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ABSTRACT

The probiem of assessing hazards to geosynchronous
sateliite systems from geomagnetic substorm encoun-
ters has plaguec investigators for several years.
Electronic switching anomalies have been occurring
on satelliites and appear to be related to environ-
mental charging. Yet, if the assumed large differ-
ential voltage type ot discharge were involved,
then there should have been more catastrophic fail-
ures. The available space t1light data, coupled
with analytical mogeling studies, have shown that
only relatively low ditferential charging 15 pos-
sible from environmental encounters., Using an ana-
lytical study of a discherge event on SCATHA, a
dgischarge process is postulated where a small
amount of charge is lost to space. These charac-
teristics could then be used as inputs to a coup-
1ing model to determine the hazard to a space-
craftt, The procegure is applied to a three-ax‘s
stabilized satellite uesign,

INTRODUCT ION

Since 1975, a combined Air Force/National Aeronau-
tics ang Space Administration investigation has
been unaerway to understand and control a phenome-
non known as “spacecraft charging® (Ref. l}. This
charging occurs when geosynchronous satellites en-
counter geomagnetic substorm environments resulting
in the adeposition of charge on satellite exterior
surfaces (Ref. ¢). This phenomenon was observed as
a result of experiments on A15-5 in 1969. Here,
data from the Aurora'’ “articles Experiment showeag
that substorm environments could charge satellite
structures to large negative values (Ret. 3).

These initial results have been confirmed and ex-
panoed upon by data from instruments on ATS-b and
SCATHA (Refs, 4 and ). The ditferentral charging
ot the dielectric surfaces of geosynchronous satel-
lites appears to become large enough to cuuse break-
gowns ana the resulting transients couple into the
electrical system producing switching anomalies.
The existence ot such exterior breakdowns and re-
sulting transients on satellite harnesses has been
shown by monitors on satellites (Refs. 6 and 7).
while satellites have been in geosynchronous orbit
since the mid-sixties, the anomalous occurrences
seem to arise when manufacturers convertea from
latching relay logic to computer level logic

(Ref, 8).

The initial phases of the AF/NASA investigation
centered on the concept that large differential

voltages between sunlit and shadea surfaces would
exist under typica)l substorm conditions (Ref. 9),
At projected differential voltages {>10 kV), labor-
atory tests indicateg that spectacular, visible
breakdowns or discharges were possible (Ref, 10).
Transient current surges of 0.5 ampere per square
centimeter of dielectric area were measured., Ex-
trapolating current surges to spacecraft sizes re-
sulted in huge effects which shoula have desiroyea
satellites (>1000 A pulses). In the 13 years since
this phenomenon has been tracked, only one possible
tailure can be ascribed to spacecratt charging et-
tects (Ref, 11). Most of the anomalies are 3 re-
sult ot spurious command switching and noisy
telemetry.,

Analytical modeling studies (Ret., 12) and space
flight data from SCATHA (Ret. 13) and ATS-6 (Ref,
14) have shown that ltarge differential charging
just does not occur on satellites in geosynchronous
orbits. Theretore, the conaitions necessary to
produce the large area breakdowns observed in the
laboratory do not exist in space congitions, Yet,
transients are observea on satellites. Hence,
there must be some process associatea with geomag-
netic substorm environments that can produce break-
aowns at the observed lower difterential voltages.

This paper explores the possibility of 'ow gifter-
ent.al voltage breakdowns on geosynchronous satel-
lites, First, modeling results on ditterent types
ot satellites are shown to demonstrate the range of
difterential voltages that could be expected.

Then, a transient event that occurred on SCATHA
during eclipse charging is used to oevelop a con-
cept tor a possible discharge mode}. This model is
then proposed and the resultant transient charac-
teristics computations postulatea, Finally, this
discharge model is applied to a three-axis stabi-
lized satellite.

DIFFERENTIAL CHARGING OF SATELLITES

As a means of demonstrating that the possible aif-
ferential voltage on satellites cannot reach the
high values required for large discharges, two dif-
ferent satellite configurations are analyzea with
the NASA Charging Analyzer Program (NASCAP).
NASCEP is a three-dimensional code and is fully
capable of describing transient and steady-state
charging behavior (Refs. 15 to 18).

Both a thr ~e-axis stabilizeo and spin-stabilizea
satellite have been chosen for this acemonstration



since it has been shown that contigurations do in-
f Juence charging behavior (Ret, 1Y), 1he NASCAP
models of these satellites are shown in figure 1.
The three-axis-stabilized satellite chosen is the
NASA Tracking an! Data Relay Satellite System

( TORSS) that will replace existing ground sta-
tions. It is a large satellite, 18.9 by l1.7 me-
ters in overall dimensions. It consists princi-
pally of two large solar arrays, two main antennas,
two smaller antennas and the spacecraft body. The
materials chosen tor this stuuy simulate the ac-
tual coatings. The two main antennas were modeled
as an octagonal rim with a central rectangular teed
in order to evaluate the charging of the optical
solar reflestors (OSR's) covering the electronic
enclosure behind the antenna teea. Since the an-
tenna mesh was transparent, there was a possibility
of part beino sunlit while the rest was shaded,

The backing of the solar arrays was assumed to be
plain Kapton. The spinning satellite chosen is the
P78-¢ Spacecraft Charging at the High Altitudes
(SCATHA) satellite., 1t has cylindrical sides cov-
ered primarily with solar arrays and uses appropri-
ate dielectrics on the “*belly band,* top and bottom
surfaces,

A design evaluation environment {Ret. 20) was used

in this study. The Sun incidence tor the TDRSS

evalution was offset such that the viewer would be

looking at the mode! from the Sun. For the SCATHA

evaluation, the Sun was assumed to be normal to the

§olar array and the satelliite to be spinning at
rpm,

The results predicted for satellite grounds and
shaded Kapton insulation areas are shown in figure
2. The three-axis-stabilized spacecraft ground is
charged more negatively both in sunlight and
eclipse than the spinning satellite ground. This
is due to the large areas of shaded insulation be-
hind the solar arrays, which charge to high nega-
tive values and thus create fielas surrounding the
satellite, reducing photoemission. The spinning
sateliite tends to average this shading effect and
thus maintains a lower ground potential.

The maximum differential voltage between the satel-
lite ground and dark insulators ranges between 1.5
and 3.0 kV for both satellites. At these differen-
tial voltages, laboratory tests conducted with sub-
strates groundea woula indicate no possibility of
discharges: the insulators would simply be mildly
charged (Ref. 21)., Hence, it is necessary to de-
velop a method of predicting when discharges could
occur under realistic space conaitions and geter-
mining what their characteristics would be. The
SCATHA gata can be used to assist 1n this study.

ENYIRONMENTALLY-INDUCED DISCHARGES ON SCATHA

Background

The P78-¢ or SCATHA satellite was launched in 1979
into a slightly elliptic orbit to collect data on
spacecraft charging interactions (Ref. 11). It is
a cylindrical spacecraft with several booms. In-
strumentation on-board was designea to measure the
space environmental parameters ana satellite re-
sponses to this environment. It spins at 1 rpm,
The satellite has been successful in meeting its
objectives (Refs, 22 and 23).

The summaries of the Satellite Surface Potential
Monitor {5SPM) data have shown that there has been
relatively low differential charging on the aielec-

tric samples (Ret, ¢4), Uitterential charying
seems to be limited to values ot about ¢ kY even
though the satellite has been chargeg tu -10 kY in
eclipse. tven with this milg dittercatial voltage,
discharges have been observeg which are attributed
to environmental charging {Ret. ¢5). The amplitude
of these discharge transients tend to be less than
a volt, ingicating a relatively low charge loss.
The locatior of these discharges have not been
identifiea.

tor the eclipse charging event on March 28, 197y,
the NAMCAP computer coue has been useo Lo generate
surface voltage predictions tor comparison to
tlight data. lhe computer moaei, shown 1n tigure
1, was used along with the environmental data pro-
vigea from the particle detectors to predict the
satellite ground potentials (Ret. ¢b6). The compar-
ison is very favorable (see tig, 3). The rms tem-
perature data, available at only discreet intervals
shows an initial environmental pulse to 1l Kev ana
then stabilization between 5 and b KeV. The compu-
ter predictions tor the ground potentials (short
dashed lines) tollows the measured values very
well, A getailed comparison ot the predictions to
the measured values of voltaye ang current ot the
large Kapton sample on the 5SPM is also excellent
(Ret. 27). Hence, NASCAP can predict reasonable
values for absolute anu difterential charging on
SCATHA at least in this substorm.

A review ot the surtace charging voltage predic-
tions trom this NASUCAP computer run, dig not reveal
any large u.rterential charging. One would have
expected that the satellite was chargea as a unit
in the initial phase ot the substorm anua that what-
ever ditferential voltages developed would have
occurred in the milder phases of the substorm,

Yet, a discharge did occur within 100 seconds atter
encountering the substorm (kKet. ¢5%). Furthermore,
there were no more discharges, even though the sub-
storm intensitied, until Y0 seconds atter the sat-
ellite entered sunlight,

Proposed Lischarge Model

In this section a model is proposed Lo expiain the
fact that the March 28, 19/9 discharge event could
have occurred at about 100 seconds atter the 1ni-
tial substorm encounter ana why it was not repeated
in the more intense portions ot the storm. This
mode! assumes that the discharge occurrea at the
boom tips where a metal sphere was attached to a
dielectric-coated boom (see tig. 4), The compari-
son of preaictions to data, mentionea previously
for this event aid indicate that the boom gielec-
trics were at the structure voltage which was wore
positive than the metal sphere. This condgition can
produce discharges (Refs, ¢8 and 2¢y). It is also
assumed that the metal shell is only capacitively
coupled to the boom and not hard-wired to structure
ground. The caqacitance value was arbitrarily cho-
sen to be ¢X10-iV F,

Hence, the moge! considerea is essentially three
capacitances: from the shell to space (L)) from
the shell to spacecratt body (L) and trom the
body to space (C3). When a gischarge is trig-
gerea, a smail &  unt of charge is assumed to be
Tost to space f..m the shell ang the body will re-
spond according Lo the capacitances linking it to
the shell and space (see fig. 5). For this simple
mooei, then, for any assumed char¢e loss from the
shell to space, the change 1n voltage of the shell
could be computed.
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ghern = T,

The response of the body then woula be the ratio of
the cepscitances times the change in shell voltages.

C
]
av - av
body Ceff shell

where Coff 15 the effective capacitance of C2 and

C3 in series. Since Cefs 1s larger then Cj, the
cﬁanqe in body voltage is less than that of the
shell ang hence, the discharge should not be repea-
tea unless the substorm persistea at relatively
high intensity for longer than the original 100
seconds.

It is further assumed that this charge-loss process
is triggered when the metal surface becomes 500 to
1000 volts more negative than the surrounaing ai-
electrics. The process is assumed to be guenched
when the metal surface goes to zero (olts ana
charging 1s again initiatea.

While it is possible to compute the :hange in volt~
ages for given charge loss, it is no: possible to
do a valid simulation of a charging-discharging
cycle without a three-dimensional cude, For this
simulation of the above model, the NASCAP code is
used to predict the surface charging ana recharging
at the time of the actual aischarge occurrence.
Using the available environment data and a SCATHA
model gith a floating boom tip experiment (C1 =
2x10-1 F), the computer simulation was run up to
the approximate time of discharge (¥8.4 sec). The
ditferential voltage between the boom tip (of the
SCATHA model) and the boom dielectric was about
1000 volts with the tip more negative. At this
time 0,37 ucoulombs of charge was instantaneously
lost to space from the tip by specifying this
transfer in the code, The amount chosen was that
necessary to change the tip voltage to zero and
represented 65 percent of the total charge storea
on the tip. The code computed the change in all
surface potentials due to this loss and then al-
lowed the surfaces to be recharged by the environ-
ment., For this example, the code predictea that
the structure woula return to its previous value in
less than 1 second - fast enough to imply that most
of the satellite instrumentation might have missed
the change.

The agischarge transients in the tip ang structure
for this simulatea event are shown in figure 6.
Just prior to the discharge, the boom dielectric
surfaces (dielectric surface voltages are the same
as the structure) are considerably less negative
than the tip. At the approximate time of dis-
charge, the environment appears to have become more
intense causing an increase in the charging rate
and probably triggering the discharge. When these
conditions are simulates by NASCAP, the expected
inversion beiween the tip and structure potential
occurs., The precicted voltage oistributions around
the satellite emphasize the effect of this transi-
tion (see fig, 7). In figure 7(2), the potential
distributions around the satellite just prior to
aischarge are shown., At the time of aischarge
(fig. 7(b)), the voltage levels change, but only at
the floating tip are there significant deviations
in the pattern., After recovery (fig. 7(c)), the
voltage aistribution arouna the tip is still the
only area where significant changes in the pattern
have occurred. It appears, then, that this Simu-

lation producec the desired, highly localized
transient.

The question of why discharges were not repetitive
cen be adoressed by a continuation of the charging
simulation through the peak intensity of the sub-
storm (see fig. 8). 1in figure 8{a), the charging
history for the predi-.ted structure ground and boom
tip 1s shown without the gischarge simulation. As
shown, the presumed conaitions for triggering a
discharge exist at 98 seconas, 110 seconas, and 120
seconds into thes substorm encounter. However, when
the discharge was simulated at 98 seconds (fig.
8(b)), the resultant inversion of tip and structure
persisted throughout the peak and the conaitions
for discharge were not repeated. Had the substorm
intensity continued for « longer period of time,
then the differentials would have been re-estab-
lished and another discharge coula have occurred.

DISCUSSION

The model proposed to explain the discharge occur-
rence on SCATHA can be generalized to other satel-
lites, In essence, it is proposed that a discharge
occurs when charge is lost to space by 2 breakdown
of the capacitance to space. The response of other
parts of the satellite depends upon the capacitive
coupling to the discharge site ana to space.

The discharge process has been assumed to be initi-
ated when a metal surface is at least 500 volts
more negative than the surrounding dielectric sur-
faces in agreement with laboratury data (Refs. 28
and 29). VYet, there are other conditions that
could give rise to a aischarge which are related to
a negative vcltage gradient at a dielectric-conduc-
tor interface (Refs. 30 and 31). These did not
occur in the SCATHA example but must be considered
in any, more generalizeg mogel.

Finally, it should be pointed out that a discharge
could occur on the body of a satellite. In this
case, the structure potential would go to zero
volts directly, there would be no inversion process,
and repetitive discharges are very likely, In the
next section of this report, 2}l of these concepts
are melded into a generalized, proposeg surface
breakdown model.

ENVIRONMENTALLY-INDUCED SURFACE BREAKUOWN MODEL

For a complete evaluation of any geosynchronous
satellite, the effects of surtace breakdown (dis-
charges) transients caused by environmentally-in-
duced charging should be ascertained., This evalua-
tion requires knowledge of breakoown trigger condi-
tions and a discharge process to determine transi-
ent characteristics, This would be the first step
in an analysis to determine the systems response to
discharges. The discharge characteristics result-
ing from the surface breakoown would be useo as
inputs for codes to compute the internal structural
response {e.g., SEMCAP), The calculation of inter-
nal response tends to be configuration dependent
and cannot be treated in a general manner,

Based on the current state of knowledge andg the
results of the study in the previous section, pro-
visional criteris for breakdown initiation can be
proposed. These criteria are:

(2) Dielectric surface voltages are greater than
+500 volts relative to an 2djacent exposed conouc-
tor (Refs. 28 ang 2y).



() A dicleclriceapuey conguctyr interface has an
clectrie trelo grester than 1x107 volts/om (Refs,
0 eny 3l).

2aps, seams, edqges, and imperfections enhance the
existence of these condgitions ang thereby increase
the probability of breakdowns. It is assumea that
these discharges result in a relatively small
charge loss to space,

The aischarge process proposed is that charge is
transferred from the satellite to space; in essence
satellite to space plasma ground is temporarily
shorted, (see fig. 9{a)). It is assumed that a
breakdown continues until the satellite grouni po-
tential approaches space plasma potential as indi-
catea by ground simulation experiments (Ref, 32).
Accompanying this voltage transient is a local col-
lapse of differential voltages at the discharge
site, Charge is not drainea off of large areas of
dielectrics as previously assumed (Ref. 21) but
some small fraction of the total stored charge is
assumed to be lost to space in this differential
voltage collapse. The remaining charged dielec-
trics force the ground potential to return rapidly
towards 1ts precharged value.

Discharge transients can be computed as follows:
(1) The square wave approximation for the current
transient 1s derived from the total charge lost
over the same period. This charge lost is made up
of two parts: .

(a) The charge lost to space through the satellite

to space capacitor is computed from (see fig. 9(b)):

aQ = CS Vo (Coulombs)

where C 13 the satellite to space capacitor (typi-
cally 18' farads) and Vo is satellite ground
voltage at time of discharge.

(b) In order to compute the charge lost in the di-
electric differential voltage collapse, one has to
rely on laboratory results obtained from groundea
substrate tests. These tests produced discharges
which removed charge from large areas of the di-
electric surface, but it is believed that the ini-
tiation of the transient is the same for floating
substrate discharges. For the present, then,
charge redistribution and time duration relation-
ships from these tests will be used. Aadgitional
testing should be undertaken to obtain data on dis-
charge characteristics with floating substrates.

It 1s assumed that only 1 percent of the total
charge stored on the dielectric surface is involved
in this portion of the discharge process. This is
an arbitrary assumption made to stress the fact
that charge loss is limited to a small dielectric
area. Of this 1 percent, only 1/3 is lost to
space; the remaining 2/3 either stays on the di-
electric or neutralizes the polarization charge:
(Ref. 33)

80, = KCpy V) {Coulombs)

where:

X is the friction of total charge lost to
space (0.003)
Cp is the dielectric capacitance (faraas)

a¥p s the absolute value of differential volt-
age across oielectric (volts)

(c) Hence, the total charge lost is:

AQL - AQl * AQZ {Coulombs)
and the current pulse is:
1 = aQ /st (Amps)

The time duration of this pulse (at) is not known.
The experimental data for groungeg substrate tests
indicate that the maximum duration is a function of
dielectric area from which charge has been removed
(Ref. 33). Using this relationship, 2 time cura-
ion can be approximated as:

st ~ o.oz(KZAD)O-5 (usec)

where

Kz is the fraction of dielectric area involved
(assumed to be 0,Cl) :
Ap 1is the dielectric area (cmé)

(2) The square wave approximation of the voltage
transient is assumed to be the satellite ground
potential at the time of discharge over the dis-
charge period given above.

A1l of the voltage values and capacitance to space
(Cs) are available from the NASCAP analysis.
Dielectric capacitances can be computed from paral-
lel plate formulas using values of dielectric con-
stant and aimensions used in the NASCAP analysis.

This criteria can be applied to the SCATHA dis-
charge transient considered in the previous sec-
tion. The aischarge was assumed to be triggered
because the probe tip (metallic area) became more
negative than the surrounding dielectric - exceeded
breakdown initiation criteria a). In this case the
prube tip was capacitively coupled to the space-
craft structure so that the transient response of
the external structure could be determinea for the
selected value of coupling. The computation pro-
ceeds as follows:

(a) The capacitances are:
- Probe tip to space:
- Object to space:
-~ Probe tip to object:
arbitrarily chosen)

7.8x10-11 F
1.2x1?‘ F
2x10-10 F (vatue

(b) Charge lost:
8Q) = CgaV = 7.84x10-11x4720 = 0,37 yuC
(charge lost from pgobe tip)
AQ2 = KC8AV = 0.003x4.2x10"7x200 =
.0025 uC (charge lost from surround-
ing dielectric)
QL = 0.37 uC

(c) Pulse duration:
at = 0,02 (0.01x170)1/2 = 26 nsec
where area of dielectric boom was used.

{(d) Current and voltage transients (see fig. 10):
al = (0.37x10-6)/(26x10~ J=1a.2°
8V¥probe = 4720 volts in 26x1077 sec



{e) Structurs rosponss: 1f the responss of the
spacacraft ©o the dischargs s siaply Dy cepacitiva
coupling, then
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Thts can b compsred to tha compuier moda! predic-
tiong of the previous ssction. Since the structure
potantial was -3740 volts hefore discharga, the
volt change woulc cause the structurs to go to
~740 volts. The code value wes -725 volts. Hencs,
thas NASCAP discharge switch routine incorporates
the gssence of the proposed process.

What has baen presented hers must ba considsred &
pralimingry attempt to formulaete & usable guide for
enalyzing gsatelliie designs. It 1is based on the
idaa that braskdowns occur aarly in the missfon and
doas not consider any effects of dielectric aging
or ground bresk-up that msy orccur with time in
spaca., The process proposed here only approximates
any sffect of cherges being redeposited on the di.-
@lectric. The use of & l-percent loss with only
1/3 sscaping may compensats for this effect, but 1t
could introduce errors.

APPLICATION OF DISCHARGE MODEL

in this section the proposed aischarge model fs
epplied in 2 design situdy of a three-axis stabi-
11zed geosynchronous satellite. The NASCAP mwdsl
of this satellite 15 shown in figure 11. It has
two large, sun-tracking solar array wings and &
central spacecraft body. The overall dimensions
are 0 m gcross the wings by 2.4 m across the body.
The model has 470 exposed surfaces &nd gach spuare
in the model 1s 0.3 by 0.3 m,

The solar srray wings are each 3 by 1.8 m. They
are modeled as thin, flat plates with 0.015 cm (6
mil) silica cover s1ides on the sun-facing side and
0.010 m (4 @11} Kapton substrates. This represents
& Tlexible substrate solar arrsy system capsble of
producing & total powsr output of about 1 kM. This
arrey 1s assumed to be operating such that one wing
is gt +25 volts with respect to the spacecrafi body
whila the other is at -25 volts whan the array 1is
suntit. In eciipse conaltions the array voltages
are sat to zere. The {ntercomnects betwean ths
solar calls are modeled as silver patches (minimum
resoclution in MASCAP is ome surface cell)., These
matallic patches represent about 10 percent of the
total array ared which is & reasonable approxims-
tion to the actual exposed wetallic ares.

The spececrefi body 1s modeled as an octagon 1.8 by
1.5 m deep. On ihe earth-fecing side are two an-
tennas wodgled as octagons 0.9 by 0.3 w high. The
sides of these antennas ere covered by & grounded
thermal blanket with 0.010 cm Kepion outer layer.
The antenna cover is plain Kapton which can float
electricaily. On the opposite end of the boay 1s
&n epogee insartion wmotor enclosure wmodeled as an
octsgon 1.2 by 0.6 w deep. 1he ond i3 assueeo cov-
arad by pure eluminum, The rest of the exposad

surfacas of the spacecraft body sre covered by
0.018 cm Keptom, 0.014 cm 5114ca {OSR simuletion),
or purs aluminum patches.

The struts holding the selar arrays to the body sre
modslad as & dialsciric material with a low sacond-
ary ylald. A probs has eleo basn addad to the
bosy. This proba has an unspecifiad wrm« and 1s
medaled a8 heving an aluminum t1p with the guasi-
dislsciric Msﬂg Furthsrmors this probs i3 assumed
to bs very waskly capecitivaly couplad to the body.

A charging simulstion was conducted using & modar-
abs substorm from the destign snvirommsnt gpecifice~
tion (Ref. 20). Twalve minutes of sunlight cherg-
ing {with sunlight incident at 27" realative to the
soler array normel) wers simulatad followsd by am
additional 12 minutas 1n eciipsa. The cherging
history of selected surfaces 18 shown in figurs 12.

This figurs 11lustrates the difsrences betwsen &b~
solute, differentisl, end barrier-dominsted cherg.-
ing (Ref. 8,. In sunlight tha charging of the
structurs ground sterts only sfter diffgrential
charging or shaded insulators end procseds &t &
slower rate then the insulstors. Upon entering
c.14pss the rotential of the system as & whols
drops; the esisting diffarentisl veitagns ary matn-
tatred {absolute charging). Then, diffarantial
chirgine ~gsumas, The potential valuss reached in
this chaiging event (both sunlit and eclipse condf-
tions) are controlled by tne voltage barrisrs butlt-
up froi the charging of the large, shaded Kspton
supstre.es of the solar array. As Lhase surfaces
become w'ore negative, electric flelds expand, sur~
ro-onding the satellite and controlling the incoming
flux, the photo~ and secondary emission {barrier-
dominated :hevging).

A detatled review of the WASCAP graphics output in-
dicatass areas where discharges may occur. The pre-
dicted voltage profilas around the satellita are
shown in f;gure 13 for sunlight charging after 12
minutes {720 sec). As shown in the front view the
potentials tend tu decay from the shaded Kapton
{-5400 V). However, there are {nflection points in
the arrays and the center of each wing 18 at 2 pos-
1tive potentiel with respect to ground {2 comdition
which promotes discharges). The gradients from the
array edges towards the cenier are also severe (as
indicated by the numbsr of 1ines grouped in a small
arga). These solar srray differential voltages can
he more severe 1f 1t is assumed that the cover
slides have a high yield, mggnes1un fluoride, antt-
reflecting coating instead plain glass {Ref. 29).
Therg are also inflection points betwesn Kapton
surfaces and both sunlit and ghadea OSR‘s on the
spacecraft boay.

The side view of this Tigure indicates & possible
problem at the solsr arrey outer ends. Sirong gra-
dients exist and if thera is an exposad wmelallic
area, then hreskdowns could occur there. On the
spacecraft body thare are strong gradients at the
interface with the apogee wotor. However, unless
there 15 & seam or axposed metal edge in the re-
glen, the differentisl volteges are not sufficient
to cause diglectric pumch-through breskdowns. It
should be pointed out that computer graphics tends
10 aversge equipotentisls over the surface srees
even whan the surfsce 13 & grounded metellic area.
This can lesd to overlooking possible problems.
The eatire end of the wotor case s supposen o De
&t ground Doteatial. Hence, all voltage lines
should terminate on the dielsciric edge which pro-



duces ¢ strong electric field &t this point. This
concentration is not apparent in the computer gra-
phics and 11lustrates the nesd for care and dili-
gence in interpreting computer outputs.

For sclipsa charging conditions, the computed volt-
ags profilas et about 800 seconds ars shown in fig-
ure 14, The possible discharge aress are tha solar
array w1n? tips, 211 Kapton-matal intarfaces, proba
tip - dislectric boom intarface and solar array
call - {ntsrconnact geps. Braskdown characteris-
tics can ba sstimatad for both sunlight and aclipse
charging conditions by following the procedurs $1ve
an in the discharge guidelina. This procedurs 1s
applied to & possible discharge 1nvolv1m? & single
RASCAP csll arae on the solar array (positive dif-
farantis]l voltags braskdown critaria) and at 2
Kapton-matal intarface (sirong negative alectric
f1ald criterie). Thesa would be ths transient
characteristics at the dischargs site and would
serve as inputs %o another code to compute system
respun;e,

Soley array gap brasskdown: The sat0111t§ capact-
Tance to space 1s computsd to be 2,1x10~10 farads.
The ground potant!-ls are about -3 kV in sunlight
char: ing conditions and about ~9 kY in eclipse
charging conditions. This results in charge losses
of 0.63 and 1.2 uC, respectively. The capacitance
of the block of solar calls én the 0.3 by 0.3 m
MNASCAP gguare 1s sbout 2x10™° farad and the differ-
sntial voltage (maximum} s sbout 500 volts in sun-
l1aht and sbout 1000 volts in eclipse. Under the
criteria that 0.3 percent of the charge stored on
the dielectric 15 also Tost, then an aaditional
0.03 uC should be added for sunlight charging and
0.06 uC added for sclipss charging. The resulting
total charge lost would be 0.66 ul Tor sun charging
and 1.96 wC for sclipse charging. The square wave
approximations for the voltage &nd current tran-
siants of this discharge source are shown in figure
14 (based on & computed pulse durstion of 80 nsac
for the sssumed one surface cell breakdown} in both
sunlight and eclipse conditions.

spton-metal interface breskdown: The chargs con-
tribut{on Trom the breskdown of the satellite to
space capacitor 1 the same as above. Tha differ-
gntial voltage on the shaded Kapton is about 2.5 kV
for both sunlit and eclipse charg;gg conditions.
Since the K@pt@n capacitance per MASCAP squars i3
about 2x10-9 farad, the total chsarge lost to spaca
1% 0.78 uC for sunlight charging and 2.0 uC for
eclipse charging. The voltage and current tran-
stents for this discharge are similar to thoss
shown in Tigure 15,

It 13 spparent that the probe tip would trigger a
discharge as 1t entered eclipse snd produce resulis
similar to that of the SCATHA amodel study. Hence,
upon entaring eclipse one could antitipate an Ini-
t1al disshar?n due to the weskly couplad probs and
have this followasd hy a dirfsrential voltage dis-
charga caused by veltage gradisnts in the srray or
thermal blankets. Tha final assessment of any haz-
ard to satellite systems reguires using thess tran-
gients as inpuds o computational schemes to deter-
mine the structure and harness coupling possible.
Modifications to the design, Tiltering or ignoring
the charging possibilitias could then be decided
{Raf. ag?n

CONCLUDIMG REMARKS
The quastion of suvironmentally-induced discharge

hazards to spacecraft systams has lomg heen deba-
ted. Initiel studies indiceted that the large
sres, charge clean-off, uischar?os observed in lab-
eratory simulation could occur in spaca subsiorm
encountars. Tha hazerd from this type of “big-
bang” discharge was obvious; many satallites should
hava been destroyed. This did net occur. Trangi-
ants ware detaciad on satellite surfaces and on
internal alactrical harnasses. Tha only recognize-
bla hezards appaared to e anomalous elecironic
switching and nofsy telemetry.

Date from spacecraft seemed to indicate that dif-
farentisl charging was controlled by voltage bar-
riers and could not reach the lavels raguirad to
obtain the big bangs. Analytical modaling tech-
nigquas reachad & gtete of maturity to pradict relt-
ably that known substorms could not procuce suffi-
cient ¢ifferential voltages to trigger a major dis-
charge. This focussd sttention on the "little
bangs"; those trritating occurrences that had besen

reviously ignorsd in laboratory studias. This has

ed to differsnt concepts for discharge tnitiation
and subssquant low enerQy pulses.

in this paper 8 discharge process is proposed. The
trigger conditions postulsted are: s nagative ex-
posed matallic surface surrounded by & 1ess naga-
tive dislaectric and & large voltage gradient at &
dislectric/metal interfacse. Both of these condi-
tions ars essentially gap phenomsnon and are hased
on laboratory data, Anslysis of SCATHA data for &
discharge occurrance seems to substantiste the pos-
tulation, Surface discharges cause a swall tran-
sient charge transfer to space which results in
voltage transients., A method of computing thess
transients has been developed basaed on the charge
lest through the capscitance teo space and a frac-
tion of cherge stored in the dielsciric at the dis-
charge source. This computation results in &) es-
timate of the discharge transients at the discharge
site and can be used as inputs for coupling code
analysis of structure/system response. As an exam-
ple, the transient computations have been applied
to a thres-axis stabilized, geosynchronous satel-
1ite for both sunlight and eclipss charg1n?, The
enargy of the transtent pulses were about 1 mjoule
for sunlight discharge and 8 mjoule for aclipse.
Chenging of selected coatings on the satellite
would relive the strass.

The proposad process and computational scheme given
here 1s preliminary, It is based on available in-
formetion and seams to explain some of the occur-
rances on satellite. As more data bacomes avall-
able, the mode! will be improved.
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