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Abstract

The NASCAP computer code is used to compute the
charying the discharging characteristics of a typical
conmunications satellite in geosynthronous orbit,
For the case of a severe substorm, satellite surface
differential charging in sunlight is found to be sub-
stantfally less then that required to produce dis~
charges in ground simulation studies. A discharge
process is postulated involving discharges triggered
at edges (or imperfection) followed by discharges to
space. The characteristics of such discharges are
parametrically varied to evaluate the possible ef-
fects on the satellite. It has been found that dis-
charge characteristics inferred from satellite moni-
tors could be caused by predicted space discharges,
that single ¢el) discharges to space can reduce sur-
face potential over entire satellite, and that low-
density electron trajectory computations indicate
that discharge geperated electrons may not return to
the satellite by long trajectories. Current trap-
sients predicted do not agree with the available
ground simulation results inujcating that additional
work must be done both analytically and experi-
mentally to understand and tully explain these dis-
crepancies,

Introduction

For the past five years there has been a con-
certed effort to understand the phenomenon known as
spacecraft charging.1=3 This phenomenon arises
when a geosynchronous satellite encounters a yeo-
magnetic substorm, and dielectric surfaces become
charged to negative potentials relative to
space.4-5 Since photoemission can play a dominant
roje in controlling the potentials achieved by space-
craft surfaces, the possibility exists that there
could be signitficant differential charging between
shaded insulators and spacecraft ground, That space~
craft charge in this space environment has been shown
from ATS-5 and 6 datab=/ and from Scatha data.B
That aischarges cap occur is demonstrated by on-board
monitors.9-11 The questions to be resolved are how
the discharges initiate, how they propagate and what
the discharge characteristics are.

There have been a significant number of ground
based tests conducted on the charging behavior of
dielectrics exposed to monoenergetic electron
beams.12-16 Dyscharge behavior, as well, has been
studied.15-18 Tests indicate that discharges
jnitiate at insulator edges or seams and propagate
across the surface. Shielding around the edges of
the insulator has beep found to be effective in
reducing the probability of discharges on smaller
samples.

Simultaneously with the ground testing, there
has been substantial progress in defining the char-
acteristics of geomagnetic substorm environments20
and in developing analytical modelling tools.2l
The modelling tools have shown that three-dimensional
effects influence the predicted behavior so that com-
plete, three-dimensional, transient modelling is re-
quired.

A previous study examined the general charging
and discharging behavior of geosynchronous satel-
lites.22 The present study extends the earlier
work, concentrating on an improved simulation of dis-

charges and parametrically evaluating spacecraft re-
sponse when specificd fractions of the surface charge
are lost to space,

NASCAP Model of Satellite

NASCAP Description

The NASA Charging Analyzer Program (NASCAP) has
been described previously in the litera-
ture.21,23-24  The present version of NASCAP con-
tains the capability of simulating two forms of dis-
charges, The first simulation consists of a charging
interruption when the aifrerential voltage between
the insulator surface and the conductor undeyneath
exceeds a specified voltaye value. When this Jimit
is exceeded charge is transferred from the insulator
to the conductor underneath (depth of discharge
specified by user) and the charging simulation cop-
tinues. This simulation characterizes a breakdown in
the material capacitor and is representative of a
short circuit or punch through type of discharge.

The second simujation consists of a charging inter-
ruption when the insulator surface voltage relative
to space exceeds a specified value, When this limit
is exceeded, a specified amount of charge is lost to
space {representing charge "blowoff"}, It is
beljeved that this Joss of charge to space produces
the current transients within the satellite. The two
types of discharge simulation can be initiated sim-
ultaneously, sequentially or independentiy.

The geosynchronous environment can be defined in
terms of single or double Maxwellian distribu-
tions25 by specifying pairticle temperatures (in
electron volts) and number densities, The code out-
puts a variety of displays showing the model used,
the voltage distributions at specified times, cur-
rents to each conductor, surface voltages and parti-
cle trajectories (if desired).

Satellite Description

The satellite model chosen for this study is
shown in fig. 1. It is representative of a 3-axis
stabilized, geosynchronous, comnunications satel-
lite. It has two large solar array wings and a cen-
tral spacecraft body. The overall dimensions are Y
meters across the solar array wings by 2.4 meters
across the spacecraft. Materials used an this niodel
are specified on the figure. The spacecraft body is
divided into 3 conductors, as shown, to allow current
transient computations in those regions. These con-
ductors are capacitively coupled but held at zero
volt difference.

Computational Results

Satellite Charging in a Constant Substorm

The satellite model's charging was simulated
using a single Maxwellian description of a severe
substorm having an electron temperature of 8 KeV, a
proton temperature nf 16 KeV and a plasma density of
one particle per cubic centimeter. The charging re-
sponse of typica) satellite surfaces is shown in
Fig. 2. As shown, it required about 2x103 seconds
to reach steady-state conditions., The material prop-
erties specified are those used to conduct the init-



1a) evaluation of the Scatha Surface Potential Moni-
tor data,26

A point to be made here s that the maximum dif-
ferential voltage predicted between the spacecraft
structure and shaded Kapton {5 only about 3 kV,
There are no surfaces with larger differential volt-
ages. The differential voltages on the spacecraft
are limited by voltage barriers formed by the shaded
insulator potentials which restrict photoe-
mission. Ground tests of discharge behavior
indicate that differential voltages of at least 10 kV
are required to produce breakdowns,16 so that a
3 kV differentials, no discharges are expected. Com~
parisons of the NASCAP code predictions to Scatha
data indicate that the code is a reasonablg valid
representation of the charging process, 20&¢8
Hence, a discharge process has to be postulated in
order to generate the breakdowns that are known to
occur on satellites from on-board menitors,Y-11

Discharge Process

The discharge process postulated for this study
is 1)lustrated in Fig. 3. First, it 1s assumed that
3 short circuit or punch-through discharge initiates
the process and this is then followed by a discharge
to space. For this study the triggering discharge is
assumed to start when the differential voltage across
a selected surface exceeds 2700 volts {or when the
gradient is 2.7x105 volts/cm), As stated previous-
1y, the satellite bouy s diviaed into three separate
conductors (see Fig. 3). Kapton used on the shaded
parts of the satellite are Separately identified tu
allow discharges to be triggered at several different
points on the satellite.

Discharg¢: Characterization

with this discharge process, the NASCAP code was
used to study parametrically the behavior of the
satellite wien discharges of various depths were
triggered at the Kapton sites. While all of the
seven possible Kapton discharge sites were examined
in this study, the results can be typified by con-
sidering the behavior for only Kapton 1 and 2 break-
downs (see Fig. 3).

Effect of depth of discharge. The effect of
depth of discharge to space on the overall response
of the satellite is shown in Fig. 4. Here, the
satellite was exposed to the constant substorm for
1000 seconds. Then a breakdown was triggerea and
charging was allowed to tontinue for the next 800
seconds. Whenever the Kapton 1 potential became more
negative than -5000 volts, aischarges to space were
triggered.

When only 10 percent of the charge was jost to
space, discharges occurred continually, causing the
insulator and spacecraft ground potential to appear
to stabilize, This behavior pattern could be similar
to that monitored for satellite surface dis-
charges.9 When 30 and 50 percent of the insulator
charge is lost to space, a discharge pattern with
pulses 2 to 3 minutes apart appears. This type of
pattern is similar to_the transient event counter
data observed on C75.1¢

When a discharge to space occurs, the whole
potential distribution around the sateliite is re-
duced. The NASCAP code computes the charge lost in a
space discharge and recomputes all the surface poten-
tials based on the remaining charge. Only one NASCAP
cell need be involved in the discharge process de-
pending on the charge loss and breakdown voitage
criteria. The result is a voltage reduction at the
discharge site and a sma®ler voltage reduction on all
other surfaces.

The satellite behavior over extended time
periods has been investigated with 10 and 30.percent

depth of punch through discharge triggers, as well as
with simullaneous punch-through and space dischdrges
¢f the same depth., There are no significant differ-
ences in the characteristics under these conaitions
from the ones discussed above,

Emitted electron trajectories., The understand-
ing of the behavior of charged particles emitted from
discharge sites is necessary for the development of a
satellite discharge coupling model, Since the NASCAP
code computes the electric fields around the satel-
lite due to environmental charging, it can also com-
pute the trajectories of Jow density (<1 mA) parti-
cles in these fields, Such a computation was under
taken here to determine the influence of electro-
static fields on emitted electrons.

The satellite potentials and electron trajec-
tories before and after space discharges (500 nsec
time separation) for severa) conditions were com-
puted, E€lectrons (1 mA) were emitted from the disw
charyge site 1p all directions. The electron energy
range was O to 5 KeV. Electrons having energies of
less than 2 KeV did not escape; they were suppressed
by the voltage barriers. Of those electrons with
energies greater than 2 KeV, up to 40 percent of the
current would escape to space.

While it capnot be claimed that this low-density
emitter computation is ap actual simulation of dis-
charge generated particles, it does indicate that the
electric fields around the satellite do not cause
electron trajectories that sweep along long paths to
return to the satellite. These computations indicate
that the emitted electrons will either be retained
Jocally by voltage barriers or be lost to space.

Current transients. The current transients com-
puted for conductor number 4 due to space discharges
in Kapton 1 are shown in Fig. 5. In fig., 5(a) dis=
charges were triggered by a 10 percent charge trans-
fer punch-through discharge followed by a 10, 30, or
50 percent charge transfer to space. For these com-
putations 500 nanosecond time steps were used. The
actual charge lost can be computed by multiplying the
current by the time. This charge loss is constant
and can be scaled to whatever time interval desired.

In Fig. 5(b) the influence of starting a dis-
charge with a 30 percent charge transfer punch-
through discharge is illustrated. The current Josses
to space here are diminished because there is less
charge stored on the insulator surface after the
punch through. In Fig, 5(c) the effect of a dis-
charge in Kapton 1 triggering a space discharge in
Kapton 2 is illustrated, This has the effect of
lengthening the discharge pulse in a decaying fashion
since less charge remains on the insulator surface
after each successive space discharge.

These current computations indicate that the
predicted transients are relatively small compared to
the 50 to 150 A, 500 to 4000 nsec pulses observed in
ground tests.16~18 This discrepancy is probably
due to the lack of very large differential voltages
on the space model predictions. Hence, if the space
moda] predictions are reasonable, then perhaps the
ground simulation testing is studying phenoiena not
found in space. There are some ground test results
obtained with the substrate ground isolated that do
indicate rather low current pulses similar to those
predicted for this satellite.29 More work on dis-
charge phenomena must be accomplished before a com-
plete understanding is possible.

Conc luding Remarks

The NASA Charging Analyzer Program (NASCAP) has
been used to study charging and discharging response
of a geosynchronous communication satellite in a
severe geomagnetic substorm. It has been found that
the maximum differential voltage predicted between
shaded insulators and spacecraft ground js less than



that voltage found necessary for breakdown in ground
tests, A discharge process s postulated that
assumes discharges are jnitiated by a short-circuit
or punch-through discharge that transfers charge from
the surface to the conductor beneath (neutralizing
polorization tharges), foilowed by a charge loss to
space (space discharge). This loss of charge to
space in a specified discharge time results in a cur-
rent surge through the structure, Spacecraft re-
spgqse to such discharges is then studied parametri-
cally.

Smal) charge losses to space per discharge
(~10 percent) are predicted to produce almost con-
tinual discharges which tend to hold the spacecraft
ground at a constant potential. Thirty to fifty per-
cent charge 1oss to space produces larger but less
frequent potentia) excurisons. The repetitive pulses
have been observed tin satellite surfaces while the
Jess frequent pulses have been seen on satellite
harness noise counters. Hence, on-board monitors
seem to indicate that both small and large charge
loss discharge can occur. When a space discharge
occurs, the code predicts that the potential around
the whole satellite is reduced.

Electron trajectories have been computed using
the low-density particle emitter routines available
in NASCAP. 1t has been found that electrons are
either suppressed at the discharge site or escape to
space, The electric fields around the satellite do
not cause large, sweeping trajectories returning the
electrons to various parts of the satellite.

The return current pulse from the space dis-
charge has also been studied parametrically. It has
been found that the currents predicted tend to be
small. These predictions do not agree with the low
{mpedance or groupded 'substrate ground test return
current data. Although there are indications of
agreement with tests conducted with high substrate
impedance to ground.

This study indicates that there is stil) addi-
tional work to be done before an understanding of
satellite discharge phenomena can be attained.

First, the completion of tie NASCAP code validation
against space datz must be accomplished. Additional
ground teiting must be conducted to investigate char-
acteristics of discharges generated at Tower differ-
enptial voltages., With both these results then it is
hoped that a valid spacecraft discharge model can be
made available.
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