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Abstract

A computer study of the respense of various
spacecraft configurations to a charging environ-
ment in sunlight using the NASCAP code is reported.
Configuration features considered in the study in-
clude geometry, type of stabilization, and overall
size. Results indicate that sunlight charging re-
sponse is dominated by differential charging ef-
fects. Shaded insulation charges negatively re-
sulting in the formation of potential barriers
which suppress photoelectron emission from sunlit
surfaces. Sunlight charging occurs relatively
slowly: with 30 minutes of charging simulations, in
none of the configurations modeled did the most
negative surface cell reach half its equilibrium
potential in eclipse. Because the substorm envi~
ronment tends not to remain constant over long time
periods (say 21 hr), this result implies that equi-
librium calculations of spacecraft potentials in
sunlight do not give an accurate indication of
charging response in substorms.

Configuration features have an impurtant im—
pact on both charging rates of structur2s and on
differential potentials developed across shaded in-
sulators. The most striking "configuration" effect
observed in this study is that of type of stabili-
zation. A spinning spacecraft is expected to exhi-
bit slower charging of its structure but to develop
somewhat larger electric field stresses across
shaded insulation than is an identical spacecraft
which is three-axis stabilized. Thils effect, as
well as those of other configuration features, are
discussed.

Data from the ATS-5 and ATS-6 spacecraft are
presented, and support the analytical conclusions.

I. Introduction

The idea that spacecraft configuration is a
critical factor in charging response was sparked by
the observation that the ATS5-5 and ATS-6 spacecraft
respond similarly to charging environments in
eclipse but differently in sunlight. Both space-
craft charge negatively during substorm activity,
which is consistent with the observation that am-
bient electron fluxes are larger than ambient ion
fluxes. In the fall of 1974, when both spacecraft
were eclipsed simultaneously, they charged to sim-
ilar potentials.( Statistical analyg}s of
ATS-5 and ATS-6 eclipse charging data(®) further
supports the conclusion that these two spacecraft
exhibit similar charging response in eclipse. The
factor of 2 difference in the most negative poten-
tial observed in eclipse (~10 kV for ATS-5, and
~20 kV for ATS-6) is believed to be due to an in-
crease in geometrig activity between the ATS-5 and
ATS-6 missions(2) rather than a difference in re-
sponse to a given environment. The percentage of
eclipse passages during which charging occurs is
also similar for the two spacecraft.

In contrast, neither the frequency of charging
nor the potentials attained by these spacecraft are
similar in sunlight conditions. Reasoner, et al.

have studied daylight charging of ATS-6. They re-
port a maximum negative potential of ~2200 V and a
"gignificant probability" of potentials more nega-
tive than ~1000 V. They indicate a greater than

50% probability of charging in the midnight to dawn
local time quadrant. Dayli%ht charging of ATS-5

was discussed by DeForest,( ) who recorded 13 oc—
curances of charging to potentials more negative
than =50 V lasting longer than 5 minutes between
Sept. 30, 1969 and Nov. 10, 1970. The most negative
potential observed was 300 V. Even allowing for =
factor of 2 in geomagnetic activity, and for the in-
ability of the ATS~5 detectors to record potentials
less than 50 V in magnitude, it is apparent that
A1S-6 charges more frequently and to larger negative
potentials than does ATS-5.

The potentials discussed above are those of the
spacecraft structures (electrical reference) with
respect to plasma potential. For a spacecraft with
electrically isolated surfaces (i.e., insulating
surfaces), differential charging of these surfaces
with respect to the spacecraft structure can occur
because of differences in the surface materials'
properties (such as secondary electron yield) and/or
in the "environment" between surfaces (such as one
surface being sunlit, and another shadowed). Poten—-
tials attained in eclipse in a given environment are
determined by surface material properties. The fact
that ATS-5 and ATS-6 charged to similar potentials
in the same eclipse environment suggests that the
surfece material properties which determine eclipse
poteniial are similar for the two spacecraft. This
implies that the dominant factors responsible for
the very different behavior of the two spacecraft
in sunlight is related to differences in configura-
tion rather than differences in materials. Config-
uration here includes characteristics such as size,
geometry, and type of stabilization. These features
determine relative areas of sunlit and shaded sur-=
faces and are expected to be important for differen-
tial charging.

The differences in configuration between ATS-5
and ATS-6 are substant}al, as indicated in figures
1 and 2 and table I.(%) ATS-5 is relatively small,
compact, and spins at 76 rpm about the cylinder
axls. ATS-6 is an extended object, five times as
large and 3-axis stabilized. What should the ef-
fects of these various configuration features be on
charging response, according to current understand-
ing of the phenomena? Are these effects consistent
with the observed response of ATS-5 and ATS-6?
These are the two questions whose answers are sought
in this study.

IT. Study Approach

The approach chosen to answer the two questions
posed above was to use the NASA Charging Analyzer
Program (NASCAP) code(6) to investigate the effects
of various configuration features on charging re-
sponse, and to review data from the UCSD Auroral
Particles experiments on ATS-5 and ATS-6 with par-
ticular attention to characteristic features of sun-
light charging events.
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For the NASCAP study, five objects were modeled,
The configuration features examined weve type of
stabillzation, peometyy, and size. The envivonment
was the same for #11 runs, and was an ibotrupiu
Maxwellian with clectron tempervature (kTp) = 5 kev,
fon tewperature (KT3) = 10 keV, and wmber d&nsi~
tica of electrong and ioms (ny, and ng, respecs
tively) = 0.2/cmd, Toeliminate offcets due to dif»
fering matevial properties, all materinls wore taken
to have the same alectrou emission propertics. Thus
the effects examlned are vasentlally sun/shade ef-
fects.

ATS-5 data from the first 2 years of operution
(1969~1971) and A1S~6 data from 1974-1976 were o=
viawad to ldentify sunlight charging response chax-
acteristics. Particular attentdon was Tocused on
the temporal development of negative spacecraft po-
tentials and on evidence of potential “arviers
(AT8~6) and diffevential charging (A1: 3). Fre-
quency of charglng was also tallled Lur ATS-5, fox
camparison with the ATS~6 data discussed oarlier. )

III. NASCAR Study

A, Objects and Comparisons

The five NASCAP objects modeled for this study
are illustrated fn figuves 3 ko 7. Rach fLiguxe
shows a parspective view of an object (with a coor-
dinate system for reference), indfcatus the exposod
surface composition and gives u bulel desewiption
of the object and size(s) and stabiliszation types
run. A summary of cowpavisons wada to ldentify the
{wpact of gtabilizacion typa, sise, and goowmetry
appenrs in table IX. All caleulations were made for
the plasma envirvonment described above, Calcula-
tions wera made for all objects with the sun in the
+%, or (1,0,0), direction (as viewed Lfrom the ob-
Ject). Calculatlons wera also wade for different
sun directions for some objects, and celipse re-
sponse (no sun) was ‘caleulated for reference.  The
eclipse equilibrium potentinl indicntes the equi-
Librium potential of a shadowed Insulating cell.

In what follows, the term, "cell' is used to
refar to a surface cell of a NASCAY object. A coll
is one of the small square, rectangular, or trian-
gular aveas of exposed surface illustrated in Fig-
ures 3 to 7. The "mesh size" is the length of one
side of a square surface cell.

Object 1 (Eig. 3) is an ATS-5 model objoct. Tt
iy an octagon with cavities on both onds, and with
a smaller octagon vising ono cell above the floorin
each cavity. It has a two-cell wide motal belly
band, and exposed wmetal patchios scattered about the
exterior surfaca. The charging of this object was
caleulated for both types of stabilization (spimning
and 3~axis). Calculations were made Tor a “small"
object of ovarall length 1.6 m and a "large'" object
of ovarall length 8.0 m. I+ addition to tho sun
direction %, represented (i,0,0), a sun dirvection
of (1,0,1) was used for some runs.

Object 2 (Fig. 4) is identical to object 1 ex-
cept that it hn& no cavities. UThus it is a solld
octagon with a two-cell wide exposed wetal belly
band and scattered patches of exposed metsl around
the sides. The ends of the octevon are Insulating.
Charging calculutlons wera wade for this object fox
both stabilization types and Inr sun dixvections of
(1,0,0) and (1,0,1). Rerults are compaved to those
of object 1 to identify the jmpact of end cavities
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on charglng response (see Results section below).

Object 3 (£ig. 5) 1s an octagon with a four-
cell wide belly band, but with no seattered pateh=
es.  Its purpose was to fdentify offects of the
wider exposed metal area, Its charging vesponse
was caleulated Tov the two stabilisation types, with
the sun in the +% diveatlon.

Object 4 (fig. 6) 1s object 3 with a second
octagon on a short hoom added to vepresent an an=
tenna,  Its purpose was to fdentify the effect of a
despun antenna on the charging response of a spin-
ning body., ¥igure 6 indicates three difforent fn-
sulators., In fact these diffor only {n photoaloe-
tron currant deasity emitted. In ovder to simulate
properly & despun antenna in the NASCAY ealeulation,
the plotocwitted curvent deunsity of the permanently
shaded portions of the sptomma was set to wero (in=
sulator 2), and that ol the constantly 1lluminated
stde (insulator 3) was set to 3.3L1 nafew® go that iun
the averaging done during spin uimulation, ftw of—
foctive photoeomitted currvent density is 1 nn/cm~
the nominal value for the fnsulator used as the
basis tn all runs ('INSULATORM). ‘The chorgiag ve-
sponse of this object was caleulated with the hody
spinning and the antenna despun.  Ivo sun diveetions
vere used, (1,0,0) and a slightly oblique one,
(0,986,0,0.164). The latter sun direction was used
to indicate loval differential charvging effects near
the anteunna.

Object 5 (fig. 7) 1s the “eoxtended geowetry"
abJect. It econsdsts of a central octagon with two
scetangular paddles attached by shovt hooms. Charg-
ing response of this object wasg caleulnted only in
the 3 axis stabilized mode. It was simed so that
the octaganal body was approximately the sawe sis
as the octagonal bodies of the "small" Object 1, and
Object 2 through 4, and its overall 2 dimension s
cowparahle to that of the "large" Object 1. Its
purpose was to fdentify eoffects of extended peometry
(as compared to the compact octagonal goometry) on
charging respouse.

B, Results

As & baseline, calewlotions of chavglug in
oclipse were made, Hach of the modeled objects
charged to the equilibrium potential of -§,32 kv
within a lfew seconds. The sunlight charging caleu-
Intions weve vun for 30 winutes each, The largest
negative potential developed by a shaded surlace
cell on any object was =2.3 kV, or ahout half its
equilibrium potential, Thus the [ivst peneral xo~
sult is that sunlight charging 15 predicted to be o
mich slower process than eclipse charging. On Lho
othar hand, the structures of all objects dild charge
dn sunlipght to negative potentials of hundreds of
volts durdng the 30 minukes of charging simulation.
This 4s of particular intovest beeauge the plaswma
electron current Jdengity to an uncharged surface was
wove than an oxder ol magnitude smaller than the
photoelectron cuvrent density! The charging of the
structure and sunlit dusulation to negative poten—
tials ds thus not due to plasma electron fluxes ox-
ceeding photoelectron [luxes. Rather, it is a con-
sequence of diffeventilal charging.  Shaded fnsulat-
ing surfaces develop negative chargoes and set up
potentlal barriers around the objects. ‘'lhese po=
tentdal barviers wmake ft fwpossible Lo photo=
aloctrons to ascape fxom the vicinity of the objeer,
efTectdvely cutting off photoelectron emission from
sunlit cells, bothwetal and tnsulating, and alloviug




charging of the entire object. Thus sunlight charpg-
ing Is cssentilally a differential charging elfeet.
Sunlight charging is expected to vecur slowly be-
cause the lavge capacitance of thin insulatlon to
underlying conductors causes dilferential charging
to occur slowly.

In the balance of this saction, the three con-
figuration features fuvestigated ave discussed in
the order in which they appear in table II, that is,
effects of stabllization type (Including eoffect of
the despun antenna), offects of size, and finally,
effects of peometry. A final paragraph summavizes
the relative lwportance of these features in deter-
mining overall charging response.

Caleulations of the charging responses of Ob-
Jects 1, 2, and 3 were made Tor each object spin-
ning and 3-axis stabilized. Results indicate that
type of stabllisation is a very Important factor in
determining charging response. Prodictions fox Qb=
Jeet 1 are shown in [dgure 8. As can be seen from
the figure, the structure of the 3-axis stabilized
object begins to charge sooner, after 2 to J min-
utes compared to 5 to 6 minutes for the spipning
version. After 30 minutes, the structure potential
in the 3-axis stablilized case 18 about three times
that in the spinning case. The behavior of the
shaded insulation fn the two cases is Intevesting,
During the First minute or two of charging (beflove
the structure heglins to charge negatively), dark in-
sulation in the two cases charpes at the same rute,
The rate Increases In each case after the structure
begins to charge negatively, but the rates are such
that the electrie field inside the shaded insula-
tion Ingreases somewhat more quickly fov the spin-
ning than the 3-axis stabilized case. After 30 min-
utes of charging, there s about a 10% difference in
electric fleld across shaded insulation du the twa
cages., For example, for the case Lllustrated In
figure 8, the field ocross dark insulation aftex
30 minutes of charging 4s 9.8%10% v/m in the spin-
ning case compared to 9.1%x100 V/m in the 3-axis
stabilized case.

This appears to result from the larper propor—
tion of shaded cells in the 3-axis stabilized case,
and the consequently smaller reglon over which the
potential barrier must extend to suppress photo-
emfsstion from all sunllt cells. Potentilal contours
avound Object 2 after 11 minutes of chargling are
shown in flgure 9 for the 3J-uxis stabilized case
and in flgure 10 for the spimning case. In these
Llgures, ¢g 1s the structure potential, dgrp Is the
potential of the shaded fnsulating cells, and gy
Is the potential of a sunlit insulating cell near
the belly band. In general, sunlit insulatingcells
were found to be less negative than the structure.
Because there are larger areas of exposed insulator
than of exposed wetal on all these objects, the
formation of potential barriers which cut off pho-
toemission from sunlit insulating cells s critlcal
in allowing the structure to moixrge negatlvely.

The cffect of the despun antenna (Object 4) on
overall charging behavior was to hicrease the
charging rate slightly over that for 9bject 3, which
is ddentical except for the presence ol the antenna
on Object 4. Results are illustrated in flgure 11.
The antenna on Object 4 is small relative to the
wain body of this object. Presumably. 1 the vela-
tive size of the antenna were larger its effect on
the charvging rate would be greater. It should be
nated that, while the antemna's effect on the over-
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all charging of the object is small, its presence
gives rise to lavge local differential charging be-
tween 1ts shaded side and nearby cells on the vop
of the body, particularly when the sun is in a di-
rectlon such that the top surface of the body 1s
illuminated,

Results of charging response calculations for
the large and small versfons of Object 1 were com-
pared to identily effects of overall size. Tigure
12 ghows these vesults for the 3~axis stabilized
case, As the figure indicates, a factor of 5 change
in lincar dimensions caused at most a [ew percent
change in charging response. This is a consequence
of the fact that differential charging is' the domi~
nant factor in sunlight charging.

Three types of geometry features were consid-
ered.  These were: (1) compact versus extended;
(2) end cavities; and (3) distribution of exposed
metal.

To compare compact to extended geometry, the
chargiug response of the large version of Object 1
was compared to that of Object 5. Object 1 48 es-
sentially an octagan, and represented a compact
geometry, Objeet 5 is an octagon with large [lat
"yings," and is therefore considered extended, Fig-
ure 13 shows the comparison. Object 1 results shown
are for the 3-axis stabilized condition. As can be
seen from the fipure, the extended object charges
significantly more quickly. Its structure poten-
tial 1is about 1.5 times that of the compact object
alter 30 minutes of charging. The gtress across
shaded insulation at that point is somewhat larger
for the compact object (9.1%10% v/m) than for the
sxtended one (8.6‘105 v/m), This is similar to the
result for type of stabllization in that the object
whose structure charges more quickly has lower
stresses across lts shaded insulation.

The e¢ffect of end cavities oncharging rasponse
was examined by comparing results of charging cal-
culations for Object 1 with those for Object 2. As
noted above, these objects are identical except that
Object 1 has end cavities and Object 2 does not,
Results of the comparison indicate essentially no
offect on overall charging response, that is, the
poteniial versus time plots for the two objects'
structures and shaded surfaces are virtually fden-
tical. This was true for both spinning and 3-axis
stabilized cases, and for sun directions of (1,0,0)
%) and (0.707,0,0.707). 1In ecach case the (0.707,
0,0.707) sun dirvection resulted in slower charging
but the reosults For Objects 1 and 2 were essen~
tially the same for cach combination of conditions
(evg., splaning, sun at (1,0,0), ete.), The flelds
in and near the cavities are strongly influenced by
thelr presence, but the flelds exterior to the ob—
Jeets, which form the photoelectron trapping bar-
riers, are not much influenced by the presence of
cavities. This is illustrated in [igures 1 and 15.
In figure 14 equipotential contours avound Object 1
are shown after 20 minutes of charging in the spin-
ning mode. Note the complicated [leld structures,
particularly in the lower cavity, where the small
octagonal "bump'" in the cavity has a conducting
clrcumferential surface. Figure 15 shows equipo-
tential around Object 2 alter 21 minutes of charg-
Ing. A comparison of this figure to the previocus
one indicates that, despite the complex field
structures in the cavities, the [ields nearer the
extervior surfaces of the two obJects are very sim-
1lar. Because these exteriorv fields, which suppress
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photoelectron emtysion, are the fwportant ones in
detormining overvall charging response, the two ob-
Jects behave the same in terms of that response. 1t
should be noted, however, that particularly in the
oblique sun angle cases, gseveve differential chavg-
ing occurs jfunside the cavities due to local ghadow-
ing effects.

Finally, the chavging vesponse of Objents 2
and 3 were compared to ldentify effects of distri-
bution of exposed metal. The effect was slight
enough (~5%) to be considered insignificant in this
study. Object 3 charged slightly more slowly than
Object 2, evidently because of differcnces in the
details of potential barrier formation.

Results of the NASCAP configuration study are
summarized in table IIL in tervms of potentials on
structures and davk insulation and stresses across
the insulation after 30 minutes of charging simula-
tion. Briefly, type of stabilization was the most
important single factor in determining charging re~
sponse.  Overall geomotry (extended versus compact)
was gecond in dwportance. Other features dnvesti-
gated (size, cavitiles, and swall despun antonna)
had negligible effect on overall charging rosponse,
though severe local differential charging can ba
expected in cavities and avound despun antemnas.

IV,  ATS-5 and ATS-6 Charging

The NASCAP study Just described indicates that
daylight charging should occur much wore slowly than
eclipse charging. Furthermore, a compact spinning
object is expected to charge move slowly in sunlight
than a large extendad one, with the consequence that
the small spinner should attain lower potentials for
a given exposure time and environment. In terms of
AlS-5 and ATS-6, the computer results lead to the
expectations that (1) sunlight charging should oe-
cur much wore slowly than eclipse charging, (2) dil-
ferential charging (to the extent it can be inferred
from the particle data) should accompany sunlight
charging of the spacecraft structure aund precede
absolute charging, and (3) ATS~6 should charge more
quickly than ATS-5 in a given environment., Because
of the time and distancoe separations of the two
spacecraft, divect comparison of responses to the
same environment iIs not possible. However, expee-
tatdon 3 also implies that ATS-6 should chavge more
frequently and to largor potentials than ATS-§, as-
suming that the geneval features (such as plasma
temperatures plus time scales for changes) of the
environments seen by the two spacecraft ave silmfilav.
Based on the statistilcal results noted earlier 2)
this assumption secems reasonable to within a Ffactov
of 2.

With the three expectations itemiszed above in
wind, ATS-5 and A18-6 data were coxamined with par-
ticular attention to time history of daylight charg-
Ing events, evidence of differential charging, and
frequency and lavel of chargiug for ATS-5. It was
felt that the work veported in reference 3 gave a
good estimate of frequency and level of daylight
charging for AtS-6.

A, ALS-6 Resulbs

To establish a baseline for cowparing time his-
tories of chavging fn eclipse and in sunlight, an
injection of kilovolt plasma occurring in eclipse
was sought. Such an aevent oceurred on April 1, 1975
(day of year 91 of 1975). The particle data from
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the UCSC North-South detestor for this eveant is
shown in gpectrogram format in figure 16. The
spectrogram 18 essentially an energy varsus time
plot for electroans (top) and fons (bottom), with
count rate of particles arvrviving at the detector
indicated by intensity. The ve. .. donship of count
rate to intengity is indicated by the grey scale to
the right of the encrgy-time plot. In general, low
count rates vesult in dark aveas, and high count
rates are indicated by bright areas. Fora more de-
tatled deseription of this format, sce xeference 7.

On day 91 of 1975, AT1S~6 entered cclipse at
0549 UT (universal time). This is reflected in the
particle datn by the reduction in count rate of low
energy electrons at that tdme. These low energy
eclectrons are photoclectrons crngpod by a potential
barrier around the spacecraft. At about 0625,
an injection event occurred. The spacecraft re-
sponded by chavging quickly to about -2000 V, as
indicated by the change in the foun spectrum. The
bright band of ions represents low energy ions ace
celerated through the spacecraft's potential, and
thus indicates the spacecraft's potential. The
time history of the spacecraft's potential during
this ovent is shown in figure 17 on a lincar scale.
This [igure shows clearly the almost immediate
charging respouse when the injection occurred.
Within a minttae, the spacegralt potentlal changed
from near zero to aboubt =2000 V. Thus, as antlei-
pated, eclipse charging oceurs quickly.

Daylight chavging of ATS-6 occurs quite fre-
quently; the spacecraft was observed to be charged
more than 50% of the time in the wmidnight to dawm
local time quadrant. A review of spectrograms
of dayllight charging events indicates two features
in agrecoment with expectations. Fivst, daylight
charging occurs slowly. ‘Pdmes of 15 ce 60 minutes
for the charging transient ave typleal. Second,
daylight chavging cvents ave accompuanled by changes
. the height of the petential haryier around the
spacecralt, which is roflected in chanpes in the
low energy clectron spoctra.  The barrier becomes
higher just before echavging of the structure com-
mences, and remains high during charging events., A
collection of spectrograms, many of which show day-
Light charging of ATS=6 is published in reference 9.

An example of daylight charging response is
shown in f[igure 18 in spectrogram format., Shown
are data from the North-South detector on July 22
of 1974 (day of yeaxr 203 of 1974). An injection
occurred at about 0740 UT. The boundary of the
bright band of low energy clectrons, itudicating the
height of the potential barrier, increases in en-
orgy, and the spaceecralt potential (dndicated by the
buight rim of ions) goes negative te about =340 v,
with discarnable slope, even in the 24-hour spec-
togram, Figure 19 shows the barrier helght and
spacecraft potontial on a linear energy scale dur-
ing this event, As can be seen from the figure,
the barrler helght iuncreases to abouk 50 V several
minutes before charging of the structure begins;
the barrier height vises to about 100 V and is main-
tadned at about that level during wost of the cvent.
The structure potencial becowes negative velutively
slowly, veaching about =340 V after some 40 minutes
of charging. The electron tomperature of the en-
vironment calceulated From

kg = 2 Particle Llux M
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was constant during this time perivd; from 0900 to
1000, the spacecraft potential decreased approxi-
mately linearly with the decreasing electron tem
perature. 1 Thus ATS-6 charres much more slowly
in sunlight than in eclipse, amd sunlight charging
is accompanied by differential charging, as indi-
cated by the increase fn the height of the poten-
tial barrier.

B, ALS-3 Resulty

ATS-5 gpectrograms for the period July 1969
through June 1971 were reviewed to identify day-
light charging events. A total of 45 such ecvents
were found. Duratlons ranped from abott 10 minutes
to about 4 hours. The most negative potential re-
corded was -400 V. Distributing the events in 15-
minute segments of loeal time indicated that day-
light charging for ATS-5 occurs mostly in the mid-
night to dawn local time quadrant., ‘This {s simi-
lar to the ATS-6 case. However, for ALS-5, day-
light charging occurred only about 2% of the time,
even in this quadrant. Allowing for the fact that
the ATS-5 particle detectors caunot detect charging
of magnitude less than 50 V, and that about half
the ATS~6 daylight charging events were to poten—
tials of less magnltude than this, ATS-6 was charged
to >50 V about 20Z to 25% of the time In that local
time quadrant, compared to the 28 for ATS-5. Clear-
1y, A1$8-5 charges less frequently, and to smaller
potentials than does AYLS-6.

Differential charging on ATS-5 is evidenced by
a cutoff of the }gw energy electron data in the par-
allel detector. (¥ fThe parallel detector is inside
one of the cavities on AlS-5 (see [ip. 1) looking
parallel to the cylinder axis. This cutoff was first
identified ns a charging effect by DeForest. (4)  1In
the review of ATS-5 data it was observed that day-
light charging of this spacecraft was always pre-
ceded and accompanied by this signature in the low
energy electron data taken by the parallel detec-
tor. Figure 20 shows data from this detector on
day 327 of 1970 (Nov. 23). At about 0600 UT the cn-
vironment gradually becomes more active; startingat
about 0630, the cutoff of low energy electrons be-
comes evident as a reductilon in the spectrogram's
intensity. The energy edge of this cutoff rises
slowly until about 1000, then gradually falls to
zero by about 1700. The bright band of ifons indi-
cating spacecraft potential also appears in this
data, but it is more casily seen in the data from
the perpendicular detector, which is not complica-
ted by local charging effects in the cavity. The
perpendicular detector data for this event is shown
in figure 21, again in spectrogram format. This
Figure shows that the spacecraft was charged to
more than 50 V negative from about 0720 to 1200 on
this day. 'The energy edge of the electron cutofl
in the parallel detector and the spacecraft poten—
tial as determined from the perpendiculaxr fon data
are plotted on a linear scale in [igure 22 for the
time period 0700 to 1200. By 0700, the electron
energy cutoff was about 500 eV; it reached about
750 eV before the spacecraft potential veached
=50 V. The cutoff energy continued to increase as
the spacecraft's negative potential increased, then
began to fall off as the spacecraft's negative po-
tential decreased to below 50 V at the end of the
event. This was one of the longest daylight charg-
ing events for ATS-5; the most negative spacecraflt
potential recorded during the event was -390 V,
around 1000. 1Its basic characteristilcs, however,
are typical of ALS-5 charging events.

V. Summary and Conclusions

A computer study using the NASCAP code was
performed to identify the basic characteristics of
daylight charging, and the importance of various
configuration features in determining daylight
charging response. AlS-5 and AI1S-6 flight data
were examined to determine whether the computer
predictions were supported by flight data,

Findings of the computer study vere that day-
1ight charging 18 essentially a differential charg-
ing effect. 1In consequence, daylight charging is
expected to occur much more slowly than eclipse
charging, and be accompanicd by evidence of differ~
ential charging. A conclusion to be drawn here is
that a spacecraft with completely conducting sur-
faces is unlikely ever to experience daylight
charging.

Because daylight charging occurs so slowly,
caleulation of equilibrium potentials for a given
set of environmental conditions will not give an
accurate indication of charging response. It is
unlikely that the environment will remain constant
long enough for equilibrium to be reached. Also,
beecause daylight charging response is dominated by
the effect of potential barriers which suppress
photoelectron emission, any calculation of response
which does not account for such barriers will give
incorrect results. Therefore, prediction of day-
light charging response requires multidimensional,
time-dependent calculations.

Configuration features important to daylight
charging response were type of stabilization and
cverall geometry. Size, cavitles, and presence of
a small despun antenna had little effect on overall
charging response, although the latter two have
significant iwpact on local differential charging.
Thelr fmportance also could be increased In the
presence of ficld aligned fluxes.

The ATS-5 and ATS-6 data ave entirely consis-
tent with the computer predictilons, Daylight
charging 1s slow, and is accompanied by differen-
tial charging. ATS-5 charges less frequently, to
lower potentials and probably more slowly than
ATS-6. An interesting aspect of the daylight charg-
ing of ATS-5 is that no charging has been observed
during the summer wonths (ref. 4 and this review of
data). DeForest (4) supgested the possibillity of
same environmental diffexence at the ATS-5 orbital
location. The present study indicates another pos—
sible reason: perhaps the cavity on the end oppo-
site to the parallel detector has mostly conductive
inside surfaces, so that no differential charging
can occur there. Given that absolute charging of
ATS-5 was always accompanied by evidence of dif-
ferential charging in the parallel detector, the
latter explanation seoms quite plausible.
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TABLE I. = SPACECRAFT CHARACTERISTICS SUMMARY

Launch (technolaogy) AT1S-5 ATS-6

1969 1974

Attitude control

Exterior surface Quartz, paint Kapton, aluminum,
quartz, silicon,
paint

Characteristic dimension | 2 m 10m

Geometry Cylindrical Extended

Spin stabilized | 3-Axis stabilized

TABLE IT, - SUMMARY OF CONFIGURATION STUDY RUNS

Configuration Comparisons made
feature
Stabilization | Object 1: Spinning versus 3-axis stabllized
Object 2:  Spinning versus 3-axis stabilized
Object 3: Spinning versus 3-axis stabilized
Object 3: Spinning versus Object 4 (effect of despun antenna)
Size Object 1: Mesh size = 0.1 versus mesh size = 0.5
Geometry Large Object 1 versus Object 5 (compact versus extended)
Object 1 versus Object 2 {effect of end cavitdies)
Object 2 versus Object 3 (distribution of exposed metal)

TABLE IIT. - POTENTIALS AND STRESSES AFTER 30 MINUTES

OF CHARGING SUN AT (1,0,0)

Object Spinning 3-Axis stabilized
numher N b a b
bge | S“V”/‘“;fs’ bgr | Opp S‘;,r/fuss’
v v v v
. 1 -380 | -1360 | 9.8x10%| -g70 | -1880 | 9.1x108
2 | -390 -1360 | 9.7x10%| -gs0 | -1880 | 9.0x108
3 -310 | -1330 | L.ox10’| -780 | -1710 | 9.3x108
) 4 -370 | -1350 | 9.8x10%
5 SR (NI, ~1440 | -2300 | 8.6x10°
a

b

¢S = gtructure potential.

¢DI = potentlal of shaded insulator.

)

e

St age st e



UCSD PLASMA

VIEWING CONE
MAGNETOMETER
(BOOM IN Z-AXIS)

SOLAR PRESSURE
BALANCE RING
N

h
SOLAR PANELS ..\,

THERMAL -
CONTROL - 3‘%??. AURORAL
EXPERIMENT - .. J ARTICLE!
EQUIPMENT 1 o N EXPERIMENT
BAY ke

R
ION ENGINE”™ |

EXPERIMENT Yo

(sECoNDION il A goian

ENGINE ON :

GPPOSITE SIDE PANEL N

NOT SHOWN) UCSD PLASMA
VIEWING CONE

Figure 1, - ATS-5 orbital configuration,

UCSD AURORAL
PARTICLES EXPERIMENT
EAST-WEST SENSOR
HEAD

MAGNETOMETER ENVIRONMENTAL

MONITOR EXPERIMENT
SOLAR PANEL, Pl
(ONE OF TWO) -

PARABOLIC
ION ENGINE REFLECTOR
SOUTH FACE

ION ENGINE
(NORTH FACE)

(HIDDERN)
£y .
¥ (NORTH)/ | T

+Z (EARTH)
Figure 2, - ATS-6 orbital confitsration,

K



DESCRIPTION

GEOMETRY: OCTAGON WITH END CAVITIES,
RAISED QCTAGONS IN CAVITIES,
2 CELL BELLY BAND, SCATTERED
METAL PATCHES

SIZES: SMALL - MESH SIZE = 0.1 m (OVERALL AZ =1.6 m)
LARGE - MESH SIZE = 0.5 m (OVERALL AZ = 2.0 m}

STABILIZATION: SPINNING AROUND Z AXIS
3 AXIS STABILIZED
MATERIAL LEGEND

1 INSULATOR
E MIAL

Figure 3, = Object 1 (ATS-5 modei object)
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DESCRIPTION

GEOMETRY: OCTAGON, 2 CELL METAL BELLY BAND,
SCATTERED METAL PATCHES
(OBJECT 1 WITHOUT CAVITIES)
SIZE: SMALL - MESH SIZE =0.1 m (OVERALL AZ =1.6 m)
STABILIZATION: SPINNING AROUND Z AXIS
3 AXIS STABILIZED
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B meTAL

Figure 4, - Object 2.
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Figure 5, - Object 3,

DESCRIPTION

GEOMETRY: OCTAGON, 4 CELL METAL BELLY BAND,
SMALLER OCTAGON ATOP (TO REPRESENT ANTENNA)
(OBJECT 3 WITH ANTENNA)

% SIZE: SMALL, MESH SIZE = 0.1 m (OVERALL AZ = 2.5 m,

i éﬁi.. AZ OF BODY = 1.6 m)

iy . STABILIZATION: SPINNING AROUND Z AXIS WITH
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Figure 6. - Object 4.
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GEOMEkY; CENTER OCTAGON WITH 2 RECTANGULAR
"WINGS, "' METAL PATCHES ON BCDY
AND SUN-FACING SIDE OF WINGS
SIZE; LARGE, MESH SIZE = 0,3 i, (UVERALL AZ =8,4m,
CCTAGON DIMENSION, 1.8 m}
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Figure 7, - Object 5,

OBJECT 1, MAXWELLIAN ENVIRONMENT: KTo = 5 keV, KT} = 10 keV, 7, = nj = 0 2lcc
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Figure 15, - Potentiai contours after 21 minutes of charging.
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Figure 21. - ATS-5 daylight charging data, perpendicular detector
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