie-Ne laser beam. Length variation due to temperature variation
results in a fringe motion, which is measured. CTE measurements are made at
ambient temperature with a temperature variation of about 20°C. The ac-
curacy for a sL.mple length of 4 in. is about ±-0.1 x 10 ' per °C.

Experiments A0138-4 and A0138-S
Experiment A0138-3

28-V batteries
7.54 batteries

7- Experiment A0138-1

Experiments
A0138-3,

A0)311-8,
and

A0138-9

Experiment
A01 111-2

weriment4. A01 01-1), A01 18 -7,
A0118-, and A0118-10

figure 12.--layout of french cooperative payload tflOCOPM.

WEE peripheral tray

2ti
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p

figure. 13.--Photograph of FRECOPA box (open).

The test program consists of the following measurements.
Weight measurements of all the samples will be made before launch

(samples previously dried and outgassed) and after launch. Any weight
variation will be useful information to establish the efficiency of the drying
and outgassing process for composite materials.

The coefficient of thermal expansion will be measured on samples 1-1'.

2-2', 3-3', 4-4'. and 5-5' before and after launch. Any effect on this
parameter after a I-year exposure at ultrahigh vacuum will be detected.

Micrographic inspections will be conducted on cuts made on the various

samples at the level of the composite materials and more specifically at the

level of the honeycombface--sheet assembly on samples 2-2' and 6-6'.
These photographs will be compared to similar views of identical materials
kept on Earth for reference.

Mechanical tests fOr interlaminar shear strength. flexural strength. and
tlatwise tensile strength will be made on elements cut from the samples after

return to Earth. These test results will be compared to results from similar
samples that were not submitted to the space environment. Although vacuum
chamber tests of epoxy matrix composites show good mechanical and thermal
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stability, this experimem is expected to increase confidence in the per-
formance of the tested composite specimens, particularly relative to the
thermal stability.

Table 2.--List and Composition of Epoxy Matrix ComposRe Samples

Reference
Number

Sample Type
(Shape reference)

Fiber-Resin
Material

Additional
Material

Fiber
Arrangement

1-1' Circular tube (A) GY701934 None 4 ply (4 0°/ ±35°/4.0°)
Unidirectional,
eb --: 0.005 in.

2-2' Sandwich:
aluminum

GY70/934
Unidirectional,

Aluminum
honey-

(IT/ :4760°/(r/90*/ + 421.

honeycomb,
CFRP face sheets
(B)

e = 0.005 in. comb,
bond film,
312

3-3' Rectangular tube GY70/934 None (0°/1-60°/0°80°/ +.421i
(C) Unidirectional,

e - 0.005 in.
4-4' Rectangular tube GY70/934 None 0°

(C) Unidirectional,
e - 0.005 in.

5-5' Rectangular tube GY70N108 None 0°
(C) Unidirectional,

e -, 0.005 in.

ti-fi' Sandwich:
Keviar
honeycomb,
Keviar face sheets

Kevlar/V106,
e 0.0075 in.

Kevlar
honey-
comb

2 ply (own

(0)
'Refer to figure 14.
be fiber diameter.
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figure 14.Experiment A0138-1 sample configurations.
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The Effect of the Space Environment
on Conwoske Meech&

(A01384)

Michel Parcelier
Aerospatiale

Les Mureaux, France

Backgroml

It is the duty of a manufacturer to verify the characteristics of the
products he designs and mumfactures. Until now, the space industry has
complied with this rule with laboratory simulations and evaluations. The
launching of the LDEF by the Space Shuttle will provide an opportunity to
observe the actual behavior of =Wats underexposure to the space environ-
ment and will make it possible to correlate with artificial aging tests.

Objective

The objective is to test different types of materials (laminates, thermal
coatings, and adhesives) to determine their actual useful lifetime. These
experiments will also make it possible to integrate the histories of the thermal
and mechanical characteristics into models of the conrosite structures.

Approach

The experiment is passive and is lowed in one of the FRECOPA boxes
in a 12-in.-deep periplzral tray with nine other experiments from France.
(See figs. 12 and 13.) The FRECOPA box will provide --(section for the
samples from contamination during the launch and reemry phases of the
LDEF mission. The experiment revolves around four themes of snal:
thermal coatings, adhesives, dimensional stability, and mechanical charac-
teristics.

The various materials will be arranged in six levels within the FRE-
COPA box, so only the first level will be subjected to direct solar radiation.
(See fig. 15 and table 3.) Each level will consist of plates from which test
specimens will be cut after the mission.
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Figure 11Section of FRECOPA box showing arrangement of experiment
A0138-9.

Table 3.Composi* Materials Test Spedmens

Level

1A

10

1A

18

2

2A

28

3A, 4A

313, 48

5A, 6A

58

68

Test specimens

OSR and SSM on graphite-epoxy composite

OSR and SSM on aluminum support

Sandwich (GY7Wcode 87 +BSL 312

Sandwich (G170/13SL 914 + 851. 319

851 312 L and 1351. 319 L specimens

Redux 408 on graphite-graphite support

Redux 312 L on graphite - aluminum support

GY70/code 87

GY70/13S1 914

T3OON 108

GY7ON 108

G837N 108

Thermal Coatings

Optical solar reflectors and second-surface mirrors will be laid on
aluminum and carbon supports. The tests will evaluate the level of deg-
radation, the mass of contaminants received, and the alteration of the
themio-optical properties.

Adhesives

The tests will measure the shear in a joint bonded with 408 (room-
temperature curing) and 312 L (high-temperature curing) adhesives. The
purpose is to observe the effects tithe thermal stresses chic to the assembly of
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materials having different expansion coefficients (carbon and aluminum) and
the thermal cycling in the low orbit of the LDEF.

Dimensional Stability

Testa will be carried out to verify the predicted therinoelastic deforma-
tions in sandwich structures that have withstood the space environment.
Expansion tests will be made on a sandwich test specimen painted white
(located on the upper level) and shaped like a satellite antenna, and also on the
constituent parts taken singly. These parts are GY70187 (0° and 90° orienta-
tion) and 312 L. The sandwich will be structured as shown in figure lb. The
sane experiment will be carried out on a sandwich test specimen cocured with
914 and 319 L.

Honeycomb

White paint

L 070437, 65 p.m (0'', 90, 90, 01

Figure 16.Structure of sandwich specimen.

Mechanical Characteristics

:312 I.

The degradation of the mechanical properties (tensile. flexural. and
interiaminar tests) will be evaluated on the following materials: GY 70/87
(tape). GY701914 (tape). T3()O /V108 (tape). and 6837/V 10$ (fabric).
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Microwelding of %Wiens Metallic Materials
Under Ultravacuum

(A0138-10)

lean Pierre Assie
Aerospidiale

Cannes, France

Background

In the space vacuum environment, the spacecraft mechanisms are liablc
to sustain damaging effects from microwelds due to molecular diffusion of the
spacecraft constituent metals. Such microwelds result in a continuing in-
crease in the friction factors and are even liable to jam the mechanisms
altogether.

Objective

The objective of this experiment is to check the metal surfaces represen-
tative of the mechanism constituent metals (treated or untreated, lubricated or
unlubricated) for microwelds after an extended stay in the space environment.

Approach

Toe experimental approach is to passively expose inert metal specimens
to the space vacuum and to conduct end-of-mission verification of the
significance of microwelds between various pairs of metal washers. The
experiment will be located in one of the FRECOPA boxes in a 12-in.-deep
peripheral tray that contains nine other experiments from France. (See figs.
12 and 13.) Table 4 lists the materials to be tested and table 5 and figure 17
show the test sample arrangement and experiment layout.
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Table 4.Experiment A0138-10 Test Materials
[Shape: round bars;

Type of
material Description Condition

Applicable
standard

Aluminum AZSGU awir T 7351 ASN A 3086
alloy AU4G1 (2024) T 351 ASN A 3058

AS (1050) H 24 NA
Copper CuBe1.9 11-12 ASN A 3416
all..., luNi3Si (UN 3S) TF ASN A 3405
Titanium TAbV Annealed ASN A 3307
alloy TAbV Quenched

and tempered
ASN A 3306

Stainless
steel

(Z6NCT2S Quenched for
960 MPa

ASN A 3412

Z100C1317 (440C) Treated ASN A 3376
Z6CNT18/11 (321) Hyperquenched ASN A 3140

figure 17.---ta, out of the eight washer "spools" within FRECOPA box.
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Table 5.Description and Combination of Constituent Materials of Wasben

1

EZ6NCT25 CuBe1.9 AZSGU" AZ5GU

EZ6NCT25 CuBe1.9 AZSGU' AZ5GU

AMU' AZSGU CuBe1.9 CuNi3Si

TAbV annealed' TA6V annealed' CuNi3Si CuNi3Si

AZSGU' AZ5GU Cul3e1.9 CuNi3Si

TA6V annealed TAbV annealed EZ6NCT25 EZ6NCT25

AZ5GU' AZSGU TA6V annealedb TA6V annealed

Cul3e1.9 CuBe1.9 CuBe1.9 CuBe1.9

AZ5GU" AMU TA6V annealed' TA6V annealed

CuNi3Si CuNi3Si CuNi3Si CuNi3Si

AZ5GU' AZSGU

EZ6NCT25

TA6V tempered'
EZ6NCT25

TA6V annealed

EZ6NC125f ZbNCT25

S b 7
(Analysis of
influence of

_pressure)
P1 CuBe1.9

8
(Analysis of
influence of
lubrication)

Culle1.9itsiolyluate 1TAbV annealed' 71000017

TAW annealed' 11000017 CuBe1.9 CuBel.9

TA6V annealed Au on AZSGU' P2 CuBe1.9 Culle1.9/Molykote 1

TAIN annealed Ag on AZSGU` CuBel.9 MoS2d/AZSGU"

Au on AZSCU` 16CNT18i11

ZbCNT1 &11

P3 CuBe1.9

CuBel.9

Culle1.91114olykote Z

MoS.d/TA6V annealed"Au on AZSGU`

on AZSGU' AS P4 TA6V annealed TAW annealedb/MoV...N

As on Arial` AS TAM/ annealed TA6V annealed"

C:r on AZSC;U AU4G1 PS TA6V annealed

TA6/ annealed

AU4GP/MoVI

TA6V annealed"Cr on AZSGU AU4G1

Au on AZSCIf TAbV quenched Pb TAM/ annealed

TAW annealed

AU4G1'/MoS2d

AU4G1'Ag on AZ5C111 TA6V quenched

'Chromium anodized.
bSullur anodized.
'Au and Ag are reference couples.
"Physical vapor deposition.
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Evaluation of Long-Dwation Exposure to the Natural
Space Earvkaumemi on Grsql10e-Polyhuide and

Graphite-Epoxy bkclaudad Properties
(A0175)

J. Howard Powell and Douglas W. Welch
Rockwell International Corporation

Tulsa, Oklahoma

Background

Graphite-polyimide and graphite-epoxy are two composite materials
being used in cumin spacecraft construction, and both materials are being
considered for more extensive use in future lightweight space-oriented
structural components. The accumulation of operational data on the effects of
long-duration exposure of these two materials to the multiple environmental
elements of space is needed to properly evaluate them for both current and
future applications. In particular, data are needed on the mechanical proper-
ties of these materials.

Objectives

The primary objective of this experiment is to accumulate the needed
operational data associated with the exposure of graphik-polyimkle and
graphite-epoxy material to the envitonments of space. Secondary objectives
for testing the graphite-polyiinide materials are to evaluate laminar micro-
cracking and crack propagation and to eliminate any concerns associated with
"unknowns. " A specific objective of testing the graphite-epoxy material is to
validate The mechanical-property "knock-down" factors that were applied to
the design and analysis of the Space Simile payload bay doors. The as-
sessment of the degree of matrix cracking and crack propagation phenomena
resulting from differential expansion of unlike materials coupled with large
thermal excursions, and the , deletion of unknowns resitting erom sinurl-
taneous application of multiple environmental factors relative to the payload
bay door composite and adhesive system. are secondary objectives in the
graphite-epoxy tests.

Approach

The experiment will be mounted in two 3 -in. -deep peripheral trays.
Graphite-polyimide specimens will occupy 11/2 trays and the graphite-epoxy
specimens will occupy two-thirds of a tray, as shown in figure 18.

The experiment approach requires two matched sets of specimens with
traceable records that are maimained for materials processing and specimen
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Tray Al

[
LaRC-160 1

I I-
LaRC-160 1

precured 1 precured i T300V934

Graphite-epoxy honeycomb sandwich

Tray AT

1

F-178/T400 I F-178/T300 I PMR-15
precured I cocured I precured

figure 18.Graphite-polyimide and graphite-epoxy experiment.
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quality. After fabrication, one set of each test specimen will be sectioned and
structurally tested to serve as a data baseline. After the LDEF flight, the other
set of specimens will undergo extensive measurements of mechanical proper-
ties for comparison with the original data baseline. Figure 19 illustrates the
various specimen configurations.

(a) Polyimide test specimens.

Tension

Intralaminar shear

Compression

Beam bending

Flatwise tension

Fatigue

Compression

(b) Graphite-epoxy sandwich and
laminate test specimens.

figure 19.Graphite-pialyimide and graphite-epoxy test specimens.

Structural testing of the graphite-polyimide specimens will provide
strength and elastic data in tension. comprtssion. and shear. Transverse
tension microcracking and crack propagation will be evaluated by photo-
microscopy.

Structural testing of the graphite-epoxy specimens will include verifi-
cation of laminate. core, adhesive, and fatigue properties as applied to the
design and analysis of the payload bay door. Microcracking and crack
propagation will also be analyzed by photornicruscopy.
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The Effect of Space Environment Exposure on the
Properties of Polymer Matrix Conqnsite Materials

(A0110)

R. C. Tennyson and S. Hansen
Institute for Aerospace Studies. University of Toronto

Downsview, Ontario, Canada

Background

The use of polymer matrix composites in various spacecraft applications
is increasing, but the effects of long-term space exposure on the mechanical
properties of these materials are not known. Although laboratory simulation
using a thermal-vacuum chamber can be employed, the correlation between
these results and actual in situ behavior has not been established. Conse-
quently. such a correlation should be made in order to provide the design
engineer with appropriate correction factors to take into account any degrada-
tion of material integrity due to various exposure times in space. Failure to do
so will undoubtedly lead to structural failure resulting from material property
changes. This can be particularly hazardous when using polymer matrix
composites because molecular breakdown (due to radiation), outgassing (due
to vacuum), and internal cracking. accompanied by fiber matrix separation
and delamination (from thermal cycling), can result.

Objective

The objective of this experiment is to determine the effect of various
lengths of exposure to a space environment on the mechanical properties of
selected commercial polymer matrix composite materials. Fiber materials
will include graphite. boron. S-glass. and PRD-49. The mechanical proper-
ties to be investigated are orthotropic elastic constants, strength parameters
( satisfying the tensor polynomial relation). coefficients of thermal expansion.
impact resistance, crack propagation, and fracture toughness. In addition. the
effect of laminate thickness on property changes will also be investigated.

Approach

Five groups of test articles made up of laminated cylindrical tubes and
flat plates will be manufactured from a given batch of prepreg (resin-
impregnated) material. This will be done for each material system selected.
One group from each material system will be evaluated under ambient
laboratory conditions to determine ( I) the ordiotropic elastic constants En.
E2 Vi2. and G12. where E is the modulus of elasticity. v is Poissim's ratio.
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and G is the shear modulus; (2) the tensor polynomial failure parameters Fe,
Fq, and Fejk; (3) the impact resistance (residual bending strength as a function
of impact energy from a projectile; (4) the crack propagation and fracture
toughness (measurement of growth of a given crack size in the specimen as a
function of temperature and load cycling); and (5) the coefficients of thermal
expansion for various laminate configtuations. This evaluation will be re-
peated with a second group of specimens subjected to thermal-vacuum
exposure in a laboratory facility. An evaluation of the effects of ultraviolet
and electron beam radiation and atomic oxygen invingement will be in-
cluded. The evaluation will also be repeated with a third group of specimens
subjected to actual space environment onboard the LDEF. Fmally, two
control batches will be evaluated to assess the effects of storage environment,
qualifying tests, and aging on LDEF flight articks.

The experiment will occupy one-half of a 3-in.-deep peripheral tray and
is divided into three sections. (See fig. 20.) Each sectim consists of a layered
arrangement of both tabular and flat specimens. The tubular specimens are
thin walled (0.02 to 0.06 in.) and approximately 1.75 in. in diameter and 4 in.

Figure 20. Polymer matrix composite materials experiment.
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long. The flat specimens are of similar thickpess and measure 2 in. wide and 5
in. long. Aluminum end fittings (which function as test fixtures following
space exposure) are bonded to each of the test specimens.

Additionally, thermal strain gauge outputs on various composite
specimens and a stainless calibration specimen will be mewled simul-
taneously approximately every 6 hours during the flight. This information
will be transferred to a cassette - for serial recording within a sealed
electronics box beneath one of the xi:Perim* sectims. (See fig. 21.) Two
1LiS02 batteries are required for data - " t_ power and me located beneath
the remaining two experimea

If

Figure 21.Data measurement system.
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Space Eavfrommest Effects an SpaLt Wilted&
(M0003)

Paul Schell
The Aetospace Corporation

El Segundo, California

Badtgrunad

Data on materials for unmanned NASA and DOD spacecraft have been
valuable, but are limited to those items that can be Monitored remotely.
Causes of failures or performance degradation can ohm only be inferred from
the telemetry data. The Gemini and Apollo missions included some malerials
experiments. The retuin of components from the Surveyor 01 lunar kinder
was particuhnly interesting. The NASA Skylab missions contained a thermal
control materials experiment; however, the early Skylab problems vaulted in
contamination that affected results. Although data fit= =flaunted spacecraft
will coruktue to be used to evahlaw the performance of materials in space. the
LDEF adds a new dimension to space experunents.

The LDEF provides experimenters with an opportunity to recover speci-
mens that have been exposed for long periods in space. The typical apploach
for the selection of materials for use in spawcraft has involved laboratory
testing and limited me Cements in space. Although many materials appear
to be satisfactory far a variety of applications, there is insufficient knowledge
of the physical and optical properties of these materials aft long periods in
space. Laboratory tests do not simulate the actual space environment; there-
fore. it is difficult to predict property changes as a function of environment
exposure.

In addition to measuring changes in the macroscopic properties of the
returned specimens, mien:structural properties will also be examined. Thus,
it may he possible to increase our understanding of the changes induced by the
environment. This increased understanding can then be used to predict the
performance of materials based on knowledge of the space environment and
the results of laboratory tests.

This experiment will be a cooperative effort and will provide an oppor-
tunity for DOD space programs and laboratories to evaluate materials and
components after long exposures to the space environment.

Objectives

The immediate objectives of this experiment are :o =demand changes
in the properties and structure of materials after exposure to the space
environment and to compare these changes with predictions based on labo-
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ratory experiments. The longer term objectives are to improve the per-
formance and usage of existing materials and to decrease the lead times for
application of new materials on DOD space systems.

Approach

The experiment consists of 19 subexperiments involving a number of
DOD laboratories and contractor organizations. (See table b.) In general, the
experimental approach with each of the subexperiments will involve com-
parison of preflight and postflight analyses. Typical analyses will include the
measurement of optical properties (reflectance, transmittance, and refractive
index), macruphysical properties, and microstructural properties.

Table f.Experiment Ml1003 Summary

Sub-
experiment

number

L

Stow Experimenter Organization

t Radar camouflage
materials and
ektro-optical
signature coatings

2 Laser optics

i Structural
materials
Solar-power
components

S Thermal control
material,"

[astir communica-
tion components

Laser mirror
coating

Gary Crider

Edward L. Pelton

Alan F. Stewart

Arthur H. Guenther

Charles Stein

Joseph F. Wise

Kenneth MasIoski

William L. Lehn

I. Sierchico

Ismael Otero

Steven C. Rockholm

R. M. F. Lintord

Terry M. Donovan

AFWAL Avionics
Laboratory
AFWAL Avionics
Laboratory
Air Force Weapons
Laboratory
Air Force Weapons
Laboratory
'Air Force Weapons
Laboratory
AFWAL Aeropro-
pulsion Laboratory
AFWAL Aeropro-
pulsion Laboratory
AFWAL Materials
Laboratory
AFWAL Materials
Laboratory
Air Force *ace
Division
McDonnell
Douglas Astro-
nautics Co.
McDonnell
Douglas Astro-
nautics Co.
Naval Weapons
Center
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Table tr.Concluded

Sub-
experiment

number

Scope Experimenter Organization

- 8 Composite mate-
rials, electronic
piece parts, and leo P. Buldhaupt
fiber optics

- 9 Thermal control Norman H. Kordsineler, Jr. Lockheed Missiles
materials, antenna 8 Co.
materials, compo- Robert Bragg L heed Missiles
site materials, and & Space Co.
c9ld welding

-10 Advanced compo- David A. Rose bus AFWAL Flight
site materials Dynamics

Laboratory
Gary L. Steckel The Aerospace

Corp.
-11 Contamination Eugene N. Borson The Aerospace

monitoriog Corp.
-12 Radiation Eugene N. Borson The Aerospace

dosimetry Corp.
-11 Laser...hardened T. A. Hughes

materials

Morton Kushner Boeing Aerospace
Co.
Boeing Aerospace
Co.

-14 Quartz crystal Donald A. Wallace
microbalance

-15 Thermal control Thomas A. Park
materials

-16 Advanced compo- Camille A. Gaulin
site materials

fim G. Gee

-17 Radiation Sam S. lmamoto
dosimetry

I. Bernard Blake

-18 Thermal control Genevieve C. Henault
coatings

-19 Electronic devices lames Ewan

Douglas H. Phillips

McDonnell
Douglas Astro-
nautics Co.
Berkeley
industries
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.
The Aerospace
Corp.

The experiment consists of four peripheral trays. two experiment power
and data systems, two experiment exposure control canisters, and LiS02
batteries to satisfy power requirements. The trays and FECC's will be used to
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retain a variety of thermal control coatings, composites, laser optics electron-
ic piece parts, fiber optics, solar cells, and LDEF experiment M0002-1.

A 6-in.-deep tray, a 3-in.-deep tray, a data system, and an experiment
exposure control canister will be located near the LDEF leading edge with the
trays connected by a wiring harness. A similar configuration will be located
near the LDEF trailing edge. Environmental exposure to the two locations
will be similar except that the leading-edge location will also be exposed to
relatively high fluxes of atmospheric constituents (primarilyatomic oxygen).
Figure 22 shows plotographs of two of the experiment trays.

The experiment is equipped to recent temperature, strain, and solar-cell
output voltage. These data will be recorded approximately every 107 hours
(approximately 78 orbits) for the duration of one orbit. The EPDS win he
programmed to record data periodically over a span of up to 15 months. Both
EECC units will be programmed to open in three stepped increments to vary
the UV exposure times. The iirst opening will occur approximately 10 days
after deployment, to minimize contamination. The second stepped opening
will occur at approximately one-third of the expected minimum flight dura-
tion. The third stepped opening will occur in approximately two-thirds of the
expected minimum flight duration. Prior to LDEF retrieval, the EECC units
will close to provide protection from contamination during retrieval oper-

ations.

1.*

I-

Leading -.midge tray, 3 in. itetv.

Figure 22.Experiment Af0003 flight configuration.
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conditioning
eiecbunics

(b) Trailing tray, 6 In. deep.
Figure 22. Concluded.

The fiber optics experiment will investigate the resistance of a fiber optic
cable to the effects of the space environment and will involve the illumination
of a I -kni fiber by a light-emitting diode (LED) source. A detector will he
used to monitor the radiance of the LED and a second detector will monitor
the output of the fiber. The difference between the two detectors will
represent the loss in the fiber. The fiber will he unsheathed so that radiation
effects can be introduced. The LED source, detectors. and fiber will he
electrically and optically characterized prior to the test. All composites will be
subjected to postflight analysis for comparison to the initial data. Failure
analysis will be used as required to identify failure modes and/or mechanisms
and indicate potential solutions to identified problems. The detectors will he
matched to minimize the difference between the individual detector charac-
teristics.
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Balloon Materials Degradation
(S1006)

David H. Allen
Texas A. & M. University

College Station. Texas

Background

There exists a need to expose a variety of very thin films to the space
radiation environment in order to gain sufficient data to properly support other
NASA programs involving the flight of extremely high altitude scientific
balloons. In particular, significant scientific benefit will be derived from the
development of a long-duration balloon platform capable of carrying pay-
loads on the order of 250 kg to altitudes greater than 40 km for periods in
excess of 60 days. The National Scientific Balloon Facility has actively
pursued this program for the past 3 years. However, the engineering of these
large systems could be significantly accelerated if data regarding degradation
and/or alteration of various material properties could be obtained and com-
pared to laboratory simulations of the space environment.

Objective

The objective of this experiment is to assess the effects of long-term
exposure of candidate balloon films. tapes, and lines to the hostile environ-
ment above the Earth's atmosphere. Degradation of mechanical and radio-
metric properties will be observed by a series of tests on exposed materials.

Approach

The experiment is passive and will test candidate balloon films, tapes,
and Imes. The experiment will occupy one-third of a 3-in.-deep peripheral
tray. as shown in figure 23. The materials to be tested are listed in table 7.
Two additional identical sets of material will be prepared. The first set will be
tested immediately and the second will be held in a controlled environment
until the recovery of the samples placed in orbit. Tests will then be performed
on this second set to determine any effects of aging. The specimens that are
recovered from the LDEF will also be tested and the effects of long-duration
exposure noted. In addition to these specimens. another set of specimens will
he exposed to the Texas A. & M. University accelerated exposure facility and
the results will he compared with those of specimens exposed in situ.

Subsequent to exposure. two types of tests will be performed on each
specimen. The films will he subjected to a uniaxial state of stress at room
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Figure 23.Balloon materials degradation experiment.

Table 7.---BaHoon Materials Specimens

I0.5-mil nylon 12 Ur
.5-mil nylon 12 MI311

1.0-mil Stratofilm TD
1.0-mil Stratofilm MD
.5-mil Stratofilm TD

Stratofilm MD
1.0-mil SFX TD
1.0-mil SFX MD

.5-mil SEX TI)
.5-mil SFX MD
.35-mil SFX TO
.35-mil SFX MD
.35-mil aluminized polyester
.92-mil Hostaphan 2000
.48-mil to .48-mil polyester with 400-denier Kevlar 29
.92-mil to .92-mil laminated Hostaphan 2000

Films

Tapes

Nylon-reinforced polyester (500 lb)
Kevlar - reinforced polyester (1000 Ib)
Pressure-sensitive adhesive tape (polyethylene substrate with reinforcing
polyester backing and silicon adhesive)

Nylon ir,tat lb)
kevlar (500 Ib,
kevlar 11000 lb)

Lines

''TI) transverse direction
hMI) meridional directional
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temperatiri- and at -:80T with a constant strain rate of 0.2 percent per
minute. The load and deformation will be recorded as a function of time and
stress- strain diagrams will be prepared. Five specimens of each film type will
be used to insure repeatability. After detailed elastic data have been taken. the
film will be loaded to failure.

It is anticipated that significant chemical changes will occur which will
affect the effective absorptivity and emissivity properties of the film. There-
fore. care will be taken not to clean or otherwise alter the surface of the
exposed films.
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Thernud Control Coatings Experiment
(A0138.6)

A. Pai llous
CERT/ONERA-DERTS

Toulouse, France

I-C. Guillaumon
CNES/CST

Toulouse. France

Background

In order to assess the degradation of thermo-optical properties of coat-
ings used on satellites, a space environment simulation is needed. It is
difficult to perform such a task in the laboratory because the simulation
involves good vacuum, temperature programming, and irradiation by ultra-
violet light and particles. In most cases, caution must be used in interpreting
the results because it is impossible to obtain light sources with a spectrum
similar to that of the Sun and also because accelerated tests are generally used.
A comparison of degradations obtained in the laboratory with degradations
obtained in space would be very valuable.

Objectives

The objectives of this experiment are to verify the validity of space
environment simulation performed in the laboratory ir order to measure the
stability of the thermo-optical properties of thermal control coatings, and to
compare the behavior in space of some materials for which the available
ultraviolet solar simulation is inadequate (especially in the far ultraviolet).

Approach

The experimental approach is to passively expose samples. re thermal
coatings of interesi. These coatings include black paint, aluminum paint.
white paint, a solar absorber, an optical surface reflector, second-surface
mirrors. metal coatings, and silica fabrics. Preflight and postflight measure-
ments of thermo-optical properties will be compared to determine the effects
of space environment exposure.

The experiment will be located with nine other experiments from France
in a 12-in.-deep peripheral tray. The thermal coating samples will be housed
in one of the three FRECOPA boxes located in the tray. (See fig. 12.) The
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FRECOPA box (fig. 13) will protect the samples from contamination during

the launch and reentry phases of the LDEF mission.
Samples will be independently maintained in sample holders that allow

their front face to receive maximum solar illumination when the FRECOPA

box is open. (See fig. 24.) Thirty samples will be tested. Twenty-nine

samples are 4/4 in. by -Y4 in. and cane sample is 11/2 in. by 11/2 in. Sample

thickness is less than Vs in. The maximum temperature during space exposure

will . recorded by passive temperature indicators fixed to the sample

mounting plate. Additionally, the ionizing radiation dose will be measured by

a passive LiF dosimeter.
The FRECOPA box will be closed in space after exposure and will be

kept under vacuum until optical measurements are completed in the laboia-

tory . The entire closed box containing samples under vacuum will be placed

in a vacuum chamber, where the optical reflectance spectrum ofeach sample

will be recorded using an integrating sphere. An additional set of samples will
be maintained in the laboratory for comparison with samples subjected to

space exposure.

Experiment y AlIAMM/1 4 FRECOPA box

A0138.6 -. r %WO MIL, -, (half)

0
4.1: twifFir1Liao.A.

10

PWir 'rfilf%k 404.,Auttkviri
0 1 FA IMI IM IkTil 11674 0 1r

Specimen 141k ..railriiiTailiraiiingll
ikomialiwre151

Pie#NNNtrAld11,";:x.ra5gA...19.4 ,,
klOPielimignimixico

11114.11: I
pi iarnowimk \ 1

N \ A,
Arb7171, mi

Passive
temperature
indicators

Spade for
experiment
A0138-7

Sample exposure
diam. - 3/4 in.

Frame of
sample holder

--Passive LiF
dosimeter

figure 24.Layout of thermal control surfaces experiment.
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Exposure of Spacecraft Coatings
(S0010)

Wayne S. Slemp
NASA Langley Research Center

Hampton, Virginia

Background

The degradation of thermal control coatings due to space radiation
exposure has caused spacecraft to overheat, leading to problems with sub-
systems and mission lifetimes. To prevent such problems, designers need to
be able to accurately predict the performance of thermal control coatings.
Several flight experiments have been conducted to obtain the necessary
coating performance data. Unfortunately, these data were limited to telemetry
information and the experiments were not returned for postflight evaluation.
Coating performance was determined from temperature measurements made
on sample coatings and increases in sample temperature were interpreted as
being caused by space radiation. With these experiments it was not possible to
distinguish between damage caused by space radiMion and that caused by
some other means, such as mechanical stress or contamination. To properly
isolate the cause of coating degradation, an experiment is necessary which
provides for the return of coating samples after space exposure for ground
laboratory evaluation.

Objectives

The objectives of this experiment are to determine the effects of both the
Shuttle-induced environment and the space radiation environment on selected
sets of spacecraft thermal control coatings.

Approach

The experimental approach is to passively expose samples of thermal
control coatings to Shuffle-induced and space radiation environments and to
return the samples for postflight evaluation and comparison with preflight
measurements to determine the effects of the environmental exposure. Two
additional sets of samples will remain in the laboratory and will be analyzed
for comparison with the flight data. Optical measurements of the samples will
include total normal emittance and spectral reflectance.

The experiment will utilize a 6-in.-deep peripheral tray and an experi-
ment exposure control canister (EECC). (See fig. 25.) The EECC willprovide protection for some of the samples against exposure to the launch and
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EECC (contains coating specimens)

'ft Th.

44§.. ::
.

tosae .
111 00ti0

lida.Lwarmi Jr" 1,11,

,-Experiment A0134

Coatings

figure 2SIxposure of spacecraft coatings experiment shown integrated with
experiment A0134.

reentry environments. The EECC will be programmed to open about 2 weeks
after LDEF tkploynynt and close prior to LDEF retrieval by the Shuttle and

reentry.
Some samples will not be housed in the EECC and will be exposed to the

Shuffle-induced environment during launch and reentry. Comparison of the

data from these samples with data from samples in the EECC exposed to only

the space radiation environment will yield information about possible
contamination-induced degradation effects.

Table $ provides a list of the thermal control coatings that will he
included in this experiment. Additionally. several materials specimens will
he located in the EEC 7C as control specimens for other LDEF experiments
(e.g.. A011.4 and A1)187).
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Table LS0010 Thema! Control Coatings

Type Composition Substrate
Second-surface mirrors Quartz-As

Teflon -Ag
Diffuse Teflon-Ag
Kapton-Al

Al
Al
Al
Al

Black paints Chemglaze, Z-306
IITRI, D-111

Al
Al

White paints Zinc oxide-silicate, Z-93
Zinc oxide-silicone, S-1300
Zinc orthotitinate-silicate, YB-71
Chemjlaze, A-276

Chromic acid, high emissivity
Chromic acid, medium emissivity
Chromic acid, low emissivity
Ni-Al
Ni -SiO2
Ni- Al -SiO2
Cr -SiO1

Al
Al
Al
Al
Al
Al
Al

Graphite-epoxy
Graphite-epoxy
Graphite-epoxy
Graphite-epoxy

Anodized

Sputtered
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Thermal Control Surfaces Experiment()
Donald R. Wilkes and Harry M. King

NASA George C. Marshall Space Flight Center
Huntsville, Alabama

Background

The optical properties of thermal control surfaces in the solar region of
the spectrum are of primary interest to spacecraft thermal designers since
these properties govern the solar-heat input to exposed surfaces (such as the
thermal radiators) and therefore influence the temperature of the spacecraft.
These properties, however, have been shown to be altered considerably under
the space environment, which includes solar inadiation, thermal vacuum.
micrometeoroid bombardment, and contamination. One such mechanism of
solar ultraviolet degradation is caused by photodesorption of oxygen, which
is immediately and cotnpletely reversible upon exposure to a very small
amount of oxygen (10-4 to 10' torr partial pressure). This type of bleaching
mechanism shows the necessity of in situ measurements of the optical
properties of environmentally damaged surfaces (i.e.. in vacuum before
repressurization).

Until now, no optical measurements of thermal control surfaces have
been made in space. Temperature measurements of thermally isolated
samples have been used to back-calculate solar absorptance and thermal
emittance. This type of measurement is not as definitive as required and ices
not describe the spectral character of the sample surface. Spectral reflectance
measurements of the samples are required to differentiate between different
damage mechanisms of environmental effects and to separate contamination
effects.

Additionally, because of the inability to simulate exactly the conditions
of the coating surface temperature and the solar spectrum. there is a makr
difference between laboratory test data and in-flight experiment data. Al-
though the current generation of laboratory test apparatus is extremely
complex and well thought ant, it provides only relative data on the deg-
radation of coatings in actual space conditions. The only accepted test for
flight qualification of new coatings is to have them evaluated in actual
conditions of space flight in the space environment where they will be used.

OljectIves

The objectives of this experiment are to determine the effects of the
near-Earth orbital environment and the Shuttle-induced environment on
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spacecraft thermal control surfaces. Spectral reflectance measurements will
be obtained and used to differentiate between different solid-state damage
mechanisms of environmental damage, to separate the effects of con-
tamiratitm from those of natural-environmental damage. and for comparison
and correlation with laboratory test data.

Approach

The experiment is designed to measure certain physical properties of 25
"active" spacecraft thermal surface samples in an environment that ap-
proximates their normal use. The parameters to be measured include the
hemispherical reflectance as a function of wavelength (100 wavelength steps
from 0.25 to 2.5 p.m) and the temperature of these samples as a function of
time in. a calorimeter configuration. The latter measurements will be made in
two different physical configurations that allow calculation of the etnittance
and the ratio of solar absorption to emittance for each sample. In addition, 24
passive samples will be exposed to approximately the same environment as
the active samples.

Figure 26 shows a simplified block diagram of the experiment. figure 27
shows the experiment layout in a 12-in.-deep tray, and figure 28 is a
photograph of the flight hardware. The active samples are contained in
calorimeter assemblies and are mounted along with the passive sampleson the
carousel. In addition. three radiometers (solar and Earth albedo, Earth
albedo, and earthshine) are also mounted on the carousel. The radiometers are
used to measure the radiant energy incident upon the samples, which is
required for calculating the ratio of absorption to emittance, and to provide a
record of the total exposure of the samples to the solar ultraviolet.

The carousel has two fixed positions. referred to as in IN, or protected.
and OUT, or exposed. The OUT position exposes the samples to the
environment. The samples are in this position approximately 231/2 hours for
every Earth day. including the 11/2-hour period each day when temperature
and radiometer measurements are being recorded to determine the ratio of
absorption to emittance. The carousel is rotated 180° from the OUT position
to the IN position for the emittance measurements for approximately 1/2 hour
each day. For these measurements, the samples view a massive heat sink
(aluminum "emittance" plate) which maintains a relatively constant temper-
ature, and temperature change as a function of time is recorded for each
sample

The IN. or stowed. position also places the samples and radiometers in a
protected enclosure for launch and reentry. This position is also maintained
tin- 10 days after launch to allow volatiles to outgas prior to starting experi-
mental operations.
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The reflectometer assembly includes an integrating sphere. which is
located at the bottom of the morsel assembly. The carousel is rotated by a
sawing motor drough a geneva drive mechanism to position each of the 25
active saves in the imegrating sphere aperture. where sample reflectance
can be measured. Each sample will be measured 20 times (hying the LDEF
mission, nominally once per moth with measurements slightly none often
near the beginning of the mission.
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figure 26. Simplified block diagram of thermal control surfaces experiment.
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Radiometers

Active
samples
(calorimeters

Passive
samples

Three Li
batteries

Tape
order

Processor
unit

Emissivity
plate
(cover)

IR lamp
assembly

Transformer
power supply

"-UV lamp
assembly

Lamp
power supply

Monocbrometer
Thermal
control Integrating
surface - sphere --

figure 27.- -Thermal control surfaces experiment layout showing location of
components.
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figure M. Photograph of carousel showing samples.
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ion- Beam-Textured and Coded Surfaces I.rxperitnent
(S1003)

Michael J. Mirtich, Jr.
NASA Lewis Research Center

Cleveland, Ohio

Badtground

Future spacecraft relying on thermal control surfaces or solar thermal power
generation will be subjected to the near-Earth Shuttle environment prior to
insertion into a geosynduonou. orbit. The conbined effects of the near-Earth
Shuttle environment may be synergistic and may cause appreciable degradation
prior to geosynduunous-orbit operations. In situ exposure of various candidate
surfaces is required to evaluate makrial, optical, and/or electrical property
durability so that a choice of surface materials can be made with respect to optical
and/or electrical performance. durability, and contamination protection
requiremern.s.

Objective

_ rte objective of this experiment is to measure the effects of exposure to the
Shuttle launch and now-Earth space environments oil the optical properties of
km-beam-textured high-absorptance solar thermal control surfaces, the optical
and electrical properties of km-beam-sputtered conductive solar thermal control
surfaces, and the weight loss of ion-beam-deposited oxide-polymer films.

The various types of surfaces to be teftd include six major categorim: ( I )
ion-beam textured surfaces suitable for space solar-thermal (solar concentrator)
:triplication (e.g.. materials such as copper, aluminum, Inconel, stainless steel.

al silver); (2) painted and/or state-of-the-art solar thermal surfaces (e.g. black
ctuume); (3) ion-beam-spuuered conductive coatings for thermal and space
charge control (e.g.. indium-oxide-coated metalized FEP Teflon); (4) ion-beam-
sputtered conductive coated solar-sail materials for space charge control and
cooling through emittance (e.g., sputtered coatings on Kapton such as indium
oxide, aluminum, and chromium); (5) micrometeomid-sensitive samples whose
optical properties change only as a result of mictometeoroid impact: and (6)
Kapton coated with oxide-polymer films to minimize oxygen degradation at
near-Earth-orbit altitudes.

The objective for the first two categories of samples is to verify that the
optical properties of the microscopic cone or ridge-type ion-beam-textured
surfaces are more resistant to degradation than conventional solar thermal
surfaces. The objective for the third and fourth categories of samples is to
evaluate the electrical and optical durability of conductive coatings for thermal
control and solar-sail radiative cooling grplicatiems. The objective for the
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ti category sample is to identify changes in the optical propertks which can be
attributed to micrometeoroid impact. The objective for the sixth category is to
measure any changes in optical or material properties of oxide-polymer-coated
Kapton after exposure to the oxygen atom environment in near-Earth (Shuttle)

orbit.
Approach

The experimental approach is to passively expose the samples to all
environments of the entire mission. The optical properties (absorbance and
emittancel of each surface will be measured in ground tests both before and after
exposure to the environment. This will be done by experimentally measuring the
spectral reflectivity between 0.33 and 2.16µm using a GierDunkle integrating
sphere to obtain the solar absoiptance. The emittance will be obtained by
measuring the spectral reflectance in the infrared between 1.5 to 15.5 p.m using a
Holraum retlectometer.

Electrical conductive coatings will be resistance documented before and
after the I..DEF flight. Comparisons will he made between the durability of the
painted surfaces and the ion- beam - textured or sputtered surfaces. Additional
tests. including weight loss. Auger and SEM measurements and/or chemical
analyses may also he performed as the data warrants.

The experiment requires one-sixth of a 3-in.-deep peripheral tray. Figure 29
illustrates the experiment configuration and table 9 lists the samples that will be
tested.

figure ). .hero- beam- textured and coated surfaces experiment.
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Table 9. Textured and Coated Surfaces Samples

Sample
number

External
exposed surface Substrate

1 0.1-pm Au on textured
surface

2 0.1-pm Au on textured
surface

I Textured
4 Textured
5 Textured

6 Uncoated
7 0.06.5-p.m 4% KITE +

%% SiO2
8 Textured

9 0.065-pm Si01
10 Textured
11 0.1-pm Al on textured

surface
12 0.070-pm Al 20

Textured
14 0.065-pm 4% PTFE +

96% 510.
15 Textured

16

17

18

19

0.065-pm 510.
Textured
Textured
Textured

20 Textured

21

22
2.1

In,02
In JOI

Untextured

24 Untextured

25 0.1-pm Al
26 .0711-pm A120,
27 Black chrome

28 Untreated
29 Untreated

FIP Teflon

FEP Teflon

Si

Si

Ti
(6% Al, 4% V1
Kapton
Kapton

304 stainless
steel
Kapton
Inconel
Cu

Kapton
Cu
Kapton

Pyrolytk
graphite
Kapton
K.apton
Kapton
Kapton

Kapton

FEP Teflon
FEP Teflon
FEP Teflon

FEP Teflon

Kapton
Kapton
Ti

(6 % AI, 4% V)
Grafoil
Kapton

Internal
unexposed surface

Untreated

Untreated

Polished
Polished
Untreated

Untreated
Untreated

Untextured

Untreated
Untreated
Untreated

Untreated
Untextured
Untreated

Untextured

Untreated
0.1-pm Al
0.1-pm AI
0.2-pm Ag on
textured surface
01-p.m Ag on
textured surface
0.15-pm Ag
0.15-pm Ag

Ag on
textured surface
0.1-p.m Ag on
textured surface
Textured Kapton
Untreated
Untreated

Untextured
0.1-gm Al
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Sample
number

External
exposed surface! bsSu trate Internal

Unexposed surface

.30 Untreated HP Teflon 0.15-pm Ag
31 Nextel paint Ti Untreated

(6% Al. 4%V
32 S-136 Al Untreated
33 Embossed FEP Teflon 0.15-pm Ag
34 Uncoated Kapton Untreated
.35 2000-A Ai 304 stainless

steel
Untreated

iti 1.0-pm Mo Fiberglass
composite

0.2-pm Mo
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Cascade Variable-Conductance Heat Pipe
(A0076)

. Michael G. Grate and Leslie D. Calhoun 11
McDonnell Douglas Astronautics Company

St. Louis, Missouri

Background

A number of spacscraft applications could benefit from a precise tempera-
ture control system which requires zero electrical power. The chy-reservoir
variable-conductance heat pipe (VCHP) system will.provide this capability, but
its performance capabilities have not been adewately demonstrawd in

014ective

The objective of this experiment is to verify the capability of a cascade
variable-conductance heat pipe (CVCHP) system to provide precise emperature
control of long-life spacecraft without the need for a feedback heater or other
power sources for temperature adjustment under conditions of widely varying
power input and ambiera environment.

Approach

The approach to conducting the experiment is consisterg with the LDEF
capabilities (i.e.. relatively long duration, zero gravity environment, and mini-
mal electrical power and data system capability). Solar energy is the heat sourte
and space the heat sink for thermally bading two series-connected
conductance heatheat pipes. Electronics and power supply equipment requirements
are minimal. The experiment power data system (EPOS) in LDEF experiment
S1001 (Low-Temperature Heat Pipe Experiment Package (HEPP) for LDEF)
will be used for data recording. A 7.5-V lithium battery supplies the power for
thermistor-type temperature sensors for monitoring system performance, and a
28-V lithium battery supplies power for valve actuation.

The experiment will occupy a 6-1n.-deep peripheral tray located on the
leading edge of the LDEF. Two external-surface subpanels will be employed
which are thermally coupled to opposite ends of two series-connected variable-
conductance heat pipes. One panel will be designed as a heat absorber through
application of a high vie (absorptivkylernissivity) surface coating, and the
second will be a radiator with a low ak surface coating. Mukilayer insulation
and fiberglass structural attachments are used to thermally isolate the experiment
from the LDEF tray structure and interior. Each of the heat pipe evaporators will
be maintained within preselected temperature ranges by sizing the collector.
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radiator, and insulation and by servicing the noncondensible dry gas reservoirs.
thus demonstrating passive variable-conductance heat pipe operation.

Figure 30 shows the CVCHP experiment configuration. which uses two
gas-loaded. dry-reservoir VCHP's in series. The coarse-control heat pipe tem-
perature is controlled to plus or minus 3°C and is used as a sink for the
fine-control heat pipe. The dry gas reservoir temperatures are controlled by
locating the reservoirs next to the heat pipe evaporators. The principal concern is
drift in the set point temperature due to many heat load and/or environment
temperature cycles. The cyclic operation will move vapor into or out of the
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noncondensible gas reservoir. which changes the set point temperature by
introducing a varying working-fluid partial pressure into the gas reservoir. The
capillary tube is located between the heat pipe and the reservoir to prevent
working fluid fmm entering the reservoir. The diameter and length of the
capillary are selected to satisfy two criteria. First, the capillary must prove*
sufficient volume to accommodate the entire volume of gas displaced when the
vapor front moves (mm its minimum to its maximum position. Second, the
capillary length must be sufficient to prevent diffusion into the reservoir for the
mission lifetime.

The heat pipe wick design. shown in figure 31. has a single-pedestal artery
with seven tubelets enclosed in a sheath of two layers of 400-mesh screen. The
sheath provides the high capillary pumping pressure and the tubelets provide
high permeability to reduce the axial pressure drop. The wall wick has a
200-mesh outer layer for low pressure drop and a middle layer of 4tX) mesh for
capillary pumping.

Ammonia is used as the working fluid for both heat pipes. The coarse-
control vow has a reservoir -to- condenser volume ratio of 20. which will yield

200-mesh outer layer

400 -mesh middle layer

0.375-in.-diameter
/ stainless-steel tube

Interleaved 400-mesh
continuous wall sr. reen

z/ Two 400-mesh
st reen layers

I Niue J. Heat pipe wick design.

mesh

Middle 4(X)-
mesh layer

Seven tubelets of 400-mesh
sc reen 0.032 in. diameter
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a control band of plus or minus 3°C. A larger 90-to- 1 volume ratio is used on the

fine-control heat pipe to attain a control of plus or minus 0.3 C. The fine-control
VCHP has 85 m of capillary. and the course-control VCHP has a larger 13.4-m
swim because of its larger condenser volume.

Experiment operation begins when the battery circuit is initiated at LDEF
deployment from the Shuttle. When the temperature of the fine-coarse heat

exchanger falls below 7°C. a valve opens to permit initiation of the coarse-
.contlol VCHP and allow the heat pipes to prime prior to beginning VCHP
operation. This temperature-controlled initiation ensures that heat pipe tempera-
tures are below their operating set point so that vapor is not forced into the
reservoirs. Twenty-five hours later, another valve opens to initiate the fine-
control VCHP operation. This delayed opening permits data to be taken on a
stabilized mane-control VCHP before fine-control VCHP operation. Data will
be collected at least twice daily during the LDEF mission and will be stored on

magnetic tape for subsequent retrieval and playback.
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Materials. Coatings. and Thermal Systems

ins configuration was developed to minimize parasitic inputs from the Earth and
maximize radiation to deep space.

HEPP is a completely self-contained and thermally isolated package
designed to fit in a 12-in.-deep peripheral tray. as shown in figure 32. The
necessary electrical equipment. including electronics for signal conditioning
sequencing and command functions. will also be contained within the experi-
ment tray. A standard LDEF experiment power and data system (EPDS) will be
used for data collection and recording. Power for the experiment will be provided
by a dedicated solar-panel Ni-Cd battery system in another 12-in.-deep tray (fig.
33). This tray will be located on the space-facing end of the LDEF to take
maximum advantage of Sun input for experiment operation.

After completion of the LDEF mission, the recorded data will be unpacked
and converted to engineering units. The existing thermal model will be used to
analyze and correlate the flight data. The flight data will be used to establish
boundary conditions; the thermal program will then determine individual heat
pipe heat flows and conductances. diode shutdown energy. and PCM perfor-
mance. Data tabulations and plots will be generated and compared with preflight
predictions and thermal-vacuum test results. Performance mutts derived from
the .analysis will he reported following preflight and postflight tests.

Additionally. as a result of Kapton erosion seen on Shuttle flights. control
samples have been added to some of the trays as an atomic-oxygen coatings
investigation to determine ways of protecting Kapton (polyimide) film from
atomic-oxygen degralation. Several specimens Kapton control. Kamm with
coatings of 1n204. urethan e-aerylic. and silicones) will be taped to Kapton film
(14 in. square) using Kapton-back ,cessure- sensitive tape. This sheet will then
he taped to the HEPP tray Kapton blanket. A duplicate set lf specimens will be
similarly taped to the CVCIIP blanket. In the case of the power tray. a lesser
number of specimens will he taped directly to the metal lip of the tray.
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Multi layer insulation

Transporter heat pipe
(coupled with PCM
and radiator)

S

Diode heat pipe

PCM canister
(rear of radiator)

Main radiator

Shields

Shield radiators

Figure 32. Low - temperature heat pipe experiment shown during LDEF
amnpatihihty test.
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figure 33.Solar-panet Ni-Cd battery system.
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'Transverse Eltd-Plide Heat Pipe Experhnent
01005)

James W. Owen
NASA George C. Marshall Space Flight Center

Huntsville, Alabama

Fred Edelstein
Grumman Aerospace Corporation

Bethpage, New York

Background

For a number of years, NASA Marshall Space Flight Center has actively
pursued the practical application of heat pipe to to actual thermal
control hattlwiur. A number of heat pipe t have been developed into
bremilmiwd hardware and extensively - under thermal vacuum condi-
tions to verify performance. For example I have been successfully

which demonstrated a , heat pipe radiator, transvme
heat pipes. an isothermal heat pipe piate,i and a total heat pipe thermal control
system. In addition to these hardware/ programs, thermal investigations

off
-future vehicles, such as the space e 4. 4 strongly indicate the advamages
heat pipe thermal ami o! systems. ith this overwhelming support favoring
heat pipe thermal ccmtiol s , future payloads currently in the early
design phase still revert to * thermal central techniques. This
experiment offers a unique opportunity to provide flight demonstration of
currently available heat pipe dame! control technology to remove the stigma
from its general acceptance for space applications.

A transverse heat pipe is a variable-conductance heat pipe (VCHP)
which can handle relatively large thermal loads. It was developed to cir-
cumvent the gas bubble artery blockage problem associated with con-
ventional artery wick designs which limited their capacity to small loads in the
VCHP mode. In the basic design of a transverse beat pipe, liquid flows in a
direction transverse or perpendicular to the vapor flow. Temperature control
is achieved by using conventional noncundensible -gas techniques.

The concept of this investigation is to utilize current basic heat pipe
technology to design and fabricate a heat pipe thermal control module
experiment, demonstrate the hardware capability and performance in the
Shuttle flight environment, and verify the ground versus flight data cor-
relation. It is anticipated the the self-regulated transverse flat-plate heat pipe
will maintain the temperature control areas of the experiment within the
tolerance specified with varying heat inputs independent of LDEF
orientation.
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Objective

The objective of this experiment is to evaluate the zero-g performance of
a number of transverse flat-plate heat pipe modules. Performance will include
the transport capability of the pipes. the temperature drop. and the ability to
maintain temperature over varying duty cycles and environments. Ad-
ditionally. performance degradation, if any, will be monitored over the length
of the LDEF mission. This information is necessary if heat pipes are to be
considered for system designs where they offer benefits not available with
other thermal control techniques.

Approach

As shown in figure 34. three transverse flat-plate heat pipe modules will
be installed in a 12-in.-ckep peripheral tray. Heat will be supplied to the
evaporator side of the module by a battery power supply that will simulate
various watt density equipment heat dissipators. This heat will be radiated to
space from the outboard-facing radiator surface of the modules. Pretimed
heater duty cycles will provide load inputs at discrete mission times. Ther-
mocouple data recording the perfiwniance of the heat pipes will be stored on
magnetic tape for analysis after retrieval of the experiment. The entire
experiment will be self contained with respect to powesupply. data storage.
and on-orbit cycling. An experiment power and data system (EPDS) will be
used for the data recording and LiS02 batteries' will provide EPDS power.

Heat will be supplied to the modules-thniugh foil heaters bonded directly
to the interior surface of the modules. The batteries and other components are
not utilized to supply heat to the modules because it was desired to be able to
accurately control the module environments and vary the heat loads to alloW a
more detailed verification of the experiment cwability. Heater power; will be
provided by 28-V lithium monofl ucwopaphite batteries.

The experiment timeline is shown in figure 35. Three identicaUexperi-
ment "on" times are planned during the mission. Each "on" time Will last
approximately 13 hours (8.6 orbits) and will have heat input to the motiules as
shown in figure 36. Each "on" period will be subdivickd into two 4.3 -orbit
!water input periods to verify proper operation of each module. The initial
"on" will occur approximately 1 month after launch. the second "on" 67.5
days later. and the third 67.5 days after that. The three identical "on" periods
at different times of the mission shorld allow identification of any perfor-
mance changes during orbital lifetim
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figure N. --- Transverse flat-plate heat pipe experiment.

83



Materials. Coatings, and Therm! Systems

Three identical experiment
"on" periods lasting
13 hours 05.6 orbits?

10

14

I

days t,7.5 day% h7.5 days
114

r.

a
1

1.i hour.

1 1 I
14

1

launch 1 2 i 4 5

Month%

figure i; I pertment trtnlm.

I
1

4) 11 i 25 W

41) W

1511'

1.1..1 80

tits; 4.; tubits

!um. 44 ttr 4,. hr

itgale it,. I leafing st.tibent

A
25 W i 25 W

W

iU W

84

total power W

Second 4. S orbit%

Time: ir.1 to 1 i hr

77



LDEF Thermal Measurements System
(P0003)

Robert F. Greene, Jr.
NASA Langley Research Center

Hampton, Virginia

Background

Many of the passive experiments flying on LDEF will be significantly
enhanced if data are available postflight to indicate the temperature-time
histories of test materials and other specimens exposed in the experiments.
The baseline LDEF approach was to provide postflight calculated tempera-
ture histories of experiment boundaries and solar flux data for the mission,
which can in turn be used by each investigator to calculate the temperature-
time histories for critical experiment components. Without in-flight tempera-
ture measurements, a substantial uncertainty (± 40°F) will exist in the
calculated temperatures. The data measured by the thermal measurement
system (THERM) will significantly improve postflight knowledge of temper-
atures experienced by LDEF experiments. The THERM data will also be
valuable in validating the LDEF thermal design concept and in providing
better design data for experimenters on future LDEF missions.

Objectives

The objectives of this experiment are to determine the history of the
interior average temperatures of the LDEF for the total orbital mission and to
measure the temperatures of selected components and thermal boundary
conditions.

Approach

the THERM system consists of six copper-constantan thermocouples
(TLC's), two therrnistor reference measurements, an electronic system, one
7.5-V battery, and an interface harness with the HEPP experiment. Data are
recorded on dedicated channels of a shared EPDS tape recorder in the
low-temperature heat pipe experiment package (HEPP) (S1001).

The THERM hardware locations are shown on LDEF in figure 37.
Measurement I provides the temperature of the center structure and a backup
measurement of the average temperature. Measurement 3 is on the top of the
dome surrounding the viscous magnetic damper. Measurement 4 is on a
radiometer susperukd in the middle of the center ring and is designed to track
the average interior temperature of LDEF. Measurement 5 is on a side
longeron structure that is expected to see the maximum structural tempera-
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HEPP experiment

T/C no. 6
(space end
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electronics

T/C no. 4 (suspended radiometer)

TiC mi. 5

Istvan. 17 location of THERM hardware on WEI.

lure. This measurement can also be used for rough attitude determination of
the LDEF. Measurement 6 is on the space end of the structure and provides a
representative boundary condition for the experiments mounted on the space
end. Measurement 7 gives similar data for the Earth-facing end. Measure-
ments 2 and 8 are thermistors that measure the reference junction temperature
in the THERM electronics.

Operationally. THERM will be activated when it receives its own
initiate or 'set" signal from LDEF just prior to LDEF deployment into orbit.
Routine scans of data will be taken about 12 times daily: however, on
occasions during the mission the HEPP logic will trigger the EPDS to record
data in the high-frequency data recording mode for periods up to 15 days.
During the high-frequency mode. data scans will be taken every 5 minutes to
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provide temperature profiles throughout typical orbits. The THERM data wi
therefore provide both long-term and transient temperatures. Total system
accuracy is within plus or minus 10°F for all measurements over a range from

30°F to 170°F.
The THERM data, other experiment temperature data, and LDEF

attitude information will be reduced and analyzed postflight to provide each
experimenter with an improved time history of the experiment boundary
conditions encountered during the LDEF mission.
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Space Plasma High-Voltage Drainage Experiment
(A0054)

William W. L. Taylor and Gene K. Komatsu
TRW Space and Technology Group

Redondo Beach, California

Badqgrosuld

Thin dielectric films are frequently employed as the coating materials for
solar arrays and in thermal control applications. These films are subject to
electric stress as a result of either voluntary or involuntary actions. For
solar -array applications, the presence of array voltages causes electric stress
across the dielectric film and to the space plasma, with resultant current
drainage from the plasma to the array cells. As array voltages are raised,
electric stress and current drainage levels also rise and may impact array
operation and efficiency . For both thermal control coating materials and array
coating materials on spacecraft immersed in energetic particle environments
in space. involuntary charge buildup occurs and results in both transient and
steady-stale current drainage that may impact spacecraft operation.

Objectives

The objectives of this experimentare to place large numbers of dielectric
samples under electric stress in space; to determine their in-space current
drainage behavior; to recover, inspect, and further test these samples in
laboratory facilities; and finally to specify allowable electric stress levels for
these materials as applied to solar-army and thermal control coatings for
prolonged exposure in space. These findings, in turn, will pace the design of
encapsulated, lightweight, high-voltage solar arrays as well as the develop-
ment of coating materials for spacecraft operation in energetic charged-
particle environments such as that experienced at geosynchronous altitudes
during magnetic substonn.s.

Approach

The drainage current behavior of thin dielectric (insulating) films in
space is determined by placing the forward (exposed) face of the film in
contact with the space plasma while applying a bias voltage to a conducting
layer on the rear (noiiexposed) face. Current flow from the rear-fact con
duction film through the dielectric to the charged-particle environment of
space occurs as a result of the bias potential. The completion of the current
loop OCCUrS when charged particles are collected from the space plasma by the
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frame of the LDEF and are then delivered to the ground return of the bias
voltage supply. Figure 38 illustrates the experimental arrangement. The bias
potential is developed by a, self-contained battery and power processor unit.
Each dielectric sample has an associated battery and power processing unit.
except for the "spectator" samples. which are not electrically stressed in
flight and hence allow a determination of theeffects of merely being present
on the LDEF. Figure 39(a) illustrates the dielectric sample construction. The
actual experiment will occupy two 3 -in. deep peripheral trays. One tray will
he located near the LDEF leading edge and the other will be near the trailing
edge. This configuration will allow the determination of charged-particle
drainage as a function of plasma density. Figure 39 b) shows a top view of one
tray. minus the test samples.

The dielectric sample power processor is equipped with two cou-
lometers. The first of these is in series with the bias voltage lead and
determines the integral of the drainage current during the flight. The second
milometer. which has a high-value in-series resistor. is placed between the

COndut Ong layer 1/1"/
at rear face of e Dielectric film
dielectric film

0,0 Space plasma

/ front (exposed) face of film

( oulometer
determines
time integral
of drainage
current.. - ----

( milometer
determine
time integral
of applied-hi"
potential

Power
pmt essing

unit

flattery
pat k

-1D11 frame
grotind

Storage
t apat itor

figure. iti. Highvoltage drainage experiment concept.
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figun. t4. .Space plasma high-voltage drainage experiment.
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bias potential and LDEI: ground to detennine the time-integrated applied-bias
voltage. An average frnt-to-back resistance of the dielectric sample is
determined from the measured time integrals of drainage current and bias
potential, and the bulk resistivity of the dielectric material under applied
stress and in the space environment is determined from known surface area
and film thickness. it' this bulk resistivity remains greater than certain
minimal limits for a given 'bias potential. then use of the material for
high-voltage solar arrays would he permitted tbr this series of ,ycified
environmental and electrical conditions. Deterioration of dielectric properties
under continued stress would rule out use in the high-voltage arrays and
would present significant long-term equilibration data for spacecraft coating
materials subjected involuntarily to charge and voltage buildup because of
energetic charged-particle deposition.
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solar- Array -Matte Passive LDEF Experiment
(A0171)

Ann F. Whitaker. Charles F. Smith. Jr., and Leighton E. Young
NASA George C. Marshall Space Flight Center

Huntsville, Alabama

Henry W. Brandhorsi. Jr., and A. F. Forestieri
NASA Lewis Research Center

Cleveland. Ohio

Edward M. Gaddy and James A. Bass
NASA Goddard Space Flight Center

Greenbelt, Maryland

Paul M. Stella
Jet Propulsion Laboratory

Pasadena, California

Background

The long-duration functional lifetime requirements on lightweight high-
performance solar arrays demand careful selection of array materials. The
space environment, however. is a hostile environment to many materials, and
some of the problems are well documented. A thermal-vacuum environment
can affect materials by accelerating the outgassing of volatile species. The
condensation of these outgassed products on array cover slips will lead to
reduced solar-cell electrical output, a situation that is especially critical at
high astronomical units (AU's). Outgassing can reduce mechanical strength
in materials, which will affect the integrity of the array substrate, hinges, and
deployment mechanisms and create electrical problems through insulation
breakdown. A further effect of outgassing is the degradation of thermal
control and reflector surfaces. Some extended performance arrays that have
been studied but never flown utilize deployable concentrators whose re-
flectance is especially important at large AU's. Protons, electrons, atomic
oxygen. and UV irradiation contribute to surface damage in these array
materials. Thin-film materials can become endwittled and thermal control
surfaces can become discolored by this irradiation. Severe mission environ-
ments. coupled with the lack of knowledge of space environment materials
degradation rates. require the generation of irradiation and outgassing engi-
neering data for use in the design phase of flight solar arrays.

$6
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Objective

The objective of this experiment is to evaluate the synergistic effects of
the space environnwnt on various solar-array materials. including solar cells.
cover slips with various antireflectance (AR) coatings, adhesives. encapsu-
lants, reflector materials, substrate strength materials, mast and harness
materials, structural composites. and thermal control treatments.

Approach

The experiment is passive and consists of an arrangement of material
specimens mounted in a 3-in.-deep peripheral tray. A photograph of the tray.
which has been subdivided among the various experiment organizations. is
shown in figure 40. The effects of the space environment on the specimens
will be determined by comparison of preflight and postflight measurementsof
mechanical. electrical, and optical properties.

(:(nripi)sotes--,\.

thin films

Solar cells with covers

rSolar cell modulesrmirrors

O

411.Solar-array materials experiment.

r_ Metals and resins

Ir- Thermal plastics and
I structural films
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Advanced Photovoltaic Experiment
(S0014)

Henry W. Brandhtwst. Jr.. and A. F. Forestieri
NASA Lewis Research Center

Cleveland, Ohio

Background

The advanced photovoltaic experiment consists of a group of three
pti rovoltaics-related experiments for investigating a portion of the solar
spectrum and the effect of the space environment on photovoltaic~. The
information will he used to provide correlation between space and ground
testing and also to provide for more accurate performance measurement in the
laboratory.

Objectives

Specific objectives of these experiments are to provide inforniation on
the performance and endurance of advanced and conventional solar cells, to
improve reference standards for photovoltaic measurements, and to measure
the energy distribution in the extraterrestrial -solar spectrum.

Approach

-1-he experiment will occupy a 12 -in. -deep peripheral tray and w ill use an
experiment power and data system tEPDS) for data recording and LiSO,
batteries to satisfy power requirements. Figure 41 shows a photograph of the
experiment.

The experimental approach for the three experiments is detailed below.

Space ""Ure of Solar Cells

:xposure of advanced and convensional cells will provide infor-
mation on the performance and endurance of such cells in the space environ-
ment. Correlation between space environment and ground simulation test
results will also he verified by this experiment.

Data to he obtained will include temperatures and short-circuit current of
the samples. Six-point current-voltage t14-V) characteristics will be obtained
for selected samples. These data will he recorded once a day during the flight.
Orbit data w ill he correlated with preflight and postflight measurements of the
samples.

)4S
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A Nutt. - 1.--Advanced photovoltaic experiment.

Reference Solar-Cell calibration

Various reference cells. including some pre% joust.% measured on bal-

lon. aircraft, or rocket flies, will he measured before flight and through<ut

the flight to determine their outputs t short-circuit current). Upon return. those

cells with known output in space will serve as laboratory standards fOr
accurate determination of space output from other cells and arrays. The flight

of pre joust) calibrated cells Win permit verification of the accuracy of the

various calibration techniques.

Solar Spectrum Energy Distribution

A series of optical handpass filters coupled to solar-cell detectors IA ill be

used to determine the energy in l( spectral regions between 0.3 and 1.1 p.in.

In addition, the total energy in the spectrum above and below 0.5 p.m u ill he

measured using a dichroic 45" mirror. The characteristics of the filters w ill he

measured both preflight and postflight. The energy within the appropriate
bandpass will he determined from the short-circuit current of the detector
solar cell measured in space. These measurements will be used to assess the

accuracy of laboratory instruments such as the lifter wheel solar simulator.
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Finally. the total energy in the solar spectrum will be determined with an
absolute radiometer detector.

The Hollow ing participants have supplied samples for these experiments:
Air Force Wright Aeronautical Laboratory Applied Solar Energy Cor-
poration; Comsat Laboratory: European Space Agency; Hughes Research
Laboratorx; Jet Propulsion Laboratory; Lockheed Missiles and Space Com-
panx . Inc.: NASA Langley Research Center: NASA 'Lewis Research Center:
NASA Marshall Sr Might Center: Rockwell International Corporation;
Solarex Corporation etrolab Inc.; Spire Corporation; and Varian
Associates.

Experiment operatic will he automatically timed by the LPI)S clock.
which begins w ith an init. 1e command at LDEF deployment. Data will he
recorded once each day when a maximum Sun angle less than 20 is reached.
This w ill he determined by a two-axis Sun angle sensor. which detects the

maximum cosine angle for the data period.) A scan of data will consist of
Inning. Sun sensor output. temperatures, six-point current-voltagedata of It,
solar cell.. and short-circuit currents 01 120 cells. Approximately 1 month
prior to planned retrieval of the 1.D1:1*. the experiment will he terminated.
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Investigation of Critical Surface Degradation Effects

on Coatings and Solar Cells Developed in Germany
(S1002)

Ludwig Preuss
Space Division. MesserschmittBiilkowBlohm

Munich. Federal Republic of Germany

Background

Various coatings developed in the FRG (i.e.. secimd-surface mirrors

with interference. filters with and without conductive layers. conductive

layers on solar-cell covers. and selective absorber coatings) have been

qualified by accelerated tests under simulated space environment conditions.

Experiments with coatings and solar cells have shown, however, that the

thereto- optical behavior can differ considerably when performed on the

ground and in space because of the great difficulty in simulating the space

envin miim! realistically.
Objectives

The obiectixe of this experiment is to qualify these coatings under

realistic space environment conditions. In addition, the experiment will

provide design criteria. techniques. and test methods to insure control of the

combined space and spacecraft enx ironment effects, such as contamination.

electrical conductance. and optical degradation, on the coatings.

Approach

Figures 42 and 43 show the experiment arrangement and electronics

block diagram. and table l() lists the samples to he investigated. Test samples

will he installed in an experiment exposure control canister t EIFCC) and on a

cover sheet near the upper surface of the 6-in.-deep peripheral tray. The

samples in the canister will he exposed only to the space and spacecraft

environment because the canister will be opened after LINT deployment and

closed prior to LI)F retrieval. The other samples will he exposed to the

complete mission environment Data to be measured include the temperature

of the samples. the electrical resistance of the conductive layers of the

samples. the short circuit current (tithe solar-cell modules. and the deposition

of contaminants on the samples (using quart/ crystal microbalances

tQCM's».
The data w ill be measured according to a defined time program and will

be amplified. digiti/ed. and stored on a data recorder. After the return of the
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figure 44.---fiectronics block diagram.

experiment. the stored data will be evaluated along with the data for attitude
and related solar aspect angles to determine relations between space condi-
tions and surface effects on the test samples. In addition. contamination will
be investigated by means of infrared spectroscopy. and the electrical charac-
teristic.% of the solar cells will be determined.
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Table 10.Test Samples To Be Investigated

Components to be investigated

Second-surface mirror with
Ag reflector and Inconel protection layer on rear
Interference filter on front face

Second-surface mirror with
Ag reflector and Inconel protection layer on rear
Interference filter on front face
Doped 1n20; layer on interference filter

Chromium black selective absorbers
)olar-c ell modules with doped In104 layer on cover glass

Reference components
Second-surface mirror with Ag reflector and Inconel protection layer on rear

Optical solar reflector with Ag reflector and Inconel protection layer on rear

So lar-t ell module
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She Aging of Solid Rocket Materials
(P0005)

Leon L. Jones and R. B. Smalley. Jr.
MortonThiokol. Inc.
Brigham City. Utah

Background

Solid-rocket motors continue to be used extensively in space appli-
cations. and future missions have been identified in which the solid motor
may he stored in space for an extended time before tiring. This indicates a
need to gather direct information on the effects of extended storage of rocket
materials in the combined vacuum and thermal conditions of space. Tests
have been performed in high vacuum to determine outgassing characteristics,
but only limited testing has been done on the effects of vacuum on the
mechanical and ballistic properties of the materials themselves. Most vacuum
aging has been plagued by mechanical problems and subsequent back con-
tamination of the material samples.

Objective

"Ilie objective of this experiment is to determine the effects of long-term
orbital exposure on the materials used in solid-rocket space motors. Specifi-
cally . structural materials and propellants from the STAR/PAM-I) series
motors and the PAM I)Il'IPSM -Il motors will be tested, as well as advanced
composite case and nonle materials planned for future use.

Approach

The experiment appro.:ch is to expose samples of solid-rocket propel-
lant. liner. insulation. case. and notzle specimens to the space environment
and to compare preflight and postflight measurements of various mechanical.
chemical. and ballistic properties to determine the effects of long -tens orbital
exposure A parallel program will he conducted on ground storage san
thus the data will he applicable on a generic basis as well as to the sp E .

materials being tested.
Figure 44 shows a view of the IPSM-II space motor with some of the

sample materials identified. Table I I lists the STAR materials and the tests to
be performed. These materials will he packaged within a 5- by 6.5- by
1 1 .5-in. aluminum container and attached to an interior plate on the 1.1)1iF
center ring. The container will be flushed with dry nitrogen and sealed before
installation on the LINT An air-pressure-activated valve has been designed
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Case (Kevlar-epoxy)

Insulation (EPDM rubber)

Case-insulation interface

Skirt (glass-epoxy)

Shear ply (case,
NBR rubber, skirt)

Propellant ----

er-propillant

Igniter housingIgnit/
intertm

Propellant-liner-
insulation intrfat

Nozzle throat
(three-dimensional carbon)

Extendabk exit cone
(two - dimensional carbon)

!Nutt. 44. Skt,t( I; of n.otor stromng afttpks of aging samples.

to vent the ht Ix when it is subjected to pressure below 0.2 atm. leaving the knc

open to the vaCUMII. On reentering. the valve will close at 0.5 atm extenial

pressure.
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Table ft.Solid-Rocket Materials
r

Mechanic al p9ptr
Propellant materials:

11'SM-II /PAM-MI
S 1 AP.PAM-1 )

Insulation:
1PDM rubber
NRR rubber

*rties: tensile, relaxation, dytiamic
Nozzle materials:

Carbon-t arbon
silica-phenolic
Carbon-phenolic

Case materials:
Kevlar-epmv
Graphite-epoxv
Glass-t:poxy.

I nteriac e strength:

I itanium-insulation
Isevlar-insulation
(,raphite-insulation
Isevlar-NBR-olass

load
Glass-insulation
Three propellants-insulation
Igniter housing-propellant

Kallistic
_ ....._._. ._____.prtperties: burning rate

PAM-1)II propellant and igniter assemb
s I AR. PAM-1) prowllant and igniter
Ii 4 gonpotassium nitrate pvilets

Iv

'All of ch.. %ample. cvdl be sublet red to delermioatu (11 %%eight loss vvith atIittiant
t holm al atml% +is
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Interstellar-Gas Experiment
(A0038)

Don L. Lind
NASA Lyndon B. Johnson Space Center

Houston, Texas

Johannes Geiss and Fritz Biih ler
University of Bern
Bern. Switzer

Background

In the past. the observed regularities in the abundance of elements and
their isotopes. upon which the theory of nueleosynthesis rests, have been
obtained primarily from solar system abundances, in particular meteoritic.
solar. terrestrial, and solar-wind data. However, this sample represents only a
tiny traction of the material of the universe. Thus. even a small sample of
extra-solar-system isotopes will give significant insight into the various
element-building processes that have occurred in thatiginal nucleosynthcsis
and those which have been going on in our galaxy. Isotopic analysis of the
noble-gas cinuponent of the interstellar gas will provide a significant new data
stiurce and will complement other promising techniques, such as millimeter-
wave. cosmic-ray, and nuclear-gamma-ray astronomy.

Objectives

The primary objective of this experiment is to collect interstellar gas
atoms in metal finis at %/c ral locations around the Earth's orbit. These
particles arrive in the vicinity of the Earth as the neutral interstellar wind
penetrates the heliosphere and enters the region of the inner planets. The flow
pattern of the interstellar wind is controlled mainly by the gravitational
attraction of the Sun. and its density is reduced through ionization by solar
photons and by charge exchange with the solar-wind particles. The flux of the
interstellar atoms that survive the upstream journey in the solar wind is
increased due to gravitational focusing as they pass beyond the Sun. The
angular distribution of these particles is also significantly modified in the
gravitational focusing process. Thus the density and angular distribution of
the interstellar gas flux vary considerably at different points in the Earth's
orbit. In addition to these variations. the velocity of these particles as they
impact the spacecraft changes over a wide range as the orbital motion of the
Earth moves seasonally first upstream. then cross stream. and finally down-
stram in the interstellar wind. These seasonal variations constinke the
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signature In %% Itch the interstellar particles fan he identified. collectiAg
these particles at several locations in the Earth's orbit. it u ill he possible not
littl) to Jame% e an in .belt detection of the interstellar gas for the first time. but
also to study the dnamics of the interstellar %Ind as it flints through the
hehosphere and interacts s% ith the solar photon flu% and the solar stied. In
addition. because the dynamics of the interstellar wind depend on its densit%
and %clocks befOre entering the heliosphere. it t ill he possihle to investigate
these Am acteristics of the interstellar medium outside the region of the solar
.% stem.

Thu.. the obiectives or this experiment are to collect and isotopically
anal /e interstellar as atoms around the orbit of the I..anh for the purpose of
obtaining nett data rele am to understanding nuclesynthesis. and 1 study.
the d% mimic. of the interstellar %% mil inside the heliosphere and the imitopie
composith in of the interstellar medium outside the heliosphere.

Approach

I he experiment hard.% are 11 Ili act as a set of simple 'cameras- u ith
Intlh it kopperhery Ilium collecting toils serving as the -film.- (Sec fig.
45. i 1 he experiment housing still mount and thermally control the foils.
establish the t test mg angles and viem nig direction. provide baffling to reject
ambient neutral panicles. provide a voltage grid to Feted ionospheric charged
particles. sequence collecting foils, control exposure times. and protect the
foils tr4sin 4.44manunation during the deployment and retrieval of the lin+.
Alter being returned to Earth. the entrapped ahim can he analyad by mass

ectroscom to determine the rclatise abundance of the different iMle%
helium and neon. :\n attempt will also he made to detect argon. At present.
the noble gases are the only species for -% Inch this method is sufficiently
sensitise

the eeriment %t ill use four trays. tun I 2-lees .deep peripheral Ira). and
t+4) 12.in -deep end center tr;*s. on the space facing end of the EDI+. (Me of
the peripheral tray is contain only one camera and the re t of the trays will
contain 'Aso cameras. ('otter requirements trill be supplied by LiSO,
batteries.
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High-voltage ion
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First collecting toil
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A High-Resolution Stud) of Ultra-
heavy Cosmic-Ray Nuclei

(A0178)

Denis ().titilli% an. Alex Thompson. and m-mac t
Dublin Institute fOr Athanced Studies

Dublin. Ireland

Vicente Domingo and Klaus-Peter Wellil
Luiopean Space Agency . ESTE(

Not irdm irk. The Netherlands

Background

*I he measuienumi of the charge sixorum of ultiaha
nuclei is of nal importance in man) areas of a roph)sics Such IIICastIlk:
teems are relevant to the stud) of the ong and age of ctIsillik" I a1%.

acceleration and propagation mechanisms. the ucleosxothesis of the Ileac
elements in our galax:. and the search tr stIpdtiCiiv% nuclei o l 1 and

may esen lead to improwd nuclear mass tormuras"--And beta 4c.ofty hitt-
formulas for the heaviest nuclides. The central them of thZs-rweinnent tho

utilliation of the I.D1-.1-s large area time factor to obtain large and mini it in
sample of Wit aliea%% cosinic-ray nuclei in the region / ;

Objetthes

The main tIllIC411%e the expermient is a defalicd studs of OIL. khairc
spectra of ultraheav eosinic-ray nuclei from zinc I/ .;t)) to 115a1110111 tt

21 and beyond using solid-state track detectors. Six-. cal effir41.114, kk Ill he:
placed on the relati%e abundances in the region / 65. t4 Inch is thought to be

dominated by r process nucleosynthesis. Subsuliar) ithiecti%es include the
study of the cosmic-ray transiron spectrum and a search for the postulated

long-lived superheat) (Silt nuclei I/ I10i. such as itSli"". in the
contemporary cosmic radiation. The motivation behind the winch for *supi
heavy nuclei is based on predicted halt-lives that are short compared to the age
of the Earth but king compared to the age of cosmic Los. The detection of
such nuclei ould have tar-reaching consequences kit nuclear structure
theory.

The sample of ultrahea%) nuclei obtained in this experiment tt ml I lir( is mdc

unique opportunities for many tests concerning element nucleosynthesis.
cosmic-ray acceleration. and cosmic-ray propagation. For example. it the

r process domination turf. 65 is confirmed. a reliably source spi.-CtrUlli H ill

provide details or the nuclear environment. such as temperature and time
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scale. this information will he of great importance to both astrophysics and
nuclear physics.

The relative abundances of cosmic-ray nuclei in the region 1 )42 will
lead to a determination of the age of cosmic rays directly from the decay of a
primary component. in contrast to estimates based on. for example. Kra" or

The LINT exposure may provide a sufficientl.. large sample of ac..
tinkles to achieve this objective.

Injection of cosmic-ray particles into the acceleration process may
depend upon atomic properties of the elements. such as the first ionisation
potential. This experiment will help to emablish the existence of such
mechanisms through their modulation of the ultraheavy charge spectrum.

The cosmic-ray charge spectrum in the region 3t)1 Z (5. based on the
statistics available to date, appears to be generally consistent with solar
s} stem material. The situation is still uncertain. but it is hoped that a radical
improvement will be achieved with the LDEF exposure. For example. it is
very important to establish the roles played by the helium-burning slov,
neutron-capture process in massive stars and the exlosie carbon-burning
process during supernova explosions.

Since the LDEF orbit inclination is expected to he low (28' ). the
geomagnetic cutoff will prevent direct measurement of the (fluidic:ivy energy
spectrum. However. it is hoped that the slope of the energy spectrum can he
determined from an analysis of the abundance distributions about the major
a:is of the 1.; Al: (east-west effect).

To suit:01Z. 'ill% cosmic rays constitute a unique sam of material from
distant parts of our galaxy which still hears the imprint of the source region.
The ultraheavy cosmic-ray composition %ill pros ide a great deal of infor-
mation about the evolution of matter in the universe. This question is closely
related to understanding the origins of the elements in the solar system

Approach

The experimental approach centers on the use of solid-state track
detectors to identify charged cosmic-ray particles. The basic detector com-
ponent is a thin sheet of polymer plastic (typically 250 1.tm thick). The
determination of charge and velocity depends on the mechanism by which
cosmic-ray nuclei that penetrate the plastic sheets produce radiation damage
along the particle trajectories. After exposure and recovery, the detector
sheets will he chemically processed to reveal the tracks produced by the
passage of heavily ionizing particles. The effective amplification of a par-
ticle's radiation damage trail results from preferential chemical etching along
its trajectory. The rate of etching is a unique function of the particles

09
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The flux of ultraheavv cosmic-ray nuclei is extremely small (on the
order* 1 m day ). Consequently, the basic experimental approach entails
a large area-time factor exposure coupled with stability in a general radiation
environment and the ability to discriminate against the overwhelming back-
ground of lower charge components. The main polymer plastic used for the
track detectors in this experiment will he Lexan polycarbnate*. which has a

registration threshold given by Zif3 56. It is this threshold property that
enables the Lexan to isolate individual ultraheavy nuclei in a very high flux
envinnunent of lower charge nuclei.

A new polymer track detector, based on ('R-39. is being developed tOr
inclusion in the 1.1)11: experiment. Its predominant characteristic is a %cry
low threshold (1'13 1(1) and it potentially has very high resolving power. By
using ('R 39 to complement the Lexan, it will be possible to study relativistic
nuclei in the lower charge regions. down to iron and below.

The nuclear track detectors, with lead foil energy degraders. will he
assembled in stacks that will he mounted in aluminum cylinders designed to
fit into 12-in.-deep peripheral trays. Three cylinders. each containing four
stacks. w ill he placed parallel to the x-axis of each tray. (Sec fig. 4(. ) The
c% limier% are approximately 46 in. long and approximately 10 in. in diam-
etei ha% e a wall thickness of approximatelv (1.5 g-em The stacks will
!oe a thickness of approximately 4 g:citi' and will he mounted parallel to the

tr.* base and placed symmetrically about the main axis ()leach cylinder using
an 1..ccot(uni matrix.

Abe tray s w ill he thermally decoupled from the Int+ frame and vial!
carr thermal co% ers flush with their outer rims. Sixteen trays will he
emploNed l'quite 47 shims a photograph of one of the trot s.

, ,11%,.11,1% lot aft /Mahn t frrlflr id/ tit di fiat
4/, 11. f, r f .1 kr in unr, tat t. !hit tielet hit WI hitt Ohs, been

1413
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figure its. (Istria -ray experiment configuration showing location of detector
stacks. ihr light top frame supports the' thermal tray cover.

figure 47 -Photograph of cosmic-ray experiment tray.
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Heavy Ions in Space
(M0001)

James 11. Adams. Jr.. Rein Silber-berg. and C. H. Tsai)
Laboratory for Cosmic 14:q Physics. Nasal Research Laboratory

Washington. D.C.

Background

Since 1972. an anomalous flux of N. 0. and Ne relative to carbon has
been observed in the energy region from 3 to 1(K) Me Vio. Between 30 and 100
NleV u. the abundance and energy spectrum of this flux arc poorly known.
and those UK) MeVu they are completely unknown. A low-inclination orbit
would be particularly suitable for studying this component because the
geomagnetic field screens out the fully stripped cosmic-ray nuclei below 2250
NleV U. Therefore. the present experiment permits a study of the newly
obsersed nuclei in the unexplored region above 100 MeV(u. which were
"cos ered up"" by cosmic-ray nuclei in previews experiments. The source of
this component is unknown but is believed to he of extrasolar origin because
of the lack of a gradient away from the Sun, anticorrelation with the sunspot
cycle. anticorrelation with solar (1 MeV ) proton flux, and a CO ratio that is
not tpical of the solar abundances. It has been proposed that if the origin of
this componem is extrasolar. the most likely sQurce is neutral interstellar gas
that is first singly- ioniied by the solar wind and/or solar ultraviolet radiation
and then accelerated by the interplanetary solar plasma. Any knowledge of
the mechanism bv- Nhich this component interacts with the solar wind gives
important insight into these processes and the nature of the solar plasma. A
question to he explored is whether the solar plasma beyond the Earth's orbit
can accelerate partici, s to energies greater than or equivalent to 1(X) McViu.
If. on the other hane;, the component is of solar origin. it would he most
important to understkind the production and acceleration mechanisms that are

responsible.
The heavy nuclei provide a sensitive probe to test the origin of radiation

belt particles. Two pnicesses contribute to the radiation belt narticks: neutron
decay. and injection and local acceleration of solar-wind particles. Wavy
nuclei provide a pure sample of the second type. Hence. they permit us to
determine to which energies solar-wind particles can be accelerated in the
Earth's field and the magneto tail, and to what extent this contributes to the
radiation belt. The previous experiment on Skylab concerning heavy radi-
ation belt nuclei did not permit a clear separation from the anomalous
component. The higher geomagnetic cutoff of a low-inclination orbit would
provide a clear separation of these components.

The importance of ultraheavy tUH) nuclei asurements lies in the fact

Ins
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that these nuclei can he synthesized only in special astrophysical settings.
Thus. the charge spectrum in the Uli region reveals the character of the
sources more directly than is possible from the charge spectrum of the lighter
nuclei. In addition, the MI nuclei provide sensitive indicators of the amount
of interstellar propagation and the time of travel of the galactic radiation. The
problem in studying 111-1 nuclei has been their extremely low flux. This is
aggravated by their short interaction lengths. which lead to rapid absorption in
even a few grains per square centimeter of atmosphere. They arc best
observed above the atmosphere with detectors of prodigious collecting
power.

Existing data on heavy ions in space have mostly come from relatively
small. electronic detectors exposed in satellites and short-duration rocket
flights. This experiment will use a relatively new. independent technique
(sensitive plastics) on a recoverable, long-duration exposure. This represents
the first opportunity for an experiment of such large collecting power.

Objectives

This experiment will investigate three components of heavy nuclei in
space: (I) a recently observed anomalous component of low-energy nuclei of
N. 0. and Ne; (2) the heavy nuclei in the Van Allen radiation belts; and ( 3) the
tlli nuclei (Z > 30) of the galactic radiation.

The study of the anomalous flux of N. 0. and Nc nuclei in the
unexplored energy region above 100 MeV /u is expected to provide new
insights into the source of this component. Its observation in this experiment
will confirm that these ions are singly charged.

Knowledge of the energy spectra ofthe heavy nuclei observed in the Van
Allen belts is expected to enhance the understanding of the origin of the hells
(e.g.. injection and local acceleration processes). The observation of these
heavy ions could show. for the first time. that low-energy particles of
extraterrestrial origin can diffuse to the innermost parts of the magnetosphere.
Measurements of the llti component are expected to contribute information
concerning its source, interstellar propagation. and the galactic storage time.

Approach

The data will be obtained in a stack of passive particle track detectors
(special etehable plastic materials) to be exposed above the Earth's atmo-
sphere for 6 to 12 months in a low-inclination orbit. then recovered and
subsequently processed under controlled laboratory conditions. Measure -
ments will he made of the composition and energy spectra of the low-energy
nuclei of N. 0. and Ne and the heavy nuclei in the Van Allen radiation belts
and of the charge spectrum of the MI nuclei of the galactic radiation. Each
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detector ...tack has a active area of 12 in. by 14 in. Eight detector stacks are
required for a collecting power of 776 m2-sr-days tier a 1-year exposure. Each

stack consists Of two parts. one for low-energy ions and one for cosmic rays.
The portion devoted to cosmic rays is in a sealed container. and the smaller
portion devoted to low-energy ions is placed in a vacuum) on top of the
sealed container fig. 4t4).

Radiation damage is induced in most solids along the path of a charged

particle and is a function of the primary ionization rate. For plastic materials.
after appropriate processing (etching). the path. or "track ", is visually
observable (under a microscope) as an etched cone. The different plastics
hit % c their tow n threshold tOr track rec rding. These are related to the charge of
the penetrating particle. that is. for each charge (i.e.. each atomic nucleus).
one can plot the primary ionization rate as a function of vekwity. Thus. for
example. oxygen nuclei will not register in a Lexan detector until they have
slowed down to (3 _0.12. after which the remainder of the track will he
etchahle The detector must then he designed to bring oxygen nuclei to rest
with a minimum probability of nuclear interaction lin nuclei will leave
etchahle tracks over a much larger traction of their range.

The thickness of the detector is approximately 10 went:. This is neces-

sar) to bring to rest oxygen nuclei up to approximately 240 MeViti. The
stacks consist of sheets of track-detecting plastic. Lexan will be used for the
tow energy stacks. and the cosmic-ray stacks will consist primarily of CR-39.
the dock-tor stacks are completely passive: even temperature and pressure are

f is Hwy( 1)1111) lit)

I-- Detector
module

%tat k
tfor (tow b-ent'i. gV toms)

Maui oat k
(for ttr.trilt wits)

tgttrt 411. Ile.iti- um. In Tat t tAptinttent t tIntagitr.ittoti.
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monitored b) passive techniques. After recover). processing and track
measurements will he done at the Naval Research Laboratory.

Charge estimates are based IM etch cone measurements. (The etching
rate is calibrated as a function of the imitation density.) The charge resolu-
tion achievable with CR-39 is approximately 0.35 for nuclei at Z
Calibrations v. ill r carried out with laboratory beams of heavy ions.

It is apparent from existing measurements of the energy spectra of the
arious components at an orbit of 28- and from those outside the mag-

netosphere that if the anomalous component is observable tat the 28" orbit).
then it should he clearl resolved from both the radiation belt and the galactic
nuclei at kinetic energies of IOU to 200 ivIeViti.

ION
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TrappedProton Energy Spectrum Determination
(M0002-1)

Frederick .1. Rich and Irving Michael
Air Force Geophysics Laboratory

Hanscom Air Force Base. Massachusetts

Gerald J. Fishman
NASA George C. Marshall Space Flight ('enter

Huntsville. Alabama

Paul 1. Segalyn
Arm) Materials and Mechanics Research Center

Watertown. Massuchusetts

Peter J. McNulty
Clarkson College of Technology

Potsdam. New York

Y. V. Rao
Emmanuel College

Boston. Massachusetts

('hristophcr E. laird
Eastern Kentucky University

Richmond. Kentucky

Background

The purpose of this experiment is to quantity the flux of ions with

energies greater than 1 MeV. The main experiment is sponsored by the Air

Force Geophysics Laboratory tr the purpose of measuring the energetic

protims trapped in the Earth's magnetic field. A series of subexperiments arc

included which have different but related goals.

Objective

The objective of this experiment is to measure the flux and energy

spectrum of protons with energies of 1 to I° MeV. These protons are trapped

on the Earth's magnetic field lines as part of the inner radiation belt, or Van

Mien tone. The pnon will he encountered predominantly in the South

Atlantic anomaly at a 90" pitch angle.
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Approach

The experiment consists of 18 stacks of passive plastic detectors (CR-39)
arranged in portions of three MEE trays. (See fig. 49.) The stacks arc 1.49

Detector
package

t
77,0

4

\SI

Metal samples

a

(a) Trays D3 and D9.

Metal
samples

Microsphere
container

(b) Tray C12.

figure -PP. trapped - proton energy spectrum determination experiment.
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in. square and 2.60 in. high. They are mourned in containers on a plate

arranged in the trays to he normal to the Earth's magnetic field in the South

Atlantic anomaly ISAA). The bottom half of elch stack is composed of
('K -39 without [Wand is 0.022 in. thick. The next 40 percent of the stack is

CR-39 with IX)P and is 0.022 in. thick. The top 10 percent of the stack is

CR-39 with CIIPC and is 0.011 in. thick. The stack is open to the vacuum of
space. The top layer of plastic is directly exposed to space. A sheet of

aluminum 0.001 in. thick separates each layer of plastic. Five of each six

stacks are perpendicular to the magnetic field in the South Atlantic anomaly.

The three stacks of metal squares and the micrsphere container which

are visible in figure 49 arc used in the three subexperiments described here.

Neutron and Proton Activation on WEI' (NASA Marshall Space Flight
Center and Eastern Kentucky University)

Radioactivity induced by protons and neutrons in the 1...DEF orbit will he

determined by exposing metal samples to the ambient flux through the
mission duration and measuring resulting gamma ray activation spectra in a

low-level counting facility after recovery. In low Earth orbit. the main
sources of activation will be primary cosmic rays, SAA protons, secondary

neutrons. and atmospheric albedo neutrons. Induced radioactivity will be a

major source of background radiation for certain classes of Shuttle-launched

experiment%. A quantitative determination of this activation during an early

Shuttle mission is important to assess this source of background radiation.

The metal samples that were chosen for flight have unique nuclear properties

that make them suitable for these activation studies. One property is the

relatively high probability that the sample will become radioactive following

the passage of a neutron or proton. In addition, the sample will retain a
measurable amount of radioactivity upon its return.

Microspherc Dsimetry (Clarkson College of Technology 1

Containers of small micrspheres flown on UWE will he used to record

the energy deposited in volume elements with microscopic dimensions as a

result of exposure to the natural radiation environment of space. The single-

event-upset phenomena and hard errors in microelectronics. as well as the

radiohiological effects in man, result from ionizations generated within
sensitive volumes that have microscopic dimensions. Standard do simetry

measurements of the radiation environment of space are carried out using

macroscopic sensitive volumes. Even a relatively small macroscopic dose can

include order. of-magnitude differences in the number of ionizations in

microscopic volume elements. Microspheres of different composition and

diameter will he flown under identical conditions. Thermoluminescent do-

simeters (ltlYs) will he included to measure the macroscopic dose received

I 1 1
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by each sample. Physical properties of the microspheres. such as changes in
diameter after a period of postflight etching. will he measured to determine
the dose received by each micrsphere.

Flux Measurement by Ion Trapping t Army Materials and Mechanics Re-
search Centerl

Concentration profiles will be measured. primarily by secondary ion
mass spectroscopy and Rutherford hackscattering. for a wide variety of ions
at different places on a series of metal plates directly exposed to space. The
area under a profile and the profile shape give the total flux and energy
distribution information. Sample materials include fused quart! (Si0).
aluminum oxide t A1.00. aluminum. copper, silicon. tantalum. tungsten. and
zirconium.
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Measurement of Heavy Cosmic -Ray Nuclei on WEE
(M0002-2)

Rudolf Beaujean. Wolfgang Lnge. and Georg Siegnum
Institute for Pure and Applied Nuclear Physics. t Iniversity of Kiel

Kiel. Felieral Republic of Germany.

Background

The long, duration fligh on IDEF will provide the opportunity it, collect

a reasonable number of heavy cosmic-ray nuclei. A know ledge of the
abundance of these nuclei is essential to any theory on the source. acceler-

ation. confineme.n, and age of cosmic rays.

Ohjectit e

The iihiectise of this esperimentis to measure the elemental and isotopic
abundances of heal y cosmic-ray nuclei with nuclear charge 1 equal to or
greater than 3. .1 he chemical and energy spectra w ill he measured for particles
that hasc energies in the ranee from 20 to IMO MeV per atomic mass unit.
Two points of great interest are geomagnetic:illy forbidden cosmic -ray
particles and !ICJ% < ions of the trapped radiation.

Approach

The experiment is passise and occupies one-sixth of a 3-m.-deep
peripheral tra w ith several other expermiems. the experiment package
consists of %isual track detectors that remain sensitive throughout the LINT
mission. t See fig. 50. The scientific data are stored in latent tracks and can he
resealed in the investigator's laboratory after recovery.

The detector stack consists of approximately 6.5 gem.' of CR-39 plastic
visual track detector sheets that have a well - established response. The
detector stack is housed in an aluminum container that provides structural
support and thi,rmal contact to the IDEF structure. The top of the detector
stack is covered by thin coated foils that provide thermal shielding and
decoupling from deep space.

Ilea.y ions stopping in or passing through the plastic sheets of the stack
produce latent tracks that can he revealed by chemical etching in the laborato-
ry . Further analysis can he performed under optical and electron microscopes
h) measuring the shape and length of the etched cones. These parameters
depend strongly on the energy loss along the trajectory of the incoming
particle. The determination of nuclear charge and mass is based on the cone
length versus residual range method. Plastic track detectors have registration
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thresholds that make the detector system almost insensitive to electrons and
protons except at low energies; therefore, they do not produce a disturbing
background.
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figure so. Heavy cosmic -ray nuclei expenment configuration.
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Linear Energy Transfer Spectrum Measurement
Experiment

(P0006)

Eugene V. Benton
University of San Francisco

San Francisco. California

'Thomas A. Parnell
NASA George C. Marshall Space Flight Center

Huntsville. Alabama

Background

The linear energy transfer (LET) is the energy deposited per unit path

length of a charged particle traversing matter. For estimating the rate of

damage from single-hit phenomena. the quantity that best combines the

radiation environment. orbital situation, and spacecraft shielding is the linear

energy transfer (I.ET) spectrum at the device location. To date. spectra

measurements have been severely limited by statistics due to the short nature

of STS missions. The designers of future long -life spacecraft such as a space

station need WI spectra measurements for exposures of 1 year in more io
establish shielding requirements and to select materials and devices that will

not be adversely affected in space during the required operation life.

Objectives

This experiment will measure the LET spectrum behind different shield-

ing configurations for approximately I year. The shielding will he increased

in increments of approximately I giem2 up to a maximum shielding of It,

gicnr . In addition to providing critical information iv future spacecraft

designers. these measurements will also provide data thAja411 be estreniel

valuable to other experiments on 1,I)EF.

Approach

A combination of thermal luminescence and track type detectors will he

used to measure the LET. Aluminum will he used for the shielding. "I he

passise detectors and shielding material will he placed in the canister shows

in figure 51. The canister with detectors will he sealed with approximately 1

atm internal pressure. Control detectors identical to those to be flown will be

used to establish the terrestrial background radiation to which the flight

detectors are exposed prior to launch and after recovery.
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figure 51.-1 ET spectrum measurement canister.
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Multiple-Foil Microabrasion Package
(A0023)

J. A. M. 11c Donnell. D. Cr. Ashworth. W. C. Carey.. R. P.

and R. C. Jennisn
University Of Kent

Canterbury. Kent. United Kingdom

Background

A number of the early. Explorer satellites, the Arid 11. and three Pegasus

satellites measured meteoroid penetrations in near-Earth space. These in-

space penetration measurements. in addition to providing spacecraft design
data. were used with existing ground-based radar and visual meteor data to
extend site estimates of the near-Earth meteoroid environment to particles as

small as approximately It) t"g.
Other early L.S.1 and Russian spacecraft used microphone type meteor-

oid detectors to measure small-particle impact fluxes. The microphone data
indicated a sIliall-particle population much greater than that indicated by the
penetration measurements. The micrtphone data were, in fact. interpreted by
some to indicate a dust belt around the Earth.

Difficulties in simulating meteoroid impacts in the laboratory created a

number of uncertainties in interpreting both the microphone and penetration
early measurements in terms of the near-Earth meteoroid environment.

Data on the near-EartImpeteoroid env:ixmment have also resulted from

analysis of the lunar-material imples obtained during the Apollo Program.
The analysis of craters on the lunar material in terms of the meteoroid
environment is limited by the fads that the craters occurred over a very long
period of time t It)` to Itr years) and the exact lxposure time is uncertain.

Taking advantage of the now recoverable arid improved very sensitive
thin-foil penetration detectors, this experiment will make a substantial step
tow aid the elimination of a number of the remaining uncertainties in the
estimates of the near-Earth micrometeoroid environment. In a very cost-
ettecti% e way.. the experiment kill provide both design data regarding the
erosion of spacecraft by microparticles and data on the near-Earth micro--
filets:Mold en IronlikAlt

()bjrctives

The specific scientific objectives of this experiment are to measure the

spatial distribution. sue, velocity. radiance, and composition of micro-
particles in near-Earth space. The technological objectives are to measure
erosion rates resulting from micropartiele impacts and to evaluate thin -toil
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meteor "bumpers. The combinations of sensitivity and reliability in this
experiment will provide up to I000 impacts per month for Laboratory analysis
and will extend current sensitivity limits by 3 orders of magnitude in mass.

Approach

The experiment approach utilizes the well-established technique of
thin-foil hypervelocity penetration supported by extensive investigations and
calibrated in laboratory simulation to a high precision. Several of the different
classes of impact events anticipated on encounter with such a thin-foil array
are illustrated in figure 52. This range of classes indicates the potency of this
technique compared to simple polished plates or single-foil penetrations.
Deployment of such thin-foil detectors around LDEF will measure the spatial
anisotropy of the impact tlux. Microprobe analysis of penetration and spolia-
tion areas after recovery will determine the particle elemental composition.

The detector design utilizes rolled aluminum foil down to a thickness of
1.5 pm (fig. 531. Bonding to etched grid supports achieves very rugged
structures capable of withstanding vibrational levels and atmospheric pres-
sure gradients typical of the LDEF-Shuttle environment.

The experiment will be located in one-third of each of four 3-in.-deep
trays located at 9O' intervals around the LDEF periphery and in about
two-thirds of a 3-in.-deep end corner tray on the space-facing end of the
UHT .
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Figure S3. Multiple -fat micmabrasion package experiment.
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Study of Meteoroid Impact Craters on Various Materials
(A0138-I)

.1-C. Mandeville
CERT/ONERA-DERTS

Toulouse. France

Background

Interplanetary dust particles (micromeworids) are expected to form

sell- defined craters upon impacting exposed material in space. Studying the
frequency and features of these craters will provide data on the mass-flux
distribution of micrometeorids and, to a lesser extent, on the velocity
magnitude and direction. Limited crater studies have been done in the past

ith materials retrieved after exposure in space on Surveyor 3. Apollo 4 and

11. Gemini 10 and 1 I . and Skylab. However. link has been learned regarding
the composition of impacting particles. This experiment will focus on the
determination of the composition of meteoroid material residues inside

craters.
Objectives

This experiment will study impact craters produced by micrometeoroids

on selected materials (metals and glasses in the form of thick targets) to obtain

valuable technological and scientific data. Specifically, the studies will focus

on determining micrometeoroid composition and mass-flux distribution.

Analyses will also be made on the distribution of impact velocity vectors.

Approach

High-velocity impact effects on various materials have been studied

extensively in the laboratory. It is, however, impossible to obtain velocities

higher than 7 to 8 km, sec with relatively large particles ( >1(1 "g). The LDEF

can provide a unique opportunity to expose large-area targets for an exten-

sive period of time and to recover them for subsequent analysis. Selected
materials that act as impact detectors will be exposed to space. This method is

entirely passive and consists of thick targets (compared to the dimensions of

expected particles) of pure metals and glass. The collecting area ( 750 cm') is

expected to record, with a high probability. impacts of micronteoroids with

a mass in the range or 10 " 10 7 g (corresponding to 0.2- to 35-im particle

diameters). The experiment is accommodated on an aluminum mounting

plate (420 by 4(X) mmf located in one-sixth of a 12-in.-deep peripheral tray

that contain nine other experiments from France. (See figs. 12 and M. ) Two

types of simples will be used (table 12). Type 1 will be metallic surfaces (100
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by 100 mm) bolted to an aluminum mounting plate (6 samples). Type 11 will
he glass samples (2 mm in diameter) bolted to an aluminum mounting plate
(27 samples). A set of similar samples will remain in the laboratory for
subsequent comparison with space-exposed samples. A set of samples will
also he retained to perfomi tests with a hypervelocity accelerator.

'['he first task after experiment retrieval will he a careful scanning of
exposed material to search for impact mieroeraters. Usually, high-velocity
craters produced in metals and in brittle materials have a distinctive mor-

e

4,4iirgitAttiatig.
MLR

Figure Arrangement of meteoroid impact targets.
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phology and can he distinguished easily from other surface features. An

optical microscope will he used to identify craters larger than about 10 gm.

and such a crater is expected every 2 to 3 ern'. The density of inicmmeter-
sifed craters will be higher t I to 10 per cm- t. but the necessary use of a

scanning electron microscope (SEM) with 1000x magnification will limit the

area to he scanned. (See table 13. )
Measurements made on craters will include diameter and depth mea-

surements that, by comparison with experimental results. will give the mass

and density" of impacting particles. Velocity can he estimated from the

morphology of craters produced on brittle materials. Impact direction can be

evaluated by the shape of the craters. There is a close relationship between the

circularity of craters and the angle of impact. The relationship between flux

and mass will be derived from the areal density of m;crocraters.
For craters showing evidence of remnants of the projectile. chemical

analysis will he nude with X-ray microprobe and ion or Auger microprobe. If
possible. atomic absorption spectrophotometry or neutron activation analysis

will also be used.

Table 12.--f %pertinent A0138-1 Samples

sample

A2

A i

A4

Al.
HI to 142

1

Material
tungsten

Aluminum
( upper

%minks 'steel
Aluminum

stainless steel
rs glasst-Ne

I I )imenmort. HIMI bit {mess, µm
150 MO 100

2S0 100 1(N)

12ri 100 -

250 100 lir
250 100 100

100

.!5 ttliarn.

Table I 1. Examination Procedure'
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detectable

crater
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opli4 al 211x i 25 40
mit Trim ope; 411 1 10 - 20

' MK 1 5 - 10

`AM 100). ; 5 . In
4001c 1 2 4

1000x j 1 2

000 0.2 0.5

Average ma%s tit
nut rometeoroiti.

Z.
in

ID

cc
10

10

HI
10 "
10 "

I

St alined
area,
c m'

41k1

211

4
1.4

0.01)
(1.001)

'IAN nit 2511 hour.. ot 4/M .tanning time art' expected.
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Attempt at Dust Debris Collection
With Stacked Detectors

(A0138-2)

J -C. Mandeville
CERTONERA-DERTS

Toulouse, France

Background

Since the beginning of space exploration, a significant amount of data
has been gathered on micrometeoroids. Flux-mass relationships. velocities.
and orbits of the particles have been established with meteoroid impact and
penetration detectors on satellites and space probes. Also, studies of impact
craters on lunar samples and a few retrieved sample materials exposed to
spike have added data on micrometeoroids. However, thew techniques have
limitations that prevent the study of undisturbed particles.

To study undisturbed particles, cosmic-dust collectors have been flown
on balloons and rockets, and more recently on high-altitude aircraft. These
techniques for dust collection in the atmosphere are limited because of short
exposure times and uncertainty in the discrimination between cosmic-dust
particles and terrestrial contaminants.

Objective

The primary objective of this experiment is to investigate the feasibility
of future missions of multilayer thin-film detectors acting as energy sorters to
collect micrometeoroids, if not in their original shape, at least as fragments
suitable for chemical analysis. It is e'pected that this kind of particle collector
will help in solving one of the most puzzling topics in cosmic-dust studies: tlx
mineralogical and chemical composition of the particles. This is a matter of
great interest in the study of the origin and evolution of the solar system.

Approzrh

The experiment will consist of targets made ofone or two thin metal foils
placed in front of a thicker plate. The maximum sample thickness of 125 p.m
has been chosen to prevent foil perforation by particles with a mass in the
range of 10 g. A particle penetrating the foil undergoes either a deceleration
or a fragmentation, according to the thickness and nature of the foil. Thick-
nesses chosen for this experimenl range from 0.75 to 5 p.m of aluminum and
are expected to slow down particles with diameters between I and 10 p.rn
without complete destruction.
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The experiment will include 31 samples with a sampling surface area of

240 cm=. The samples will be mounted on a plate inside one of the FRECOPA

boxes in a 12-in.-deep tray that contains nine other experiments from France.

(See figs. 12 and 13.) The FRECOPA box will provide protection for the

fragile thin metal films before and after space exposure. The description and

list of samples arc given in table 14. All samples will be mounted within

aluminum frames (40 by 40 mm or 30 by 30 mm) which will hold the thick

target and the thin foils in front. (See fig. 55.)
Measurements after flight exposure will he similar to those described for

experiment A0138-1. Emphasis will be on the study of thin-film behavior

during the cratering process and on the chemical analysis of projectile

remnants.

Table 14.Dust Debris Targets

Sample

DI to 1)6

1)7, 1)8

D'). 1)10 1)11

1)12

1 I to

17. 18, 19

110, HI. (12

111 to It)

r

118

F19

Material 1hickness Dimension, mm

Aluminum 5 40.441

Aluminum 125 40.40

Aluminum 2 401,40

Aluminum S 4(1.4()

Aluminum 125 441..40

Aluminum 40 40
Aluminum 125 40 -40

Aluminum 125 40. 441

Aluminum 1 40 10

( ;old 125 10* 10

Aluminum 0.75 10. 10

Aluminum 125 10

Aluminum 0.75 WA 10

(-gold 12S 111. 10

Cold 125 10 111

Aluminum 0.75 10

Aluminum 2 10 10

Aluminum 125 x

Aluminum 0.75 iq x

Cold 125 10. 10

Aluminum 0.75 tUx10
Aluminum 125
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z

Figure .55.Arrangement of dust debris t within FRECOPA box.
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The Chemistry of Micrometeorokls
(A0187-1)

Friedrich Harz. David S. McKay. and Donald A. Morrison

NASA Lyndon B. Johnson Space Center
Houston. Texas

Donald E. Brownlee
University of Washington

Seattle. Washington

Robert M. Horsley
Rockwell International Science Center

Thousand Oaks. California

Background

The mineralogy. petrography. and chemistry of both "primitive" and

more evolved meteorites recovered on Earth are currently the subjects of

intense laboratory. studies. The purpose of these studies, in conjunction with

our knowledge of terrestrial and lunar petrogenesis. is to establish an obser-

vational framework that can he used progressively to constrain and refine

cosmochemical and mechanical-dynamic models ofearly solar-system evolu-

tionary processes. Such modelling attempts include the nature and kinetics of

nebular condensation and fractionation. the accretion of solid matter into

planets. the differentiation and crustal evolution of planets. and the ink of

collisional processes in planetary formation and surface evolution. All of

these processes are known to be highly complex.
Fine-grained interplanetary particles (micrometeoroids) of masses as

little as 10 g are, however. largely excluded from models of the early

solar-system evolution because their mineralogic. petrographic. and gen-

chemical nature is largely unknown. In comparison. however. their dy-

namics. orbital parameters. and total flux are reasonably well established.

although still fragmentary in a quantitative sense. According to current

I largely dynamical) hypotheses. a majority of these objects are derived from

comets_ This association affords a unique opportunity to study early solar-

sy %Mil processes at relatively large radial distances from the Sun (greater than

approximately 20 AU). These cometary solids may reflect pressure and

temperature conditions in the solar nebula which are not represented by any of

the presently known meteorite classes, and therefore may offer potential

insight into the formation of comets themselves.

127

134



Alt% sum I I: Wet IltWrIf%

Objectives

The prime obiL.ctive of this experiment is to obtain chemical analyses of
a statistically significant number of micrometeoroids. These data will then he
conipared a ith the chemical composition of meteorites. Secondary t tbiecti yes
of the experiment relate to density. shape. mass frequency. and absolute flux
of mierometeoroids as deduced from detailed crater geometries (depth.
diameter, and plane shape) and number of total events observed.

Approach

I his Cperiment is designed to collect micronmeoroid residue in and
around nucrometeorid impact craters that arc produced by hypervelocity
collisions of the natural particles with high-purity targets. After the return of
these targets. the micrometeorid residue will he chemically analved with a
large array of mate-of-the-art microanalytical tools (e.g.. electron micro-
probe. scanning electron microscope with energy-dispersixe analyser. Auger
and ESCA spectroscopy. and ion probe mass analyter). In favorable cases.
precision mass spectrometry may be possible. The experiment will involve
both active and passive collection units.

Active I nit

The principles of the 'active- unit are described below (See tit. 5h. ) A
clam shell concept allows two sets of clam shells. housed in a 12-in.-deep

r-

4

Alb

I 'gun. At tit f tilt( rorrwreeiroid detector unit.
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peripheral tray. to be opened and dosed. The figure shows one set of clam
shells in the stowed (i.e.. dosed) mode and the other set in a deployed mode
Due to the high sensitivity of the microanalyfical tools and the extreme4
small masses of micrometerid residue to be analysed (10 to 10 g). the
stowed configuration will protect the collector surfaces from particulate
contaminants during ground handling. launch. and LIM+ deployment and
retrieval sequences. The dam shells will be opened by a timed sequencer
some 8 days after UHT deployment and they will close at a similar time prior
to redocking for retrieval of ME E. The basic contamination barrier is a
precision labyrinth seal.

The main collector surfaces are made of 99.99-rercent puie gold sheets

0.5 mm thick and totaling some 0.85 nr! total surface area. Two indi% (dual
gold panels. each about 57 by _20.h cm. will he fastened to each clam shell tray
for a total of seven panels. A high-quality surike finish will he obtained by
polishing, acid etching. and electroplating. The space tOr the eighth panel is

taken up by a series of experimental collector materials (about h.5 b 20. b%
0.05 cm each tr the purpose of empincally determining collection el-
ficiency and.or optimum chemical baekgrodnd (i.e.. signal-to-noise ratio
during the analytical phase). These auxiliary surfaces consist it Al (4-P) 9tOtt

percent pure). Ti (99.9 percent pure). Be (99.9 percent pure t.
percent pure). C (99.999 percent pure). kapton (a polt inn& ). and I et Ion
filters. There are three reasons for selecting gold as the main collector suit ace

First. its behavior under liperveloci4 impact COntliii*S is teasonahl %tc11
known. in contrast to that of some of the auxiliary surfaces. Second. gold is
not an overly- abundant constituent in meteorites. and third. it is a Ingtil
suitable substrate for man) of the microanalytical techniques contemplated
For a model exposure duration of 9 months. a fairly well established mass.
frequent,' distribution. and a conservatively low flux estimate for micro
meteoroids. the approximate numbers of micrometeorite craters expected im
the gold collector are as follows: 165 craters larger than 5 fLill. 52 crater-
larger than 10 pm. and 9 craters larger than 50 p.m in diameter. 41,,)..antitatne

analysis is feasible only for craters larger than 20 pin in diameter (approxi.
maty 20 events). although an attempt will he made at qualitat is c analx sis of

smaller craters.

Passive nit

The experiment will use a "passive" collector unit that occupies a
3-in.-deep peripheral tray. (See fig. 57.) This unit will he covered by six At
199.4) pen..ent pure) panels (47 by 41 by 0.3 on each). These surNees lane no
special protection against contamination because they are rigidly bolted onto

a structural framework which in turn is fastened to the LIN+ tray. If
contamination is not too significant. approximately another 25 events larger
than 20 pm in diameter will be available for analysis. Furthermore. an
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additional gold surface (approximately 12 by 2.3 by 0.05 cm) will be flown
inside the experiment exposure control canister used in LDEF experiment
S0010 (Exposure of Spacecraft Coatings) for optimum cal ibratio.. of gaseous
and particulate contamination.

figure 57- Passive micrometeoroid detector unit.
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Chemical and Isotopic Measurements of Micrometeoroids
by Secondary Ion Mass Spectrometry

(A0187-2)

John H. I me, Patrick D. Su an. Robert Ni . Walker. and Ernst IS. Limier
McDonnell Center for the Space Sciences

St. Louis. Missouri

Dieter Bahr. Hugo Feeling, and Elmar Jessberger
Max-Planck Institute for Nuclear Physics
Heidelberg. Federal Republic of Germany

Eduard Igenbergs. Uwe Kreitman_ r, and Heriben Kuctera
Munich Technical University

Munich. Federal Republic of Germany

Eberhard Schneider
Ernst-Mach Institute

Freiburg. Federal Republic of Germans

Norbert Palter
Dormer System Manutacturing Co.

ledrichshaten. Federal Republic of tisnnauts

Background

In the past. the studs of interplanetary dust particles has been restricted
mainly to measurements of their flux. mass and velocity distribution. and
%amnion w ith direction and solar distance. Chemical and isotopic com-
positional intormation could be obtained from the Brownlee particles col-
lected in the upper atmosphere. The launch of 1.DEF provides the first
opportunity to collect micmeteoroid material in space which then can he
%objected to isotopic analysis in the laboratory. Isotopic measurements of
interplanetary dust are of great interest since at least part of the interplanetary
dust is belies 4..d to be derived from comets. Because comets originate in the
outer region of the solar system they probably have never been subjected to
mixing of material during formation of the solar system. and thus they might
have preserved pirsolar isotopic features.

Interplanetary dust particles are difficult to collect because oftheir high
speed. 1.pon impact. much of the particle mass is evaporated and ejected

from the target This experiment utilises a target covered with a thin foil to
trap the elected material_
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Objective

The objective of this experiment is to measure the chemical and isotopic
composition of interplanetary dust particles of mass greater than 10 r" g g for
most of the major elements expected to he present.

Approach

The experiment approach utilizes a passive Cie target which is covered
with a thin metallized plastic foil. The toil is coated on the outer (i.e.. space
facing) surface w ith a Au-Pd film tOr thermal control and to protect the foil
from erosion by atomic oxygen present in the residual atmosphere. The inner
surface of the toil is coated with tantalum. which was selected in order to
optimize the analysis of positive secondary ions by secondary ion mass
spectroscopy (SIMS).

The experiment occupies a 3-in.-deep peripheral tray near the LIM+
leading edge. one-third of a 6-in.-deep peripheral tray near the LDEF trailing
edge. and two-thirds of a 6-in.-deep peripheral tray on the IDEF trailing
edge. Figure 58 shows the one-third-tray experiment hardware and illustrates
the nucneteortild detection principle. An incoming meteoroid penetrates
the foil before striking the target plate. Impact ejecta. consisting of a mixture
of target and projectile material in the form of fragments. melt. and vapor, are
collected on the underside of the film. The deposited interplanetary dust
material can he anlayzed by a number of surface-sensitive techniques. among
which SIMS is favored because of its high sensitivity and its isotopic analysis
capability. Measurements are planned of the concentrations of Na. Mg. Al.
Si. S. k. ('a. Fe. and Ni and the isotopic compositions of Mg. Si. ('a. and Fe
(and possibly S and NO from particles greater than 10 pm in diameter. For an
exposure of I 2 months. approximately 60 impacts of particles of this size are
expected ft)) an area of I m'. About 1 ni will be exposed on both the leading
and the trailing edge. The leading edge has the advantage of receiving a higher
flux because of the higher impact velocity (approximately 20 kmisecl. On the
trailing edge. impacts from terrestrial contaminants in orbit are excluded. In
addition to chemical and isotopic measurements. intOrmation on particle
mass. elocity. and density can he obtained from the study of the hole size and
crater swe and morphology_
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interplanetary Dust Experiment
(A0201)

S. Fred Singer and John E. Stanley
University of Virginia

Charlottesville, Virginia

Philip C. Kassel, Jr.
NASA Langley Research Center

Hampton. Virginia

J. J. Wortman
North Carolina State University

Raleigh, North Carolina

Bawkground

The study of interplanetary dust historically has been plagued by the
pniblem of low data rates and therefore statistically inadequate data analyses.
The LDEF satellite will permit for the first time the flight of an experiment
with a large effective area, yielding data with which excellent statistical
confidence can be achieved. Additionally. it has been shown that a major
source of the interplanetary micrometeoraid environment is comets. Con-
firmation and expansion of these results may give important insight into the
cometary phenomenon.

Ohkctives

The objective of this experiment is to study interplanetary dust, vari-
ously refened to as cosmic dust, cometary dust, zodiacal dust, or meteoric
dust particles. Specific objectives are to obtain information regarding particle
mass and velocity, and to undertake correlative analyses with other experi-
ments, both on LDEF or near the time of the LDEF flight.

Approach

The experiment will use metal-oxide-silicon (MOS) capacitor-type
impact sensors with two different sensitivities. The total active area of the
experiment will he about I m2. Sixty percent of the sensors will have an oxide
thickness of 0.4 p.m, the higher sensitivity, and 40 percent will have a
thickness of 1.0 !Lin.

The experiment will be located in four locations spaced at 900 intervals
around the WEE periphery and on the Earth-facing and space-facing ends.
(See fig. 59. ) Tray requirements include one 6-in.-deep tray. one-third each
of three 3-in.-deep trays. one 3-in.-deep end corner tray on the Earth-facing
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end, and about one-third of a 3-in.-deep end corner tray on the space-facing
end. A one-third-tray location typically will contain 80 impact sensors and 1
Sun sensor.

Approximately every 2 houn, an experiment power and data system will
ircord the status of all sensors and the recent experiment activity, which will
include the time of occurrence of each impact and the total number of impacts
for each sensitivity and tray location. The Sun sensors will be used to record
the time from the most recent crossing of the dark-to-light terminator.

When the experiment is recovered, the recorded data and LINT tracking
data will be analyzed to determine the dust encountered as a function of mass,
time, and velocity direction in geocentric coordinates. These data will then he
correlated with theories and observations of other dust-related phenomena.
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Space Debris Wiwi Experiment
(S0001)

Donald H. Humes
NASA Langley Research Center

Hampton. Virginia

Background

Current models of the near-Earth meteoroid environment are based on
measurements by many different types of detectors, each measuring over its
own narrow mass range with no overlapping of measurements. None of the
detectors measures mass or size directly. As a consequence. an uncertain
fitting together of the data has been used to estimate the population and size
distribution of meteoroids near the Earth. This experiment will use the same
detector. an aluminum plate. to detect meteoroids over a very large size
range. A single factor that converts crater size to meteoroid mass can he
applied to all the data. A much improved population and size distribution of
meteoroids will be obtained.

Man-made debris may someday become a significant component of the
space debris environment near the Earth. Future spacecraft explosions,
whether accidental or intentional, can result in millions of fragments, each
capable of inflicting substantial impact damage. Such fragments could remain
in orbit for years. An estimate of the current man-made debris population will
also be made with the experiment.

Objectives

The specific objectives of this experiment are to establish the population
and size distribution of meteoroids in the mass range from 10 t" to 10 g. to
establish the current population of man-made debris in the same mass range.
and to obtain data on the physical properties (composition and density) of
meteoroids.

Approe ii

The space debris impact experiment will expose large areas of thick
aluminum plates to the space debris environment. The size distribution of the
craters caused by meteoroids will be used to determine the population and size
distribution of meteoroids. The size distribution of craters caused by man-
made debris will be used to determine the population and size distribution of
man-man debris. The shape of the craters. the impacting particle material
found on the crater walls. and the location of the impacts on the spacecraft will
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be used to distinguish between meteoroid craters and those caused by
man-made debris.

This experiment occupies 19 3-in.-deep peripheral trays. two 3 -in.-

deep end corner trays on the Earth-facing end. and one 3-in.-deep end corner

tray on the space-facing end of the ',DE F. Additionally. several partial tray

locations on the periphery will be utilised.
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Meteoroid Damage to Spacecraft
(P0007)

Consortium of Investigator:*

Background

Observation of meteoroid impact damage to typical spacecraft com-
ponents (i.e., solar cells, thermal control surfaces, and composite materials)
can provide valuable information for the design of future spacecraft. A
detailed inspection of LDEF and the LDEF experiments will probably reveal a
number of examples of such damage. The LDEF will be the first large
spacecraft to be exposed in space for an extended period of time and then
recovered in such a manner that the external surfaces are not damaged by the
recovery process. In addition, the experiments in the LDEF trays will expose
examples of many typical spacecraft components to the space environment.

Objective

The objective of this experiment is to obtain examples of meteoroid
impact damage to typical spacecraft components, and by so doing to help
establish design approaches to minimize meteoroid damage effects to future
spacecraft. The results of the complete inspection of the LDEF will comple-
ment and extend the data obtained from specific meteorokl experiments flying
in LDEF trays.

Apiworwil

All exposed external surfaces of LDEF and the experiments will be
examined after retrieval before any experiment tray removal operations are
begun. The locations of impact craters will be documented and the principal
investigators of the trays containing impact craters will be requested to make
the component containing the crater available to the consortium forstudy after
evaluation of the item has been completed.

*Consortium members will be the investigators involved in the follinving meteoroid experi-
ments! Allt)23. Microabrasion Package; A0138.1. Study of Meteoroid Impact
Craters on Various Materials: A0138-2. Attempt w Dust Debris Collection With Stacked
Detectrs: AI87-1. The Chemistry 4 Micranietroroids; A0187-2. Chemical and Isotopic
Measurements of Micrometeortrids by Secondary Ion Mass Spectrometry; A0201. law-
planetary DUO Etiferiment: and S0001. Space Debris Impact Experiment.

138

145



Free-Flyer Biostack Experiment
(A0015)

Horst Becker
Institute for Flight Medicine, DFVLR

Cologne. Federal Republic of Germany

Background

Studies on the biological effectiveness of HZE particles (particles of
high atomic number Z and high energy) and stars are necessary to confirm

ground-based work. as well as to assess lite biological effects of HZE particles

not currently available from accelerators on Earth. Spaceflight experiments

are required to analyze and evaluate the biological effects of the different

species of HZE particles prevalent in space.\,
In comparison with the Apollo lunar 'mission. the dosimeiric data

calculated for a h-month flight of LDEF will yield an increase in total dose of

approximately 360 percent. in HZE particle fltience of approximately 2(X)

perc.nt. and in stars of even 27(X) percent. Thus LDEF will offer a unique

opportunity to gather information on the effects of stars on biological matter.

Objectives

The free-flyer bistack experiment is part of a radiobiological space
research program that includes experiments in space as well as in accelerators

on Earth. The program has been specially designed to increase knowledge

concerning the importance. effectiveness, and hazards of the structured

components of cosmic radiation to man and to any biological specimen in

space. Up to now. our understanding of the ways in which HZE particles

might affect biological matter is based on a few spaceflight experiments from

the last Apollo missions Miostack I and II. Riocore. and Apollo light flash

investigations; and the Apollo Soyui Test Project t Biostack 111f. and on the

limited data available from heavy-ion irradiation from accelerators. In the

near future. accelerators capable of accelerating particles up to higher atomic

numbers and higher energies will promote increased activity in ground-based

studies on biological effects of H71 particles. Comparison of data f-rom such

irradiation experiments on Earth with those from an actual spaceflight

experiment will show any potential influence of the inevitably attendant

spaceflight factors (e.g., weightlessness, on the radiobiological events.
lurther. the long duration of the IDEF flight will increase the chance of
studying the biological effectiveness even of rare components of cosmic
radiation. such as iron nuclei or superheavy particles of high energy. which

arc not yet available from ground-based facilities.
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IDLE Mixviim 1 I. vier-imam

Approavh

The flight hardware used to athlete this objective consists of biological
stlecimens and nuclear track detectors. Correlation of the biological and
phssical et tints was achieed h using a special sandwich constniction of
isual track detectors and monola% cr. of biological biect%. Vigure 60 %boy,. a

photograph of the experiment hardware and illustrates the itch:elm unit
construction.

The thence of heat v particles and or nuclear disintegration stars de-
pends on the locatins of the experiment on IAN+. Therefore. two experi-
ment locations with different shielding against space are used. The esperi
ment consists of 211 detector units. 12 units mounted in a 6-in. deep end
corner tra on the Earth-faing end of IDLE and X mounted in one-third of a
b-in. -deep peripheral drat . Fach unit weighs ;,ippriAimatel% 2 kg and does not
require power. Knott ledge of the temperature histort atound the single units
is necessar% for all other orbital parameters needed tor the experiment.
normal hacking of the spacecraft w ill he sul ficient. All eNinnent data
anal %is w ill he conducted at various experimenters' laboratories in Luntrc
and the l'.S ( See tables 15 and 16.1
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Seeds in Space Experiment
(P0004-1)

George B. Park. Jr.. and Jim A. Alston
George W. Park Seed Company. Inc.

Greenwood. South Carolina

Background

Man, when exploring and developing terrestrial frontiers, has generally
carried seed for crops to support his survival. In the foreseeable future, man
will probably also transport seed in space as he explores and develops that
new frontier. The space environment can be hostile to seed; therefore, data are
needed on the effects of space on seed and on how seed should be packaged to
survive in space. As a first step toward meeting this need, the George W. Park
Seed Company, Inc.. flew a Getaway Special seed experiment on STS-6 and
found that seed can in fact survive a few days in low-altitude Earth orbits. The
Seeds in Space Experiment for LDEF will investigate the effects on seed of
exposure to space for I year.

Objectives

The specific objectives of this experiment are to evaluate the effects of
space radiation on the survivability of seed stored in space under sealed and
vented conditions and to determine possible resulting mutants and changes in
mutation rates.

Approach

The basic concept for this experiment is to expose approximately two
million seeds of many varieties to space for I year and then return them to
Earth. The returned seed will be germinated along with control seed of each
variety which has not been exposed in space. and the germination rates and
development of the plants will be observed. The seed will be packaged in
Dacron bags and stored in both sealed and vented containers mounted in a
6-in.-deep peripheral tray. Figure 61 shows ographs of the flight con-
tainers. which are painted white for thermal control. Most of the seed will be
loaded into the large I 2-in.-diameter sealed container to preserve pressure
and sufficient moisture. This container has been constructed of aluminum
with a thin dome, about 0.050 in. thick, to minimize shielding of spare
radiation to the top layer of seed. Layering of seed within the container
provides increasing shielding to lower layers of seed. Radiation levels will he
measured by thin dosimeters placed between layers of seed. Passive
maximum-temperature indicators will also be placed inside the container.
Another container, mounted on the bottom of the tray. will be painted black
and will have a temperature range similar to the average internal temperature
of the LDEF.
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Space-Exposed Experiment Developed for Students
(SEEDS)
(P0004-2)

Doris K. Grigsby`'
NASA Headquarters
Washington. D (' .

Background

This experiment, which is closely related to the Seeds in Space Experi-
ment (110004-1). w ill otter students the opportunity to evaluate the sur-
vivability of seeds stored in the space environment and to determine possible
mutants and changes in the mutation rate which may occur.

Objectives

The ohiectivres of this experiment are to invoke a very large number of
students in a national project to generate interest in science and related
disciplines: to offer students from the elementary through the university level
an opportunity to participate in a first-hand experiment with materials flown
in space: to permit active involvement in classroom experiment design.
decision making. data gathering, and comparison of results: and to emphasis
a multidisciplinary approach to the project involving subject areas other than
science.
ow. Approach

Approximately I I to 12 million tomato seeds will he stored in IRV sealed
containers nEwunted in a 6-in.-deep peripheral tray. (See !..g. 62. Within each
scaled container. the seeds will he packaged in four Dacron hags. Passive
radiation detectors will he placed inside the canisters. Figure 3 shows the
large scaled containers in the tray. without the top thermal cover. After
approximately a 12 -month exposure to the space environment, the seed will
he returned to the George W. Park Seed Co.. Inc.. which will provide the seed
kits. In addition to flight seed. an equivalent amount of control se" will he
maintained in ground storage facilities. Both sets of seeds v, ill aluated
postflight to determine germination rates.

After the first MU mission is completed, participating student groups
w ill he provided w ith kits containing samples of both exposed and control
seeds. The students will design and conduct their own classroom experi-
ments. Information gathered and evaluated by the students will he made
at affable to the public. NASA. and the Park Seed to.
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Holographic Data Storage Crystals for LDEF
(A0044)

W. Russell Callen and Thomas K. Gaylord
Georgia Institute of Technology

Atlanta, Georgia

ground
A compact high-bit-capacity recorder (on the order of 10" bits) and

memory system do., not exist at the present time. However. electro-optic
holographic recording systems are being developed and appear to be ex-
tremely promising.

Objective

'the objective of this experiment is to test the spaceworthiness of
electro-optic crystals for use in ultrahigh-capacity space data storage and
retrieval systems.

Approach

The experiment approach is to passively expose four holographic data
storage crystals. each 10 by 10 by 2 mm in size, to the space environment.
Three of the iron-doped lithium niobate crystals contain recorded holograms
and one is unrecorded (control sample). Crystal I is heat treated for maximum
sensitivity and is blank. Crystal 2 contains a plane wave hologram written
with a helium-neon laser (X = 632.8 nrn). Crystal 3 contains a plane wave
hologram written with an argon laser (A = 514.5 mn), and crystal 4 contains
a spoke pattern hologram written with an argon laser (A = 514.5 nm). The
crystals containing the holograms were fixed in an atmosphere of lithium
carbonate to extend the lifetime of the holograms.

This spectrum of crystals will assure determination of the most suitable
crystal treatment for space use. A glass control sample will also be flown.

In crystals 2. 3 and 4, the data will be protected by charge neutrality of
combined ion and electron patterms, and the holograms should be directly
recoverable upon reexposure to uniform illumination. Two control crystals
will remain on the ground, one containing a helium-neon laser hologram and
one containing an argon laser hologram.

The crystals for this experiment will be included with the various
elec.-tro-optical components of LDEF experiment 50050, Investigation of the
Effects of Long-Duration Exposure on Active Optical System Components.
and will he located in the same experiment tray. Figure 64 illustrates the
concept of data storage in an optical-phase holographic memory.
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Exposure to Space Radiation of High-Performance
Infrared Multi layer Filters and Materials

Technology Experiments
(A0056)

John S. Seeley. R. Hunneman. and A. Whatley
Ikpartment of Cybernetics. University of Reading

Reading. Berks. United Kingdom

Derek R. Lipscombe
British Aerospace Corporation

Stevenage. Ilartfordshire. United Kingdom

Background

Infrared multilayer interface filters have been used extensively in sat-
ellite radiometers tr about 15 years. Filters manufactured by the University
of Reading have been used in Nimbus 5. h. and 7. TIROS N. and the Pioneer
Venus orbiter. The ability of the filters to withstand the space environment in
these applications is critical; if degradation takes place. the effects would
range from worsening of signal-to-noise performance to complete system
failure. An experiment on the WEE will enable the filters. for the first time.
to he subjected to authoritative spectral measurements following space
exposure to ascertain their suitability for spacecraft use and to permit an
understanding of degradation mechanisms.

Additionally. the understanding of the effects of prolonged space ex-
posure on spacecraft materials, surface finishes, and adhesive systems is of
great interest to the spacecraft designer. Thus, a series of materials tech-
nology experiments will he included with the experiment on infrared multi-
layer filters.

(Thjectimes

The objective of the multilayer filters experiment is to expose high-
perfOrmance infrared multilayer filters to the space environment and recover
them for subsequent analysis and comparison with laboratory control
samples. Semiconductors such as PhTc. Si. and Ge will be examined to see if
excess free carriers have been generated by exposure, and for evidence of
surface contamination or degradation and ior decomposition. ZnS and other
dielectrics will be examined for evidence of bulk degradation. such as
enhanced absorption. color center excess, and reststrahl abnormalities.

The objectives of the materials technology experiments are to evaluate
the degradation of spacecraft surface finishes. the outgassing of spacecraft
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surface finishes. the effect of thermal paints on cartxn-fiber-reinforeed
plastic tCFRP) sheet and the thermal differentiation of expansion between

base material and thermal coating. the strength of adhesive-bonded joints t tap

shear). the effect of CFRP strength stiffness and interlaminar strength. the

dimensions of CFRP curvature. and the effect on bond strength between

('FRP-aluminum alloy skins and honeycomb core.

Approach

The experiment %ill utiliie one-sixth of a 3-in.-deep peripheral tray and

on-fourth of a 3-in.-deep end center tray on the Earth- faring end of the

LIME. Figure (15 illustrates the arrangement of the filters and materials
samples.

The int tared filters being considered for the experiment are listed in table

17. The samples will he measured on an infrared spectrometer with particular

reference to any critical parts of their spectrum te.g.. peak transmission and

center %aye number of bandpass filters. edge position and steepness in edge

filters. and transmission in longwave filters) prior to assembly into the

i..xpermiental structure. At the same time. the samples will he visually

inspected and photographed. and any other testing for example, adhesion

tests) %tit be carried out. Upon retrieval, the samples will be visually

inspected prior to shipment hack to the laboratory rtor posttlight testing.
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Table 17.Iiigh-Perforinante Infrared filters

Sample type Materials (substrate lavers, funt bon

Substrate.

Substrate

Substrate
Substrate
Substrate
Substrate + coating

Substrate toatmg

Substrate t (rating

Substrates coatings

Substrates ((Tabus%

Substrate

Quartz'

kKS5 tTttirtt
kKS6 (Iftlfirt
Germanium with InS'Phle
mukilayer
Germanium with inti:'Ptfle.
photoresist or Phi..
Silicon with photoresist
Silicon with ZnS, silk on
with ZnSe, silicon with
(dSe
Germanium with /W., rifle
multdavers

t °Mings sate on with t dSe Pty e
multdavers

Substrate 4 (thitings

Substrate cewtrngs

Substrates 4

Substrate

Substrate. * coatings

Substrate + coatings

Germanium with Ins,Pble
nultilayers
Germanium with ins.PbTe

coatings 111-113r with inSe;11t lKr
multdavers photoresist
antireflet lion t
Silicon with ZnSeITICIBr
multilaver
Silicon with teitellttrf
multitayer
Germanium with ZnS/PbTe
mullilaver

t oatings

Substrate 4 coatings

Mesh filters

Germanium with /nSiPbTe
multilayer with photoresist
antireflection layers
Melinex + evaporated Au
films

ongwae blot r
Shortwave- blot ker for
longwave Idler
ongwave blot lei

tongwave blot ker
tongwave Witt ker
Broadband antireflt tit ro
coating
Broadband antireffc tit in
coating
Antireflec tton coating
ongwave reststrahl

Mockers used in Venus.
Pioneer probe
Bandpass filter on two
substrate's. 15Am 0., hand
comprising two tuff blot ken
edge filters, used in flIV"
N Stratospheric sounding
Lind
ongwave edge filter at

2.; pm, lulls blot keel to
shortwave
10.6-pm narrowband lawn,
fully bltxked to shortwave
15 -pm narrowband triter ton ;
t 0: band, similar to tillers ;

used in Nimbus 5
ongwave edge tor Jupiter

missions

Iongwave edge for homier
missions
tongwavtb edge ton Jupiter
missions
10.6-pm narrowband filter.
fully blocked to shortwave,
ZnS spaced
Steep-edge filter at
approximately 11.5-pm

far - infrared mesh filters
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Effect of Space Exposure on Pyroelectric
Infrared Detectors

(A0135)

James B. Robertson. Ivan 0. Clark. and Rope( K. Crouch
NASA Langley' Research Center

Hampton, Virginia

Background

NASA's coininitment to air pollution monitoring and thermal mapping
of the Earth. which includes the remote sensing of aerosols and limb scanning
infrared radiometer projects. requires photodetection in the b- to 20-p.m
region of the spectrum. The lig-Cd-Te detectors that are presently used in
these wavelengths must he cooled to 50 to 80 K. The cryogenic systems
required to achieve these temperatures are large, complex. and expensive.

Pyroelectric detectors can detect radiation in the I to 100-pm region
hile operating at room temperature. This makes the pyroelectric detector a

prune candidate to till NASA's thermal infrared detector requirements.

Objective

The objective of this experiment is to determine the effects of long-
duraton space exposure and launch environment on the performance of
pyroelectric detectors. This information will be valuable to potential users of
pyroelectrics for predicting performance degradation. setting exposure
limits. or determining shielding requirements.

Approach

In brief. the approach is to measure important detector parameters on a
',wither of detectors before and after flight on the [DEF. Commercially
it a liable detectors will be pur:hased for the experiment. Performance param-
eters to he measured are resp4msivity. detectivity. and spectral response.
Material properties to he measured are pyroelectric coefficient and dielectric-
loss tangent.

Atter the detectors are returned to the laboratory, all tests and measure-
ents will he repeated to determine the amount and type of damage suffered

during launch and exposure.
The detectors tOr this experiment will he included with the various

electro-optical components of experiment 50050. Investigation of the Effects
of (mug. -Duration Exposure on Active Optical System Components. and will
he located in the same experiment tray_

I 5S
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Thin Metal Film and Multi layers Experiment
(A013$ -3)

J Delaboudinior and J. M. Berset
CNRSil..PSP

Verrieres lc Buissn. France

Background

it is welt know n that ultraviolet (UV) and extreme ultraviolet &UV,
experiments suffer degradations during space missions of even 1 month
duration. it is believed that the degradation is due mainly tocondensation of

outgassmg products. followed by solar-induced polymeri/ation. However.
penetrating charged particles arc also known to produce volume effects. On
the other hand. degradation may start immediately after manufacturing of the
component due to oxidation. moisture. or chemical corrosion by atmospheric
constituents such as CO. and SO.. Finally . when the titters arc used as

indt s h gas absorption cells or gas filters. or when they define the
instrumental hands idth by themselves (as in photometers and colrimeters,.
the Lilcos of mechanical degradation by thermal cycling and or dust impact

nia. be dramatic
Objectives

I he obiectix es of this experiment are to imestigate the sources of
degradatn in (it b th state- of-the -an and newly developed comp4ents and to
test the usefulness of the concept of storing experiment samples in dix
nitrogen under launch and space vacuum condition. during rcenirN

phases

Approach

I he experimental approach is to passively expose FAA' thin films and
t filters to the space environment ti or postflight measurement and com-

parison w nth preflight measurements. The experiment will he located in one
of the three FRECOPA hoses in a 12-in.-deep peripheral tray that contains

nine other experiments from France. (See figs. 12 and 13. I The FKR'OPA
NA c% ill provide protection for the experiment samples during the launch and

wont-% phases of the 1,1)11; mission,
All samples will be manufactured at LPS1) according to carefully

controlled techniques and w ill he separated into two exactly similar lots. one

ad va hich %Nal ser%e as control samples and will he stored under vacuum
conditions in the laboratory . The flight lot will also he divided into two
halt--101%. one w ill he mounted in the FRECOPA box to see solar illumination
and the other will be protected from solar illumination. After MEI; de-
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ployment. the FRLCOPA ties will he automatically opened to permit
exposure and will he closed prior to LIN+ retrieval. After the flight samples
are retrieved. their optical proilerlies and the optical properties of the control
lot w ill he rellleaMIRXI. The control lot w ill he remeasured to account for
intrinsic aging.

leach halt lot t the flight samples will contain 12 EUV free-standing
''single law(' thin films tset S, t, 2 El 'V "single-layer thin films (set S.).
12 multilaers deposited on glass substrates (set SO. and 4 UV crystals (set
N"

1 he titters in sets SI and S. are thin t 15(X) to 3000 A) films of selected
metals. Under such thickness, good optical transmission is obtained in

avelength hands approximately 100 A wide. Selected materials that provide
hands in the extreme ultraviolet include Al. Al + Sri. and In.

I he metallic multilayers in set S4 are new optical components for the
EL -V reg Interference effects within a stack of-alternatively absorbing and
transparent materials of appropriate thickness are used to increase the re-
f lee( mg ct t ii iencc w ithin a narrow wavelength range. The number of periods
is on the order of It) to 40. Layers of SiAV and C,'W are scheduled to he
included it as ailable.

The I 'V ere_ seal filters an set S, are relatively thick 2 min) en stal
% indow s of 1.11: and WU. and are of general use in the far UV range

t of the preflight test program. fabrication controls and preliminary it V
bandass measurements % ill he made with a grating incidence mono-
chri imator. The full bandwidth i.f re -standing filters and multilayers will he
measured with a snchro(n in light source in several wavelength intervals
frii Sit to MK) A. w Oh emphasis on the interval from ItX) to 1000 A. Optical
constants w ill be measured from deposits on glass substrates.

Preflight measurements will he repeated for the postflight test program.
and surface physical and chemical analyses will he made using the samples
deposited on glass substrates and sonic of the tree standing films in cases
w here drifts has e been observed. This will he possible because sex:ral filters
of each kind will he used te.e destructive testing is possible).
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Vacuum-Deposited Optical Coatings Experiment
(A0138-4)

.\. Alatherbe
Optical Dk ision. Matra S.A.

Rued Malman. France

Background

In the past. the Alma Optical I/it ision has developed a w ide range of
optical componen manufactured by vacuum deposition. such as metallic
and multithelectric reticent e L.oatings in the UV range. metal-dielectric
interference fillers in the UV (down to I IIX) At and IR ranges. narrow
handpas in the near-1N and y iihk- ranges. selective metallic mirrors
in the range from 1500 to 2500 A. antireflective and Mkt:the (K coatings.
licam spinteis m the vt.ihlc and IR ranges. and optical surface reflection
it )SR $ coatings. Mans of these components. sonic of which woe the first of
this 1 pc to he manufactun:d in the world (e.g.. interference filters at man

hate been incorporated into scientific and technical ettleriuicatis-ttOwn on
balloons and rockets as well as on Symphonic. Mck-osat. OTS. D2-B. TIROS
N. and others. These components appear to have operated successfully in
flight but detailed illtOrillail011 concerning their long-term behavior is not
at .

Object iv e

!he obicctit c of this evpenment i. to :malt A.- the stahilii% of %arum%
dip isited pi COdinV% e%itell tit the space CH\ ittIllnient

Approach

I he eerimenfal approach i. lit pasi%el espttse samples of the optical
cimtings of interest. (See table IS.) Preflight and postflight optical measure-
ments. including v istial and inicioscitric inspections. will be compared to
delernmie the et feet. of space en% innuttent evposure.

The etperiment w ill he located tv ith nine other eweriments from France
iii a 12-in deep peripheral tray . The optical coating samples u all he located in

one of the three FRLCOPA bows located in the tray . (See fig. 12.) The
FRI:COP:1 bits ( fig. 11) will pray ide protection from contamination for the
samples during the launch and wenn.y phases of the MEE mission.

hetlight and postflight measurements will include visual and micro-
scopic evalmnation and spectrophotometric arn6sis. For samples that show
change. nucrop11s sieal analyses w ill he performed by experienced lahlrafil-
FlOo.
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Table 18. Optical Coatings Used in Eperiment At 1138-4
- - -- - - _

Sample

Metallic interference litter
made in ultrahigh vacuum,
A 121.6 nm
Metallic interference titter
made in classical vacuum
A 121.6 mu
Metallic interference tiller,
A 1t0 nm
Dielec tot Intel-Wren( t
A SOO mu

Handpass infrared Idler,
A IS I-cm

Al t Mgt: metallic mom' on
glass substrate
Al Mg, metallic mirror on
kanigen substrate
Al 4 Id metallic mirror on
glass substrate
Al t d metallic mirror on
kamgn substrate
Platinum mirror

At, miroir

Ag MI, metallic (BUMF CM
glass stitearat
Ag lid y metallic mirror on
Kanigen substrate'
Dielectric mirror at
A 250 mil
Diilecfric mirror at
A 1711 nm

kitallic side( live mutt)! at
A 1-11 meet

Sit ),-Ift ome'le't nit ninT00.

Antiredection coating in 14- to
16-1.1.m regic in

VILectiull coating in 8- to
ll-Rm region
Dic hrometric separation in
viibk and infrared region

.-^7- -
Performance'

10 percent
A A near 10 nm

1 8 percent
A A near 12 nni

T 12 pert cid
A A near IS nm
1 50 percent
A A near S rim
1 50 percent
A A near 2 pin
R &) percent at
A 121 nm

75 percent at
A 121 rim

K 55 percent at
A 102 nm

K percent at
A 102 nm
K 20 percent at
A 121 nm

K 20 percent at
A 121 nm

K 95 percent at
A 450 nm
K 95 percent at
A 451) nm

R 9S percent at
A 254? nm

R 95 perteid at
A 170 nm

K 80 percent at
A 2tttt nm and
K 20 pen gent at
A 3(t0 nm

- 9S percent in
visible
I 94 percent at 15
fern

1 94 percent at 10

90 ptnent in
visible. I -

cent at 10

-1transn-lission. R reflectance.

)plic ation

ientific

tit ientific

St lentifit

tic lentilic

I Oct ommunic ation,
Earth observation
Sc ientitic

St ientiti,

Sc lentil lc

Sc ientific

Scientific

sc ientific

arch observation

I aril) tibseration

Sc itntolit

Sc itnidot

St within.

Earth observation

tele( ornrnunicatkin

Earth observation,
meteorology
Earth observation



Ruled and Holographic Gratings Experiment
(A0138-5)

Gilbert Moreau
Johin- Y von Division. Instruments S. A

Longjumeau. France

Background

In the past. seeral ruled and holographic gratings from Johin- Yvon
ith %aims coatings were successfully flown on rocket experiments from

l_PSP and other organizations as well as satellites D2-A. D2-13. 0S0-1. and
some from the U.S. Future utilizations of such gratings are being considered
for the Space Telescope and for various Spacelab projects being developed by
France. Germany. Belgium. and other countries.

The technique used to replicate gratings can also he used to obtain a wide
range of lightweight optical components. including sophisticated aspherical.
highly polished mirrors.

()hjecties

The ollective of this experiment is to test the behavior of ruled and
holographic gratings with various coatings after extended exposure to the
space irnments Specific objectives include examining the coatings for
possible changes and differentiating between the influences of vacuum and
solar illumination.

Approach

The experimental approach is to passively expose samples of the grat-
ings and coatings of interest. Preflight and postflight examination to charac-
terize the optical quality of the gratings will include measurement of w aye-
liont flatness. reflection efficiency. and stray-light level.

The experiment will he located with nine other experiments from France
in a 12-in .deep peripheral tray. The grating samples will he located in one of
the three FRLCOPA boxes located in the tray. (See fig. 12.) The FRECOPA
box fig. 13) will provide protection for the samples from contamination
during the launch and reentry phases of the WEE mission.

The following is a list of the samples to he used in this experiment with a
descripoon of each. Type is a replica of a grooved grating with 1200
grim we. turn Rued at 25(K) A (aluminum-coated blank pyrex ). Type IF is
an original holographic grating with 36(K) grom es/ Mill and a spectral range of
5(N) to 1500 A (platinum-coated blank pyrex). Type 11U is an ion-etched
blazed grating with 1200 groovesimm blazed at 2500 A (aluminum - coated
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blank pyrex). Type "W is a control inin,r on blank pyrex. One half' is
coated w ith aluminum and the other halt w ith platinum. Samples will he
located on both sides of the mounting plate within the FRECOPA box and will
have the shape of a parallelepiped w ith dimensions 34 by 34 by 10 nun. A set
of control samples will also he stored in the laboratory for comparison with
those retrieved from space.

Preflight and postflight measurements to be made include the follow ing
parameters.

1. Wave surface flatness. will separate changes introduced
groove distortion and blank distortion and will he measured on an order of
/en) for types II. 6. and W. and on an order of one for types 6. II. and HU.
The measurement w ill he made by photography using a Michelson
interferometer.

2 Reflection efficiency. This is measured with a hologoniometer
from 2200 to MOO A for types 6. HU, and W and with a vacuum photo--
goniometer from 584 to 1216 A for types H and W.

3. Stray light level. -For types and HU. measurements will he made
using a continuum spectrum (deuterium lamp) near 2000 A on a mono-
chromator w ith a liquid filter. For type 111.1, measurements will he made using
a laser line (632$ A) on a monochrmator. These measurements will help
define the limits of utilization for each type of grating. Comparison of the
different measurements before and after seace exposure will help define the
space ern ironment elements that cause degradation of grating optical qual-
ities and the grating components which arc damaged by those elements.
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Optical Fibers and Components Experiment
(A0138-7)

J. Bourrieau
CERPONERA-DERTS

Toulouse. France

Background

Fiber optics are becoming important components in communication
systems, optoelectronic circuits, and data links. Space applications are now
available vik ith various advantages: weight and size reduction. data trans-
mission rate increase (10 to 10- Mhits). and reduction of electromagnetic
susceptibility and power requirements. High sensitivity to ionizing radi-
ations. however, may be a restriction for optic-fiber use on satellites.
Presently in-flight observations of optic -fiber damages are not available, but
an increasing number of laboratories are carrying out irradiation tests On these
components using neutrons, gamma rays.and X-rays. Radiation damage on
optical materials, however, is strongly linked to the test conditions (tempera-
ture. dose rate. energy. and nature of the incident particles), and laboratory
tests arc not as representative as actual space environment exposure.

Objetiiv es

The main objective of this experiment is the comparison of fiber optics
permanent damages induced by ionizing radiation after a long exposure in
space and after laboratory tests. Specific objectives are to validate irradiation
tests peiformed with radioactive sources (Se"-r"), to verify computer codes
used tOr the fluence and dose profiles. to determine the performance of fiber
optics waveguides in a low-altitude orbit (doses between 10 and 1(N) Gy are
expected). and to determine the origin of transmission losses (e.g.. color
centers and index variations) in the material.

Approach

The experimental approach is to passively expose two optic-fiber wave-
guides tone step index and one graded index) of some 60 cm in length with
connectors. t See fig. 66.) Preflight and postflight measurements of optical
properties will he compared to determine the effects of space environment
exposure.

The experiment will be located with nine other experiments from France
in a 12-in.-deep peripheral tray. The optical fibers will be located in one of the
three FRECOPA boxes in the tray. (See fig. 12. ) The FRECOPA box (fig. 13)
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will provide protection for the optical-fiber waveguides from contamination
during launch and reentry phases of the HMI:mission. The in-flight absorbed
dose profile will he measured with five thermoluminescent dosimeters
shielded ht arious aluminum thicknesses.

Irradiation of the selected optic fiber waveguides will be carried out in
the laboratory with an tirq".-.V4) beta ray source in order to simulate the
in-flight dose. Before and after flight and laboratory simulation, measure-
ments of the optic-fiber waveguide light transmission will he made with a
spectmphotometer. Four sets of samples will he manufactured, one for
ground test and the others for control, flight, and space flight sets.

I (,h

peruttrit
A01 48.10

I xpornent Al) i ;8-6

()ptt( fiber Itkading

I )osimeter I it ation

Connec for

I igure 1.1) Opttc.11-1thers eaprtmnt tonliguralum.
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Pave Exposure of Earth Radiation Budget
Experiment Components

(A0147)

John R. Hickey and Francis J. Griffin
The Eppley Laboratory, Inc.

Newport, Rhode Island

Background

Earth Radiation Budget (ERB) experiments require accuracies on the
order of fractional percentages in the measurement of solar and Earth flux
radiation. In order to assure that these high-accuracy devices are indeed
measuring real variations and are not responding to changes induced by the
space environment, it is desirable to test such devices radiometrically after
exposure to the best approximation of the orbital environment.

Objective

Since the Earth Radiation Budget experiment was operational on Nim-
bus 6 and is operational on Nimbus 7. and since in-flight calibration is
difficult for the solar and Earth flux channels, the objective of this experiment
is to expose ERB channel components to the space environment and then
retrieve them and resubmit them to radiometric calibration after exposure.
Subsequently. corrections may be applied to ERB results and information will
be obtained to aid in the selection of components for future operational solar
and Earth radiation budget experiments.

Approach

Passive exposure of solar and Earth flux channel components of the ERR
radiometer is the basis of the approach. Three Earth flux channel types of
ERB will he mounted in one-fourth of a 3-in.-deep end centr tray on the
Earth-viewing end of the LDEF. (See fig. 67.) Prior to delivery, these
channels will undergo complete radiometric and spectrophotometric exam-
ination. These tests will he repeated after retrieval to .:valuate changes in
orbit. The solar-channel components will be mounted in one-sixth of a
3-in.-deep peripheral tray near the leading edge of the LDEF (in the direction
of the velocity vector) to view the Sun in the manner most like the ERB
experiment on Nimbus. Solar-channel components to he tested include
thermopiles. interference titters, and fused silica optical windows. (See fig.
68. I Additionally. some state-of-the-art vacuum-deposited interference fit-
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ter. have been included to examine space environment effects on these
components. The two thermopiles will have ditTerent black paint on the
receivers. The cavity unit will he similar to that proposed for future solar -

constant measurement missions. Vacuum bakeout will be pertOnned on all
elements as prescribed and performed for Nimbus prior to delivery. Radio-
metric testing and weighing will he performed on the thermopile and cavity
de% ices. Spectrophotometric testing will he performed on tillers and fused
silica components.
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Effects of Solar Rs lion on Glasses
(A0172)

Ronald L. Nichols
NASA George C. Marshall Space Plight Center

Huntsville. Alabama

Donald L. Kinser
Vanderbilt University
Nashville, Tennessee

Background

The deterioration of glass when subjected to solar radiation has been
scientifically observed. Since the molecular structure of glass is considered to
be in a metastable state, this lack of stability is not an unexpected event; the
glass would achieve a lower state of energy if its atoms were rearranged in a
king-range repetitious lattice structure. Changes in the properties of a glass
are commonly associated with exposure w solar radiation. Because of
insufficient test data for glasses exposed' to actual space radiation, the
materials engineer must attempt to extraprilate from data for artificial solar
radiation exposure in order to select glasses for use in hardware that will he
exposed to the space environment for long periods of time. This limitation
severely degrades the confidence level for the performance of glasses utilized
in space.

Objective

The objective of this experiment is to determine the effects of solar
radiation and space envinniment on glasses in space flight by exposing glass
specimens to the space environment and analyzing the optical, mechanical.
and chemical property changes that occur. The property changes of samples
receiving differing cumulative solar radiation exposure will he compared.

Approach

This experiment will he conducted by passively exposing glass samples
to the space environment. Glass samples occupying one-sixth of a 3-in.-deep
tray will be located near the trailing edge of the LDEF so that they will be
exposed to a maximum amount of incident solar radiation. This location will
contain 68 cylindrical disc samples 1.25 in. in diameter. (See fig. 69.)
Another group of S2 samples occupying one-fourth of a 3-in.-deep tray will
he located on the Earth-facing end of the LDEF and will receive minimum
exposure to solar radiation. The properties of each sample will be measured

170

177



Eletr-wis and Optic.%

Mounting !Plate -1
t, e,t't (;)> e) sr." dt,ez) fp et

e E-, tel fz,
f I (-I t, tio e. °' 4 r-t

1 v ( #.3* ef) "EP*
t CfP e9 41

aPir r f 115 e)ez)-ey
(--1 e,

oak.

Ml et

Snap ring

Mount trig
plate

4/-1191 IP.41,

in aft Pf .IPTIP

wertmerit A()189

111F.
.0kfli.1.

9_000,500.
of-

final, Pule

,4,..finit.t
SOIXJ1

1 (guru 69. Solar rathatton tin gl"ses experiment

171

178



Mission 1 Etperiments

prior and subsequent to eposure to the space environment. Several samples
of each glass composition selected lot flight will be evaluated to allow a
statistical analsi of the data obtained. Candidate composition.. include
aluminosilicates. fused silica. titanium silicate. lead silicates. horosilicates.
s4la potash lime, potash horosilicate. and soda lime silica glasses
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Study of Factors Determining the Radiation Sensitivity
of Quartz Crystal Oscillators

(A0189)

John 1). Venables and John S. Ahearn
Martin Marietta Laboratories

Baltimore. Maryland

Backgruund

It has long been knmsn that radimon increases the acoustic absorption of
quart/ cry stat oscillators and produces shifts in their resonant frequency
%%Melt may he as large as -100 parts per million. The need tor high-precision
quart/ oscillator clocks and tillers) in communication satellites. missiles.
and space probes makes it necessary to improve the radiation stability of
materials used for these applications.

Experiments pertOrmed at Martin Marietta Laboratories demonstrate
that the technique of transmission electron microscopy (TEM ) provides a

oserful method for studying the effect of radiation on crystalline quart/.
When suitably thin samples of o-quart/ are examined by TEM. it is observed
that detect clusters form at a rapid rate within the material even when the
incident electron energy is as low as 4(1 keV. Studies of this phenomenon
indicate that the clusters are formed from atoms that have been displaced by
electrons in the incident beam. that the clusters nucleate at impurities
because the cluster concentration appears to he impurity dependent). and that

the clusters induce large strain fields in the lattice surrounding them. as
idenceti b% their paired black-dot images. which are characteristic of

.-strain field contrast.'"
'F o factors suggest that the observed clusters may be responsible for the

radiation-induced frequency drift and acoustic-absorption effects associated
ith irradiated quart/ resonators. First. the clusters are expected to he very

effective in modifying the piezoelectric properties of quartz because of the
large strain fields associated with them. Second. both phenomena appear to
be sensitive to the impurity concentration. If this conclusion is valid. it
suggests that TEM can he used to classify grades of quartz according to their
suitability for use in radiation-hard resonators. Moreover. using this tech-
nique it may be possible to identify. the impurities that are responsible and
thereby effect an improvement in the stability of quartz oscillators.

Objective

The fibiectoe of this experiment is to determine whether there is a
correlation between defect cluster concentrations observed for different
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grades of quartz examined by TH1/41 and the electrical stability of quartz
resonators e posed to the complex radiation asmiciated w ith an orbital LDEF
environment.

Approach

To accomplish the objectives. several glades of single-crystal m-quartz
containing a wide range of impurity concentrations have been examined by
TEM to determine differences in their susceptibility to cluster formation
during electron irradiation. Based on the sensitivity of the quartz materials to
radiation as determined by 'MM. two grades of quartz have been selected for
fabrication into resonators. The selection has been made to maximize the
differences in radiation sensitivity of the chosen materials. The electrical
properties of the resonators are being established by measuring their resonant
frequency as a function of time to establish the natural frequency drift of the
resonators before insertion into orbit. After exposure to the (E)EE environ-
ment, a second series of electrical measurements will he made on the
resonators to determine variations from the preflight data. Changes in the
electrical data w ill then he compared with TEM results to determine whether
TF.N1 observations are relevant to the study of the stability of quartz resonators
in an outer-space environment.

The experiment hardware consists of one-sixth of a 3-in.-deep peripheral
max w rth 1.4 5. Milt fifth-overtone. At-cut resonators mounted on an alumi-
num plate. as shown in figure 70. The resonator% have been fabricated from
two materials (synthetic swept premium Q and Brazilian natural quartz)
selected because the `11:M technique indicAtes large differences in their
radiation sensitivity. Four resonators (two from each grade of material) will
he used as controls and shielded from radiation. The remaining ten resonators
( live from each grade t will be exposed to the space radiation. In addition. two
resonators tone from each grade) will he kept in the laboratory as additional
controls. By determining the frequency drift (lithe resonators bail.: and after
the flight, as well as the frequency- offset occurring during the flight. it
will he possible to separate the natural frequency drift from that induced by
the space radiation and to determine whether the radiation damage observed

correlates with the space radiation environment of an orbital LIM+
flight
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Investigation of the Effects of Long-Duration Exposure
on Active Optical System Components

(50050)

NI Donald Blue. James J. Gallagher. and K. G. ShackellOrd
Engineerinl.. Experiment Station, Georgia Institute of Team) lop

Atlanta. Georgia

Background

In the future. electro-optical systems will find increasing applications in
sace-based sy stems. The successful flights of interplanetary probes dating
hack to Mariner II in 1%2 have demonstrated the ability of optical systems to
operate in the interplanetary space environment over periods of many months.
Current and planned Earth resources and meteorological satellites are indica-
nye of the eimirlexity being achieved in such systems, and the planned laser
intersatellue clan nu mcat ion links show a new level of M phistieation being
developed for twine electro-optical systems.

The ens mnimental haiards peculiar to space include radiation-induced
discoloration. electrically active flaws. and changes in index of retraction.
These problems may arise from sublimation. utgassing. and decomposition
effects as well as from deposition of such products and other debris onto
component soul:kVA. Other harards are abrasion or cratering of surfaces.
w Inch are caused by meteoroids and cosmic dust.

Optical and elcctro- optical components must survive this environment.
Assurance of survival is typically provided by ground-based testing to
%muddle those aspects of the space environment which are considered most
serious. 1 he ay ailabilitY of the LIM+ permits exposure of electro-optical
components to a true space environment at a reasonable cost.

Objectives

I he oblecti es it this experiment are to determine quantitatively the
4:fleets of long duration space exposure on the relevant performance param
eters of lasers. radiation detectors, and selected optical components. to
evaluate the results and implications of the measurements indicating real or
suspected del iadation mechanisms. and to establish guidelines. based on
these results. tot selection viid the of components for space electro-optical
s% stems.

Approach

'I he experiment includes a representative sample of sources. detectors.
and passive comp ones typical of basic elements in electro-optical systems.

I 7(1
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1.1)171. Mi%Airfri I Everiment%

A total of 1 7 I components have been acquired. of which 13b will he
mounted in the tray and 35 will he maintained in the laboratory as controls. A
Mel listing of these components is presented in table $9.

The analysis procedure involves careful measurement of the operational
characteristics of the components before and after space flight. It may he
necessary to analyte surface debris or coatings of condensed materials on
optical surfaces. although the extent and nature of such effects cannot he
anticipated at this time. The analysis techniques available include scanning
electron microscopy, electron and X ray fluorescence spectroscopy. and
X -ray diffraction.

Duplicate components will be stored in a laboratory. environment and
H ill be a% aitable for companson purposes in most cases. The experiment will
be passive and no electrical power will he employed. Components normally
operated at cryogenic temperatures will not he cooled. For this rea,on. the

Table 19. Lift tro-Oplic al components
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experiment will serve to establish a baseline for the effe-cts of degradation of
components at ambient temperature. Future experinwnts on the effects of
exposure at normal cryogenic operating temperatures can be combined with
the ambient-temperature data to separate degradation effects that are speci-
fically temperature related.
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Fiber Optic Data Transmission Experiment
(S0109)

Alan R. Johnston and Larry A. Bergman
Jet Propulsion Laboratory

Pasadena, California

Background

Application of fiber optic technology to data transmission on a space-
craft w ill yield several benefits in comparison to conventional copper wire
transmission. Probe :ly the most important advantage is that fiber links are
inherently insensitive to pickup. electromagnetic interference, and ground
loops. Also. fibers are roughly two orders of magnitude smaller and lighter
than their copper wire equivalent. and ultimately it is anticipated that a fiber
fink will become cheaper than copper. The same components. once installed.
could handle the wide range of signal bandwidths. from telephone rates (tens
of kilobits, up to tens of megabits. In addition, there is a largely unexplored
relationship with the developing microcircuit technology, suggesting other
applications that are presently unknown. Therefore, early verification of fiber
optic technology in the spacecraft environment should have a broad-based
interest in the future. and this experiment will provide an opportunity to test
representatike types of fiber links in an actual space environment.

Objective

-the obiceme of this experiment is to test fiber optic components in the
space environment to determine their ability to operate over leng periods of
tine c3 ithout degradation of performance.

Approach

"lbe experiment occupies a h-in.--deep peripheral tray and consists of
approximately Itt state -of -the -art fiber cable samples and three candidate
connector types which will he passively exposed to the space environment.
Figure 72 shows the flight hardware.

Four fiber cable samples will he mounted in a planar helix coil on
thermally isolated mounting plates attached at the tray surface. Six Of more
additional cable samples will be mounted on the bottom surface of the tray.
Fach of the cable samples will be terminated in connectors mounted on
brackets. These will be located on the back surface of the upper plates. or on
the base plates tOr the internally mounted samples.
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Spam Environment Effects on Fiber Optics Systems
(M0004)

Edward W. Taylor
Air hrce Weapons Laboratory. Kirtland Air Force Base

Albuquerque. New Mexico

Background

Although the application of fiber optic technology in ground-based data
links is becoming commonplace, the technology advancement for aerospace
military application has not yet developed to the extent that full utilization is a
reality. Although fiber optic technology offers advantages such as reduction
of system susceptibility to electromagnetic pulse (EMP), electromagnetic
interference EMI). system-generated EMP (SGEMP). ground loop, and
inadvertent discharge phenomena, the undesirable response of optical fibers
exposed to limiting radiation is presently of concern to military aerospace
system designers. Functional improvements, such as weight and power
reductions. realized through the use of fiber optic technology certainly appear
attractive at this time. particularly in aerospace communication systems.
!kiwi:vet% since optical waveguide electro-optic technology has yet to be used
in space-borne applications, issues such as link life expectancies, power
consumption. sensitivity. and radiation hardening are of primary concern.

Space qualification of materials unique to fiber optic technology (i.e..
bonding and potting agents) over a typical temperature range from 65°C to
125"C under vacuum conditions is an immediate need for satellite appli-
cations. In essence. then, fiber optic space application must begin with early
spaceflight assessment of the influence of launch and orbital extremes. This
Air Force Weapons Laboratory tAFWL) investigation, although primarily
concerned with the survivability and vulnerability of fiber optic systems
exposed to the space radiation environment. is also cognisant of the entire
space qualification requirement.

Objectives

The objectives of this experiment are to assess the performance sur-
vivability of hardened fiber optic data link design for application in future
spacecraft systems and to collect. analyze. and document the effects of space
environmental conditions on link performance. Particular attention will be
directed toward the integration and operation of new fiber optic link com-
ponents exhibiting increased hardening to radiation environments. The Op-
portunity to expose operational fiber optic data links to an actual space
environment for 6 months or longer and to retrieve the data links for analysis
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is expected to impact future Air Force design of space-qualified fiber optic

systems. Data from the experiment. along with data from previous AFWI...

material and component radiation response studies. will be used to form

reliable design criteria for future spacecraft applications. particularly relative

to the long-term low-dose space radiation effects as a function of temperature.

Approach

This investigation is composed of nine distinct experiments consisting of

both active and passive data links or components. Certain links or com-

pnents will he preinadiated in order to assess the effects of the long-term

km -dose space radiation environment on link performance. The data rate for

the active fiber optic links was selected to be 10 Mbitsiscc. Shown in figure 73

is a photograph of the fiberoptics systems experiment. which will be installed

in a -in.-deep peripheral tray. In all instances. emitters. detectors. and all

connectors, couplers. and electronic components are tray shielded. Experi-

mental measurements to be performed Laid recorded on magnetic ...pc will

include hit error loss BER) burst errors and fiber attenuation losses ti the
data links. in addition to fiber temperature and tray volume temperature.
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'herrn° luminescent devices will be used within the tray volume in order to
measure incident radiation. An experiment power and data system (F.PDS1
will he used to satisfy the data recording requirements.

Aqi ye lixperiments

Active data link. Four active links will be exposed to space. One of
these links w ill consist of 45 m of cabled glass fiber incorporating a her-
metically sealed emitter and detector operating at a wavelength of 1.3 p.m.
The remaining active links will consist of three cabled plastic-coated silica
fiber links using I and PIN photodides operating at a wavelength of KW
mu. Two of these links will he 2(1m long and the remaining link will he 414m
long. Optical %aveguidcs. connectors, and other experimental equipment
will consist of components selected according to recent results of Air Force
studies.

(hw -m temperature data link. A 1-in optical data link will he used for
recording the relative temperature of the tray inner volume.

Passive Experiments

len-in /boa Three 10-in data links will he located within the tray
volume. The links have been preirradiated and will he evaluated upon UM+
retrieval for increased radiation damage. These links will serve primarily as
comparison links and will he evaluated upon UHT retrieval tr comparison
to the active-link experiments.

COinpt 4'/1114HW/it. This experiment will contain preirradiated
and nonirradiatedi_ElYs and photdiodes rigidly mounted withina section of
the tray volume. As in the case of the active and passive links previously
discussed. each component will he characteri/ed prior to launch and will he
tested runctinall upon mission completion in order to assess am degrada-
tion effects iroin the launch 01 4 whii conditions_
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Space Environment Effects
(M0006)

Joseph A. Angelo, Jr.. and Richard G. Madonna
Air Force Technical Applications ('enter

Patrick Air Force Basc. Florida

Lynn P. Altadonna
Perkin-Elmer

Danbury. Connecticut

Nlichael D. D'Agostino and Joseph Y. Chang
Grumman Aerospace Corp.

Bethpage. New York

Robert K. Aldan and Van L. Caplan
The City College

New York. New York

Objectives

The primary purpose of this experiment is to exammne tht! (*Mit% of

long-term exposure to the near-Earth space environment on ad. alkyd electio.

optical and radiation sensor components. A secondary objective mvoRe'

exobiology experiment to observe the effect of long-duration spaceflight on

the gemination rate of selected terrestrial plant seeds.

Approach

'Ibe approach of the main experiment is to measure the optical and

electrical properties of the electro-optical and radiation sensor components

before and after exposure to the space environment. The selected components

being tested are hard mounted in an experiment exposure control canister

(F.FCC, w bleb occupies one-third of a h-in.-deep tray. which is then sealed

See fig. 74.) The sealed EF.C.V prevents contamination of the test com-

ponents during ground transportation to and from the launch site. payload

processing at the launch complex. and launch and landing. The EtiCC is

programmed to open 2 weeks after deployment and close I week prior to

anticipated retrieval. The EECC wilt not be reopened until the experiment he's

been returned after the flight to the investigator's laboratory.

The electro-optical and radiation sensor components include a variety of

semiconductor materials CdSe. p-GaAs. n-GaAs. and GaAs,. mirriirs

firm:hiding fused silica and beryllium. a Nd' :glass laser rod, a fiber optics

cable. and a variety of polymeric materials.
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The secondary exobiology experiment involves a variety of terrestrial
plant seeds enclosed in a benign environment (dry air) aluminum alloy tube.
Postflight germination rates of these seeds will be conwared to the gemina-
tion rates of control seed samples kept on Earth. Lithium fluoride (LiF)
radiation dosimeters are also included in the seed capsule to provide an
approximate measure of total space radiation exposure within the capsule.
The experiment is housed in an aluminum alloy tube and involves seeds of
hybrid 3358 corn, sugar pump kin. giant gray - striped sunflower. garden bean
(Tennessee green pod and bush Romano #14). Henderson's bush lima bean.
and Alaska pea.
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Symbols and Ablnieviations

AFWAL Air Force Wright Aeronautical 'Laboratory
AFWL Air Force Weapons Laboratory
AR antireflectance
AU astronomical units
BER bit error loss
CERT Centre d'Etudes et de Recherches de Toulouse
CFRP carbon-fiber-reinforced plastic
CHPC dicyclohexyl peroxydicarbonate
CNES Centre National d'Etudes Spatiales
CNRS Centre National de Is Recherche Scientifique
CST Centre Spatial de Toulouse
CVCHP cascade variable-conductance heat pipe
DERTS Direction d'Etudes et de Recherches et

Techniqw% Sp:aisles
DFVLR Deutsche Forschungs und Versuchsanstah Ilk

Luft und Raumfahrt
DOD Department of Defense
DOP di-octyl plthalate
EAROM erasable read-only memory
EECC experiment exposure control canister
EMI elecftomagnetic interference
EMP electromagnetic pulse
EPDS experiment power and data system
ESCA electron spectroscopy for chemical analyses
ESTEC European Space Research and Technology Center
EUV extreme ultraviolet
FRECOPA French cooperative payload
HEPP heat pipe experiment package
IITRI Illinois Institute of Technology Research Institute
IR infrared
JSC Johnson Space Comer
KSC Kennedy Space Center
LDEF Long Duration Exposure Facility
LED light-emitting diode
LPSP Laboratoire de Physique Stellaire et Planetaire
MBB MesserschmittMkowBlohan GmbH
MOS metal oxide silicon
OCLI Optical Coating Labonuory, Inc.
ONERA Office National d'Etudes et de Recherches

Afrospatiales .
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OSR optical surface reflection
PCM phase doge material
PIN refers to structure of device

QCM quartz crystal ntiaubalance
RMS remote manipulator system
SAA South Atlantic anomaly
SEM scanning electron microscopy
SGEMP system-generated electromagnetic pulse
SH superheavy
SIMS secondary ion mass spectroscopy
STS Space Transportation System
TLD thermoluminescent dosimeter
TEM transmission electron microscopy
THERM thermal measurement system
1TFTCNQ tetrathiofulvalene tetracyanoquilodiaedume
u ratio of total kinetic energy of particle. MeV, to

atomic mass of particle
UV ultraviolet
VCHP variable-conductance heat pipe
Z nuclear charge

ratio of particle velocity to speed of light
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