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Absttact

Satellited in geosynchrornoud orbit have been experiencing operaticnal anomalies.
Thege anodrhalieg are believed to be dug th the environment chiarging the spacecraft
surfaces tb & point where dieeharges occur. In designing future satellites tor lung
term operation at geosynchronous altitude, it is important that designers have a
Bpecificatibn that will give the tbtal time per year, the particle flux density and
particle erergies that their sztellites can be e?ected to ericountér Inthese gub-
stormi environmedtal conditioris. The limited data currently available ori the
environmental conditioris ha8 been ugéed to generats the provisional specification
glven In this repert,

1. INTRODUCTION

Sateflites in géosynchronaus orbit have been exhibiting ahomalous behavior,
particularly during the local dugk to dawr porti{on of their orbit. 1 it 18 now believed
that these arismelies are due to tke ndise generated by thé discHarges from the
differential electrodtatic charging of the: vatious spaccraft surfaces to kilovolt
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potentiale Ny the environment. The cléctromagnetic eniergy released from such
digchargey can trighger sensitive ¢lectronic logic gystems, resulting In the sroma-
loug Bpacecraft behavior, In additlon, the discharges cai damsge thérial control
Burfaces, resultitig in higher than ant{e{pated temporatures in the spaceciaft
gydtetn, The charging of itese gurfaces can aldo result i» tHeir enhariced cor-
tamination.

Data from the ATS<5 and ATS-6 gatell{tes have ehown that clouds of kilovolt
¢lectrong cen occur at geosytichironats altitude in the local midnight to dawn
quadrant. ¢ The occurrence of such particle clouds K& been correlated wtth geo-
magnetle subetbrm activity. 3.4 Furthermore, they persist for periods of several
hours. These kilovolt electrons tmplaging on the spagecraft can cause the gpaces
craft surfaces to charge to kllovblt potentials, ATS-5 and ATS-8 obgetrvations
indicate charging of the spacecraft grounds to gfeater than 10 kV negativeé in the
eclipee phages Of their missaton and to a few hundred volts negative i sunlight in
tie presence of these kilovolt particles. If the Spacecraft ground8 can be charged
in this manner, then it rust bé¢ agsumed that insulatbr surfaces can also be
charged to kilovolt levels. The shaded itigulator surfaces can be charged to these
levels even when the Bpacecraft grounds are maintained at the few hundred volt
level, resulting in differential charging of the varioue satellite surfaced.

The spacecraft ¢~arging phenomenon is curréntly under {nvéestigation at eeveral
geound facilities, 5-9 |t has been shown in these invegtigations that indulating surs
faces cin be cHarged by beams of k{lovolt electrons and that the subséquent dis-
charges do produce conducted and radiated electromagnetic (ntérferétice. In
add{tion, {t has been shown that the discfiarges can damage the ingulator surfaces.
Tne number Of discharges which must be absorbed by electrical systers ag well
¢ the degree of damage to surfaces has been shown to be proportional to the
average particle energy and to the incoming flux of particled. Frsm an énglaeering
gtandpoint it IS {mportant to know the anticipated discharge rate for multiyear
tiigg{ong g6 that this factor can be conisidered in the speciflications for the elec-
tronic circuit deaign and for the thermal design. Therefore, it Is desirable to
develop a specification defining the time per year that a eynchronoue gatellite
could expact to spend in a substorm environment, the relative proportions of time
spent in g¢vere, moderate and mild subgtorms, ahd the particle energies and
cutrrénty characteristic of these substorms, Witth such a specification in hahd, it
wbuld e passible to conduct tésts to determtne the performance of surface materi-
als for a propoded migsfon, I thig repars, the available data on the substorm
eftvirontment are ugéd to generate a provisional spé&cification for use in designing
gatell{te gystems,
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2, BERINATION OF THE SPECIFICATION

THe information on the geomagnetic subgtorm ernvironmert at synchronous
altitude is based on deata froin the ATS-5 and ATS-6 Aursral Particles Experiments.
Considerable data exists &n particle flux as a fudction of energy both in gutet times
and in gubstérms; however, data OR substsrm particle energy Bnd current flux
variations over the Ibcal dusk to dawn quadrants is scarce, This latter type of
data is necegsary in érder to derive 4 gpecification for the time history 6f particle
energy and flux per year bf mission life.

THe available data include: a survey of the substorm environment for a three
monith.period of 1970;10 time histories of two eubetorms obtained as a result of
this survey; and data ¢n the level of charging of A TS-6 spacecraft grounds during
the fall 1974 eclipse season. 11 These data are ghown in Table 1and Figures
1- 3respectively, and form the basis {~r the present spécification fbr the sub-
storm environment.

Table 1, Summary of ATS-5 Measurements of Charged Particle Environment ..

PLOT OF 2 JAN 1970 SUBSTORM
Electrbns

Currents Up to 0.85 mA/em? for = 36 min
Averagé Current 0. 5maA /em?2 far> 8 hr
Peak Temperature of 12-13kV for = 45 min
Average Temperature of ~6 kV for = 8 hr

Protong

Currents up to 13 pA/em?

Average Current % pA /cm?

Peak Temperatures of 16-20kV for = 36 min
Average Temperature of —12 kV

OTHER SUBSTORMS
Electrons
Currents obgerved up to 2 A /em?, Typiesl 0. 16 0.2
Pogsible: 8 nA/em? Maximium (Nolsy Data) for 5-10 min

Temperatures up to 20-30 keV
Typical Temperature 2-6 keV
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Figure 3. ATS-8 Spacecraft %wrging Data. Fall
eclinge period, 1974 (Bartlett!V)

A study of Table 1and Figures 1- 3 Mentioned absve indicates a number of
factorg which must oe considered in developirig the specification, First, partlsle
energies are not constant over the substérm period; they fluctuate throughout.
Secbnd, there is a.large variation in substorm intensity; the average partiéle
energies are higher in some substorms thah in.others. This 18 shown by the vari-
ation in the level of charging of the spacecraft grounds fn Figute 3. Third, the
electron current density id low when the average electron enérgy 18 high, and
conversely (Figures 1and 2), Finally, the relationship betweeh praton and elettroh
average energies and current densities is reasonably linear. For the purposes of
this specification, it is agsumed that the average proton energy i& twice the aver-
age electrbn energy, awd that the proton current density ts abséut 1/50 of the
electron curtent density, Thebe agsurnptions are based on Figures 1 and 2.

The temporal spesification deduced from these limited data and the ¢onsideras
tlons noted absve i8 shown in Figure 4. A more detailed discugsisn of the der{va-
tion of the specificatisn 1g glven in the following paragraphs.

2.1 Total Hi’'Yeat in Substorm

It s necessary to apecify part{ele energy aiid cufrent density ab functions of
timie in & substorm environment pér year of mission life. The first task &
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Figure 4. Provisional Specification for Satellite
Time in a Geomagnetic: Substorm Envirsntrient

therefore t¢ determine the average number of hours/year that a synchrongus
spacecraft will spend in a substorm environment.

According to a simplified evaluation of the occurrence of gubstorms, 4 sub-
storm activity ocedpies about 30 percent bf the time during any given year. For
purposes of thig spécification, it 18 assumed that a satellite can find itself in a
charging environment during the Ibcal dusk t6 dawr portisn of its érbit. Baged on
these aeeumptions, = #atellite can be in a substorm environment for a tbtal of
1314 ne/year. This number {s denoted by Hy hOUIS per year in substorm).

2.2 Patticle Energy

Two further factors are required tb obtain a &pectfication for particle energy
as a fuaction.of time. first, it is necessary to-determing & "'time variation factor™
indicating the fraction of time in any otie subgtorm that the particles can be at or
above varibus allergy levels, This factor depends on the particle energy of
{nterest and {s herein denoted by f4(E). The second required factor is & "subetbrm
intensity factor' indicating the propartioris of gevere, moderate, and mild sub-
storms expected to occur i & year. This factbr {s aléo related ta the energy level
of interest (via the AT8-6 ground pdtential data) and is herein denoted by £4{E).

Id order to determine £4(E), {t {8 necessdry to characterize the variation of
particle energles during a substorm, Fbr this purpose, the 2 Janudry 1970 sub-
storm (Figure 1) 18 taken aé the rfiodel bf a evers substormi in terms of etiergy
fluctuations, Datd from thig subdtorm are uged to define the fractions of the total
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gubstorm time (10 hy) during which the average energy of the charged particle
population attaided or exceeded gpecified values. The Model for the moderate subs
substorm IS assumed to be the gamié as the gevere but with the average energy
Bcale cut in half. The mild substorm model is asgumed to be the same as the
modérate gubstorm model but with the energy scale again Halved

The "substdrm intensity factor" fs(E) is obtained from the meagurements of
the ATS-6 spacecraft ground potential during the 1974 eclipse period (Figure 3).
it is assumed that when the ATS-8 spacecraft ground Had been biased to a voltage
level of between -6 kV and - 12 kV, the satellite Had encountéred a severe substorm.
When the ATS-6 ground had been biased to values between -3 kV and -8 kV, It is
assumed that the satellite encountered a moderate substorm. An encounter with
a mild subswrm {§ assumed to have occurred when the ATS-6 ground had been
biased to values betweer 0 and -3 kv. The intensity factor is determined by the
ratid of the number of days that the spacecraft ground voltage reached these volt-
age ranges to the tbtal number of days that the Satellite experienced a substorm
during this eclipse period. Therefore, the intensity factor takes on 3 values:
0. 33 for gevere substorms (10 days out of 30), 0.27 for moderate substorms
(8 days out of 30), ahd 0.4 for a mild substorm (12 days out of 30), It IS assumed
that this ratib remains constant throughout the year.

The specification for the average electron energy as afunction of time
(Figure 4) is then obtained by determining H(E), that{s, hr/year in a substorm
envtrbnment of average electron energy = E, from the

H(E) = Hy {{£,(EM(E)) g0 ope + T{EM,(E)] + (1, (E) (E))

mod mild }

Values of these termafor Selected average energies are given ih Table 2.

Table 2. Factors Used ih Derlying Specification

I
Eléctron Temp. Category of Storm H(E)
(KeV) Severe Moderate Mild (hours)
£.(E) fJE) | fME)  £(E) | fIE) £ (E)

12 0.025 0.33 | --u-- 11

10 1 43

8 2 b ----- 87

6 .5 0. 025 0.27 --= .- 226

4 .8 .2 --- --- 418

2 1.0 .8 0.2 0.4 823
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The gpecification for ion energy versus time (n the substorm environment is
gtmply that the average ion energy IS approximately twice the average electron
energy as was discussed above. It is recognized that catagorizing tht substorms
tn the manner outlined above is arbitrary. As more information on the substorm
environment becomes available, the assumptions which have been used can be
impréved,

2.3 Pasticle Cussent Density

The specification fbr the electrorl current density in Figure 4 is again based on
data frum the 2 January 1970 substorm as the modzi substorm. These data indicate
that the current density iS 0.5 nA/em? at the nigh average electron energies, and
that as the average electron energy decreases, the current density increases
monotonically ts 2 nA/em?2 in approximate inverse proportion to the average energy.
The current density specification is devised based on this information plus the pre-
viously derived energy specification. Again, the ion specification is simpiy stated
based on the earlier observation that the ion current density ie about 1/50 of the
electron current density.

2.1 Field Aligned Fluxes

It should be rioted that throughout the development of this specification, i&o-
tropy of the environment has been agdumed. Recent data indicate that field aligned
fluxes are in fact present,” " and that particle huxes aligned with the magnetic field
lines are considerably larger at certain energy levels than the fluxes at large pitch
argles. No attempt has been made to incorpdrate such anidotropies into the present
specification.

3. DISCUSSION

The specification presented tn Figure 4 shows that far a large fraction of time,
the gatellite wlll encounter only mild subetorms, Computations of gurface behavior
of the normal gpacécraft materiale tn this environrmient show that the resulting sur-
face potential i such substorme is not high enough to cause discharges. This may
explain the apparent raddomnegs of the observed spacecraft anornalies, which do
not always occur wheu substorms are detected a4t a ground stattod.

The specification cau be used in conjunction with a ground test program to
determine the behavior of an tnsulator surface proposed for a satelllte. By simu-
lating the substorm parameters, the tést surface cah be subjected to the spectfica-
tlon profile to determine the surface charging characteristice for a given mission
lIfe. The diecharge thréeshold will also bé detérmined along with the material
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degradatisn and transients associated with the discharges. This infdrmation ran
then be used in designing the satellite systems to accommodate the gurface beHavior
Hence, the specification is used as an ¢ngineering tool to atd id system desigrs

4. CONCLUDING REMARKS

The gpedification presented herein s based on a very limited amount of data,
and many asgumptions. No margin8 or variances have been iricluded in this speci-
fication simply because the data are ihsufficient to allow reasonable calculations
of such parameters. For thege reasons, the present specification hag been
denoted a5 a provisional gpecification; it is expected that refinements will be made
as more data become availavle,

Despite the preliminary nature of this specification, it is felt that it provides
a useful engineering tool whieh can be used to provide a guideéline for ground test
procedures to estimate the effects of substorm activity on a spacerraft during a
specified migsion life.
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