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SUMMARY

The satellite surface potential monitor (SSPM) experiment aboard the
SCATHA (Air Force P78-2) spacecraft was designed to investigate the charging
response of insulators exposed to the geosynchronous plasma environment,
Prior to SCATHA's launch the SSPM flight hardware was calibrated and its
charging response examined in electron spraying tests at the NASA Lewis
Research Center. This paper reports models for the SSPM units constructed
in the NASCAP code and the results of comparing predictions to surface
voltage and baseplate current data. Sets of NASCAP material properties that
yielded satisfactory agreement are presented. Several peculiarities in the
test data are noted. Preliminary results from space simulations of a SCATHA
model with environments representative of the day 87, 1979, eclipse
injection event are also presented, and their implications for predicting
space response are discussed.

INTRODUCTION

The satellite surface potential monitor (SSPM) is one of several
engineering experiments flown on the Air Force P78-2 satellite, which is
also known as SCATHA (Spacecraft Charging at High Altitudes). The
satellite's mission is to examine the geosynchronous environment and the
charging response of a spacecraft in that environment (refs. 1 to 3). The
SSPM's purpose is to determine the charging responses of selected spacecraft
surface materials exposed to the environment. It was designed and built by
the Aerospace Corporation in cooperation with the Air Force Materials
Laboratory and provides surface voltage and substrate current measurements
for each material sample.

Prior to launch the flight hardware was tested in a vacuum facility at
NASA's Lewis Research Center to calibrate the flight voltage measurement
instrumentation and to provide data for comparison with flight results.
Such comparisons must be made with the aid of models because of the
differences in environment between the ground and space conditions.

Before attempting to predict flight results, it is necessary to develop and
exercise the models to predict the response of the samples under ground test
conditions. From the viewpoint of physical surroundings and environment,
laboratory conditions are better known and simpler than on-orbit

conditions. Successful modeling of sample responses under laboratory test
conditions thus seems a prerequisite to meaningful modeling of flight
response.

This paper presents results of a study in which computer models of the
three SSPM units (SC1-1, SC1-2, and SC1-3) were constructed and their
charging responses investigated by using the NASCAP code (ref. 4). Model
results were compared with ground test data, and selected material property
parameters were varied to optimize fit. Sets of material properties were
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thus provided that could be used in conjunction with a model of the SCATHA
spacecraft to investigate flight responses of the SSPM materials.

An earlier study (ref. 5) used this approach to investigate responses
of the SC1-2 Kapton sample. The present effort was focused on the three
Kapton samples (one on each unit), the Teflon sample on SC1-3, and the
optical solar reflectors (OSR's) on SCl-1. Emphasis was on the ground test
comparison. Some rather surprising results from preliminary runs using a
SCATHA model and the eclipse environment from day 87 of 1979 are also
presented, and their implications are discussed.

SSPM DESCRIPTION

The SSPM comprises three separate units, each with the exterior
dimensions of 33 by 33 by 5 centimeters, identified in the P78-2 experiments
list as SC1-1, SC1-2, and SC1-3. The SC1-1 and SC1-3 units contain four
test samples apiece, each with an exposed area of 12.4 square centimeters.
The SC1-2 unit has a single sample with an exposed area of 28.9 square
centimeters. Each test sample is surrounded by a gold frame that is
electrically connected to spacecraft ground. Sample surface materials are
summarized in table I, and their configurations are illustrated in
figure 1. The open circles in the figure indicate the positions at which
surface potential measurements are made by a back-side technique. The SC1-2
unit also has a spot at which a "front side" potential measurement is made
(solid circle in fig. 1). Here a hole is punched through the Kapton so that
surface electric fields can be sensed.

The back-side potential measurement technique, which is the standard
for the experiment, is illustrated in figure 2. Insulator samples are
mounted, metallized side down, on a copper-clad printed circuit board by
using silver-loaded epoxy. At the potential measurement spot there is a
hole punched through the printed circuit board where the sample
metallization is removed from a 0.64-centimeter-diameter spot. Fields in
the cavity formed by this hole are sensed by a Monroe voltmeter. The copper
cladding is grounded to the spacecraft structure through an electrometer,
which provides the sample current measurement. Each sample has a narrow
strip of metallization removed from around its border so that the current
reading indicates the bulk leakage current in equilibrium and the sum of
bulk leakage and net charging currents during charging but does not include
surface currents. Further description of the SSPM can be found in
references 1, 5, and 6.

EXPERIMENTAL INVESTIGATION

Preflight testing of the SSPM units at Lewis has been described
previously (ref. 5). Briefly, each SSPM unit was exposed to normally
incident electron beams of energies 2.5, 4, 6, and 8 kilovolts at a nominal
current density of 1 nanoampere (10-9 R) per square centimeter, at several
temperatures, in the dark. During these tests noncontacting surface voltage
probes were swept across the sample test surfaces, passing directly over the
flight measurement spots. The resulting data were used to calibrate the
back-side flight potential measurements.

Because the metallization was removed from the insulator samples at the
flight measurement spots, the effective capacitance per unit area of
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insulation was smaller at that spot than for the rest of the corresponding
sample. In consequence, the surface over the flight measurement spot
responded more quickly to the electron beam than did the bulk of the

sample. This effect is important to note because the flight surface voltage
data represent the response of the measurement spot only, not that of the
bulk of the sample. It is the current data that must be used to infer the
response of the bulk of the sample.

This difference in charging rates between the flight measurement spot
and the rest of a sample is illustrated in figure 3, where data from one
test of each of the three Kapton samplies are plotted. In this figure the
solid symbols represent the measured potential near the measurement spot,
and the open symbols represent the spot potential. Clearly, in each case
the measurement spot charges much more rapidly than the surrounding
insulation, an effect that must be accounted for in the modeling.

Another fact apparent from figure 3 is that, although the base material
of the three Kapton samples shows essentially a single charging rate, the
measurement spot of the SC1-3 Kapton sample charges significantly more
slowly than the spots of the SCl-1 and SC1-2 Kapton samples. That is, the
effective spot-to-base capacitances are different. This is not too
surprising, given the tolerances in the mounting specifications, but it
should be accounted for in modeling and in interpreting flight data.

MODELING: GROUND TESTS
Computer Model Description

A computer model for each of the SSPM units was constructed by using
the NASCAP code. The appearance of these models, or "objects" as they are
called in NASCAP, is illustrated in figure 4, which shows the SCl-3 model.
The cell size is 2.54 centimeters (1 in.) on a side. Each unit is modelea
by a 14- by 14- by l-cell object, five of whose surfaces are gold. The
remaining surface has patches of surface materials to represent the sample
surfaces. Each of the sample surfaces is associated with its own underlying
conductor to allow current predictions to be made. Each of the four surface
sample areas on the SCl1-1 and SCl1-3 objects measures 5 cells by 5 cells,
representing an area of approximately 161 square centimeters (as compared
with ~154 cm? for the actual area). The Kapton surface area on the SC1-2
object is 12 cells by 12 cells or approximately 929 square centimeters
(actual Kapton area, ~836 cmz). The small 1-cell squares at the centers
of the individual test surface patches in figure 4 represent the measurement
spots.

In the modeling the measurement spots are treated as patches of
material having the same properties as their respective base materials
except that they are thicker; thus the material designations “THKKAP," etc.,
are used. This choice for modeling the measurement spots is somewhat
arbitrary. The important difference between the charging response of the
spot and base materials observed in the test data was in the rate at which
these areas charged, or, equivalently, in their effective capacitances per
unit area. In the modeling the capacitance of a surface area of insulation
depends on the dielectric constant and thickness of the material. Either or
both of these parameters could be varied to obtain the observed spot-to-base
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charging rates. Thickness was chosen. The spot-to-base thickness ratio
simply represents the effective base-to-spot capacitance ratio per unit area.

Approach

Values of bulk conductivity for the various materials were obtained by
averaging the experimentally observed ratios of equilibrium surface
potential to leakage current. Bulk sample thicknesses were taken as the
nominal values; effective "thick spot" thicknesses were estimated on the
basis of experimentally observed initial rise times. Initial values of all
other material parameters were taken to be the standard NASCAP values
appropriate to the various materials.

NASCAP simulations of charging in a 6-keV, 1-nA/cm? beam were made
for each of the three objects, and predictions of surface potentials for
both spots and base materials were compared with the data. Some of the
material properties were then varied to obtain improved fits to the data.
The two material properties whose values determined the relative charging
rates of the spot and the bulk material were thickness ratio and surface
resistivity. Alterations of other parameters were made only when clearly
required, and then care was taken to remain within the region of "reasonable
values" for these parameters.

Sample current-to-ground predictions were made as follows: The
measurement spot cell thickness was set equal to that of the bulk sample,
and the surface resistivities were made very large. The reasons for these
particular choices were that the measurement spot cell is much larger
relative to the sample size than the actual measurement spot (2.54-cm square
as compared with a 0.64-cm-diam circle) and that the guard ring geometry of
the SSPM eliminates measurement of surface currents but NASCAP includes
surface currents as contributing to currents in the underlying conductors.
With these two changes, charging simulations were repeated, and the
calculated currents were scaled to account for the differences in surface
area between the actual and modeled insulations (a factor of 0.90 for SCl-1
and SC1-3 insulators and a factor of 0.95 for SC1-2.)

Results

Representative comparisons of NASCAP predictions to data for 6-keV
conditions are shown in figures 5 (potentials) and 6 (currents). The values
of the material property parameters used to obtain these results are listed
in table II. In figure 5, the open and solid symbols represent experimental
data for the potentials at the measurement spots and the adjacent base
materials, respectively. The solid lines represent predicted potentials of
the measurement spot cell surface, and the dashed lines represent the
potentials on two adjacent cells.

The material properties whose values are listed in table II are those
required as inputs to NASCAP (for more detailed descriptions see, e.g.,
refs. 7 to 9) - with the exception of the spot-to-base thickness ratio,
which is specifically for this study. Except as noted in the table, these
values are the standard NASCAP material property parameters. Two sets of
properties are given for Kapton, one set for SCl1-1 and SC1-2, and one for
SC1-3. These differ only in the values of surface resistivity and
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spot-tobase thickness ratio, two parameters that determine the relative
charging behavior of the measurement spot and the base material.

As indicated in the table, a thickness of 0.0076 centimeter (3 mils)
was used to obtain the illustrated fits to the Teflon data, rather than the
nominal value for this sample of 0.0127 centimeter (5 mils). Predictions
using 0.0127 centimeter indicated faster charging than was observed.
Comparison of the SC1-3 Teflon data with data taken on other samples of
0.0127-centimeter (5-mil) thick Teflon (e.g., refs. 8, 10, and 11) indicated
that the SC1-3 Teflon sample charged more slowly than would have been
expected from testing of other samples. Although the reason for this slow
charging is not clear, some justification for using the smaller value of
thickness is provided. The alternative, which woula have been to increase
the dielectric constant from 2.0 to about 3.0 or 3.5, seemed much less
reasonable, since the dielectric constant of Teflon is reasonably well known.

Table II lists the parameters used to determine secondary electron
yield from proton impact, photoelectron current density, and their standard
NASCAP values. These values are included for the sake of completeness but
have not been verified here because they are not used in the calculations
presented.

Figure 6 shows representative comparisons of predicted and observed
currents. Open symbols represent data, and horizontal bars indicate the
NASCAP time step (60 sec). The currents calculated by NASCAP are
essentially averaged over a time step so that no more specific times than
the whole time step can be assigned. The predictions generally fit the data
quite well, except for the case of SCl-2, for which the data are better fit
by one-half of the predicted currents (dashed horizontal bars in fig.
6(c)). This type of fit was obtained for both 6- and 4-keV beam
conditions. A review of the data indicated that the measured initial
currents for SC1-2 were consistently about twice as large as those for the
SC1-1 and SC1-3 Kapton samples. This difference is puzzling since the SC1-2
Kapton sample area is about four times that of the SCl-1 ana SC1-3 samples,
so that one would expect roughly four times as large a current reading. It
is, however, consistent with the fact that half the predicted current fits
the data.

The material property parameters listed in table II and a 4-keV beam
were used to make another set of NASCAP runs, and the results were compared
with laboratory data taken with 4-keV beams. Typical results are
illustrated in figure 7(a), where the predictions and data for the SC1-2
Kapton potentials are shown for both the 4- and 6-keV beam cases. The
agreement shown in figure 7(a) is typical of that obtained with all the
samples studied except the SC1-3 Kapton sample, for which the results are
shown in figure 7(b). The 4-keV beam data for the SC1-3 Kapton sample
indicate that the base material was charging more slowly and to a lower
equilibrium potential than the base material of the SC1-1 and SC1-2 Kapton
samples. By contrast, the base material appeared to charge similarly for
the three Kapton samples in 6-keV beams. The reason for this behavior is
not known. However, the results indicate that caution is needed in
comparing SC1-3 Kapton data to Kapton data from the other two units.
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MODELING: SPACE CASE

With sets of material property parameters for the SSPM surface
materials in hand, one would like to attempt to model the on-orbit response
of these materials. To do so requires a model of the SCATHA spacecraft with
suitable SSPM models incorporated, a description of the space environment,
and data on the potentials of the spacecraft structure and test surfaces in
the specified environment.

Scatha Model

The SCATHA model used in this study is basically the one developed by
Systems, Science and Software and described in reference 12. That model has
been modified to incorporate new models of the SSPM units for use in this
study (fig. 8). In place of the original SC1-1 and SC1-3 units with one
cell each of four different materials, "surface potential test regions" were
defined. Each of these has one cell to represent the measurement spot and
three to represent the base material. At the original location of SC1-2 and
on the top of the spacecraft across from SC1-3, two "current test regions"
have been defined, each with its own underlying conductor. The material
properties of these patches may be changed easily in a NASCAP runstream so
that it is possible to run two different material types in a given
simulation run (one potential and current test spot for each material).

Simulation Results

It was decided to use environment and spacecraft potential data from
day 87 of 1979, a day on which SCATHA was charged by a substorm that began
during eclipse passage. Since it is not necessary to include the effects of
photoemission during eclipse, eclipse conditions present a simpler case than
daylight. Even in eclipse, however, one must be aware of the fact that
Kapton, in particular, has a resistivity that is very sensitive to exposure
to sunlight. The time constant for return to dark conductivity is long, so
that even in eclipse the conductivity of Kapton will probably be enhanced
for those samples that have been exposed to sunlight.

Two versions of the environment and spacecraft potential history on day
87 of 1979, based on data from the SC9 detector (ref. 3), were obtained from
Systems, Science and Software (private communications, with G. Schnuelle).
The environments, as received, were in the form of double-Maxwellian fits to
the actual spectra. These were converted to single-Maxwellian
representations having the same first four moments of the distribution
functions.

The initial version of the environment was rather coarse, with
approximately the first 120 seconds following the onset of the substorm
being represented by only three separate environments with electron
temperatures of 7.07, 6.38, and 6.64 keV, in that order. Three simulation
runs were made in this environment. First, one SSPM surface potential test
patch and one current test patch were given the properties for SC1-3 Kapton
(table II), and the other pair of test patches were given SCl-1 and SC1-2
Kapton properties. Second, one pair of test patches was defined to have
Teflon's properties and the other Si0,'s properties. Finally a run was
made in which no thick measurement spots were incorporated, the two surface
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potential patches were given the properties of all-thin Teflon and Si0p,

and the two current patches were given the properties of Kapton. The reason
for the third run was that the results of the first two runs displayed an
unexpected and undesirable effect: The choice of material properties for the
SSPM test cells had a large effect on the predicted potential of the entire
spacecraft structure. Predicted spacecraft structure potentials as a
function of time for these three runs, shown in figure 9, illustrate this
effect. Clearly, predicted differential potentials (the SSPM measurements
are all relative to spacecraft structure) cannot have much meaning when the
predicted structure potential is this sensitive to the SSPM test patch
material.

There are three possible reasons for the .difficulty. Perhaps the
“thick measurement spot" modeling technique simply will not work in space
eclipse conditions and a new model must be devised. Perhaps a careful
choice of "thick spot" materials to use in a given run will at least reduce
the difficulty (e.g., one Kapton and one Teflon spot). Or, perhaps the
particular environment used represents a near threshold condition (ref. 13),
in which case small changes in material properties could cause large changes
in predicted potentials.

Because a more detailed environment for this time period had become
available, it was decided to pursue the last two possibilities and to
develop a "baseline" time history of structure potential by using a model
with no thick spots. Following this procedure allows determination of how
well NASCAP will predict structure potential (because data on structure
potential are available) and of how much influence the addition of thick
patches has on predicted structure potential in this more detailed
environment.

The electron temperatures used in this simulation, along with measured
structure potentials (from SC9 data) and NASCAP results from the simulation,
are shown in figure 10. The dashed line indicating NASCAP's predictions
represents 125 time steps ranging in length from a few tenths of a second
(during periods of rapid change) to 20 seconds during periods of little
change in the environment at spacecraft potential. The agreement between
data and predictions is believed to be quite good. Since preliminary
results of including one thick Kapton and one thick Teflon cell in the model
indicate that the predicted structure potential is not greatly affected,
that approach is presently being explored.

SUMMARY OF RESULTS

Generally good agreement was obtained between predicted and measured
potentials of flight measurement spots and base materials and between
predicted and measured currents for ground test conditions for the Kapton,
Teflon, and 5102 test surfaces on the SCATHA SSPM. There were, however,
some peculiarities in the data that were identified during this study and
that merit further examination.

The SC1-3 Kapton sample data indicate that the samplie differs from the
other two Kapton samples. The effective capacitance of the SC1-3
measurement spot relative to that of the base material is significantly
larger than those of the SC1-1 and SC1-2 Kapton samples. Although in 6-keV
beam tests the base material of all three Kapton samples appeared to respond
similarly, in 4-keV beam tests the SC1-3 base material charged more slowly
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and to lower equilibrium potentials than the other two. The difference in
effective capacitance ratios is not surprising, considering sample
construction tolerances, and can be dealt with in a straightforward manner
in the modeling. The difference in base material response is not

understood, however; and at present has not been accounted for in the models.

The SC1-2 current data are about half of what is predicted; they are
also about half of what would be expected based on the SC1-1 and SC1-3
current data for Kapton and the relative areas of insulation.

Predictions of potentials and currents for the SC1-3 Teflon sample were
quite good when 0.0076 centimeter was used as the material thickness instead
of the nominal 0.0127 centimeter. Comparing SC1-3 Teflon data with data on
other nominally 0.0127-centimeter-thick Teflon samples indicated that the
SC1-3 Teflon sample charged more slowly than previously tested
0.0127-centimeter-thick samples.

Predictions of flight data were found to be complicated by the fact
that using the thick cells to represent the SSPM flight measurement spots
can have a significant effect on predicted spacecraft structure potential in
eclipse. The magnitude of this effect appears to depend on both the
environment model employed and the number and properties of thick spots
included. A "baseline" run for a model of SCATHA with no thick spots
indicated that NASCAP can predict observed spacecraft structure potentials
satisfactorily. The investigation of the influence of environment
specification and inclusion of thick surface materials is continuing.
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TABLE I. - SSPM SAMPLE MATERIALS SUMMARY

SSPM Materials
unit

SCl1-1 Aluminized Kapton (0.0127-cm nominal thickness)
Indium-oxide-coated optical solar reflectors (coating grounded)
Optical solar reflectors

Gold-coated magnesium plate (floating)

SC1-2 Aluminized Kapton (0.0127-cm nominal thickness)

SC1-3 Aluminized Kapton (0.0127-cm nominal thickness)
Silver-Inconel-backed FEP Teflon (0.0127-cm nominal thickness)
Astroquartz

Gold-flashed aluminized Kapton (gold grounded)
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TABLE II. - MATERIAL PROPERTY PARAMETERS FROM SSPM GROUND STUDY

Property SSPM unit
SCi-1 and SC1-3 SC1-1
SC1-2
Material
Kapton Teflon Si0;p

Dielectric constant 23.0 a3.0 2.0 4.0
Thickness of base material, m | 0.000127 0.000127 bo.0go076 | 0.0002Q3
Conductivity, mho/m c3x10-15 | cax1g-15 | c1.sxlo-15 | 1x10-14
Atomic number 5 5 7 10
Max imum secondary yield for 2.1 2.1 3.0 2.4

normally incident primary

electrons, &y 0.15 0.18 0.30 0.40
Primary energy for maximum

secondary yield, Ep
ri 71.5 71.5 45.4 -1.0
(g 0.60 0.60 .0.40 0
ro 3lz2.1 31z.1 217.6 1.02
ny 1.77 1.77 1.77 20
Secondary yield for l-keV 0.455 G.455 0.455 0.455

incident protons€, 8p
Primary proton energy for 140 140 140 140

max imum power loss€, Ep
Photocurrent®, A/m 2x10-5 2x10-5 2x10-5 2x10-5
Surface resistivity, @ 7.5x1012 | 2.5x1012 1x1013 1x101%
Spot-to-base thickness 12.5 7.5 3.33 11.0

ratiof

aStandard NASCAP value is 3.5.

Dyominal value is 0.000127 cm.

CBased on experimental data from SSPM tests.
Electron range is defined by

R = rlEnl + rzEn2

where E

is the energy of the primary electron.

€Standard NASCAP properties, not tested for in this study.
fNot a NASCAP property; represents thickness ratio of measurement spot

cell to base material and thus indicates base-to-spot effective

capacitance.
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Figure 9, - Effect of SSPM thick cells on predicted ground potential,
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Figure 10, - SCATHA day 87 of 1979 - baseline run.

607



	Navigation
	Spacecraft Charging Technology 1980
	Preface
	Table of Contents
	Keynote Address--Dell P Williams III 
	SESSION 1 - Material Responses
	Dielectric Discharge Characteristics in a Two-Electron Simulation Environment
	Electron-Beam-Charged Dielectrics- Internal Charge Distribution
	Bulk Charging and Breakdown in Electron-Irradiated Polymers
	Charging and Discharging Teflon
	Experimental Validation of a Numerical Model Predicting the Charging Characteristics of Teflon and Kapton under Electron Beam
	Role of Energetic Particles in Charging-Discharging of Spacecraft Dielectrics
	Electron Penetration of Spacecraft Thermal Insulation
	Electrostatic Discharging Behavior of Kapton Irradiated with Electrons
	Dielectric Surface Discharges- Effects of Combined Low-Energy and High-Energy Incident Electrons
	Preliminary Comparison of Material Charging Properties using Single Energy and Multi-energy Electron Beams
	Brushfire Arc Discharge Model

	SESSION 2 - Material Characterization
	Effects of Secondary Electron Emission on Charging
	Secondary Electron Emission Yields
	Oblique-Incidence Secondary Emission from Charged Dielectrics
	Tank Testing of a 2500-cm2 Solar Panel
	Charging and Discharging Characteristics of a Rigid Solar Array
	Materials Characterization Study of Conductive Flexible Second Surface Mirrors
	Design of an Arc-Free Thermal Blanket
	Charging Control Techniques
	Charging Characteristics of Silica Fabrics
	Electrostatic Charging Characteristics of Thermal Control Paints of Functions Temperature
	Evaluation Charge Control Techniques of Spacecraft Thermal Surfaces (Electrostatic Discharge Study)
	Conduction through Puncutres in Metal-Backed Dielectrics
	Accelerated Alpha-S Deterioration in a Geostationary Orbit

	SESSION 3 - SCATHA Flight Data
	Operational Status of the Space Test Program P78-2 Spacecraft and Payloads
	Electron Angular Distributions During Charging Events
	Operation of SC5 Rapid Scan Particle Spectrometer on SCATHA Satellite
	Review of Hot Plasma Compsoition Near Geosynchronous Altitude
	SCATHA Observations of Space Plasma Composition During a Spacecraft Charging Event
	P78-2 Engineering Overview
	Satellite Surface Potential Survey
	Preliminary Analysis of Data from SRI International Transient Pulse Monitor on Board P78-2 SCATHA Satellite
	Aspect Dependence and Frequency Spectrum of Electrical Discharges on the P78-2 (SCATHA) Satellite
	Flight Evidence of Spacecraft Surface Contamination Rate Enhancement by Spacecraft Charging Obtained with a Quartz Crystal Microbalance
	P78-2 Satellite and Payload Responses to Electron Beam Operations on March 30 1979

	SESSION 4 - Analytical Modeling
	Representation and Material Charging Response of GEO Plasma Environments
	Simulation of Charging Response of SCATHA (P78-2) Satellite
	SCATHA SSPM Charging Response- NASCAP Predictions Compared with Data
	Three-Dimensional Analysis of Charging Events on Days 87 and 114- 1979  from SCATHA
	Computer Simulation of Spacecraft Charging on SCATHA
	Analysis of Ambient and Beam Particle Characteristics 3-30-79
	Comparison of NASCAP Modeling Results with Lumped-Circuit Analysis
	NASCAP Charging Caalculations for a Synchronous Orbit Satellite
	Results from a Two-Dimensional Spacecraft-Charging Simulation and Comparason with a Surface Photocurrent Model
	Analytical Modeling of Satellites in Geosynchronous Environment
	Calculation of Surface Current Response to Surface Flashover of a Large Sample under Grounded and Floating Conditions
	Model of Coupling of Discharges into Spacecraft Structures
	Disappearance and Reappearance of Particles of Energies - as seen by P78-2 (SCATHA) 

	SESSION 5 - Systems Design and Test
	Military Standards and SCATHA Program and Update of MIL-STD-1541
	Military Standard for Spacecraft Charging Status Report
	Use of Charging Control Guidelines for Geosynchronous Satellite Design Studies
	P78-2 SCATHA Environmental Data Atlas
	METEOSTAT Spacecraft Charging Investigation
	Electron Irradiation Tests on European Meteorological Satellite
	Spacecraft Charging Technology in the Satellite X-Ray Test Facility
	Simulation of Spacecraft Charging Environments by Monoenergetic Beams
	Importance of Differential Charging for Controlling both Natural and Induced Vehicle Potentials
	A Comparison of Three Techniques of Discharging Satellites
	Electromagnetic Fields Produced by Simulated Spacecraft Discharges

	SESSION 6 - Environmental Interactions
	Agreement for NASAIOAST-USAF-AFSC Space Interdependency on Spacecraft Environment Interaction
	Plasma Interactions with Solar Arrays at High Voltages
	Experimental Plasma Leakage Currents to Insulated and Uninsulated 10 m2 High-Voltage Panels
	Numerical Simulation of Pasma-Insulator Interactions in Space Part 1- The Self-Consistent Calculation
	Numerical Simulation of Plasma-Insulator Interactions in Space Part 2- Dielectric Effects
	Three-Dimensional Space Charge Model for Large High-Voltage Satellites
	Charging of a Large Object in Low Polar Earth Orbit
	PANEL DISCUSSION





