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1. System Aspects of Spacecraft Charging

S.P. Bower
The Aerospace Comordtion
El Segunds, Calif.

Satellites COME id a variety of sizes ahd codfigurationd including spinning
gatellites and three-axls stabilized satellites. A1l of these characterigtics have a
significant effect on spacecraft charging considsrations. There are, however,
certain fundarentals which can bé considered which indicate the nature and extent
of the problent .

The glbbal positioning eyetem gatellite will gerve to illugtrate certain charac-
teristics, [Each of the two Solar panels has the potential for charging and dlscharg-
tng on the front eurface which consists bf 12 mils of cover glass over the solar
eells. The bbdy &f the spacecraft ha8 a variety of surfaces. Shme areas congist
of multiple layer thermal blankets which are typically about 2 mils of dielectric
such as Kapton on the outer surface with a layer of vaenurn depostted aluminum or
silyer o1 the back surface. Anbther gortion of the bedy hag panels of second aur-
tace mirrors which are approximiately 2 mils of Cover glass backed by a thin layer
of alumiinum or silver. each of these gurfaced becorries & sapacttsr when electrons
are deposited on or near the front dielectric surface.

As others have indicated, under) cértaini corditioris thege surfaces will chafge
to the breakdown voltage and thed punch thfough the dielectric and/or discharge
around the periphery. The prirciple effect 18 to induce gpurious éignalg in the
cables between electroric boxes with the posstbiitty of upsetting the eléctronice of
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burding them out. With the exception af two possible cased, our problems have
beerl with upset rather than burnout. These problems range a.l the Way froni the
nuisance of having to reset the satellite from thie ground to cases where the gatcl-
lite was almost lost before necessary diagnosi# and #écommand could be accom-
plished.. The three obvicus ways of eliminating this prbblem aré to

(1) eliminate the charging/discharging,

(2) prevent signal coupling into cables by RF shielding of cables and/or
satellite housing, and

(3) design electronics Which are immune to upset.

Although technology developrierits may result in materials which elivainate the
chatge/discharge problem, these aré dot currently available. and we must use
other techniques at thil time. Utilizing rf stiielding may result in a greater weigiit
increase than is practical or necesgary. The preferzace at this time ie to desigd
imrunity into the electronics. In general. there is nb particular weight increase
and in the case of military satellite¢., which are hardéned fbr nuclear effects, the
same design fixés may protect the satellite from x-ray tonlzation, SGEMP, EMP
and Spacecraft charging.

Such fixes can be based od pulse amplitude or pulse duratibn. For! a variety
of reasons, it ic prefepable to dedign fixes based 6n pulse duration. Fortunately,
the pulge duration of these effects IS similar.

In additior to designing protection into thé Batellite, it is desirable to condudt
tests to verify the fixeg. There iz a wide range of testing posdibilities ranging
from testing an entire satellite in a vacuum chamber while 8ubjecting it to a plasma
all the way down to movirg a Teela-coil along the spacecraft cables and monitoring
for upset.

The first possibility has the disadvantage of relatively high cbst and schedule
impact on the program. The second pogsibility i¢ the.most conveniert and has the
smallest impact. However, it is difficult to achieve realistic gimulatiohs from
the standpoint of signal amplitude and couplifig characteristics.

Our current thinking IS in terms of testing an entire operating gatell{té in an
ambient environment while subjecting it tb gimulated discharges and monitoring the
gatellité operation with the test equipment.

It an actual cage, the digcharge will be distribtited over sonié portion of e
surface and result in both a radiated field which <&n couple into electric cablee and
also a current which flows through the structure and grounditg paths of the satel-
lite. This latter curfent algo can couple ints cables which are near grounding
paths such as structural members. Dué to difficultied in obtaining a dlscharge
over 4 large area, otr current thinkirig is in tertns of using « polnt source dig-
charge arid grounding tb the nearest ground point in ati effdrt ta stinulate bath
radtated and csrducting conditions. It @s further atticipated that the diecharge
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would be loc¢ated at varidug potnts neat the center and periphery of capacitive
surfaces.

The prifciple problem in connection with this testing is knowing how large &
surface will discharge. Tests conducted by NASA -Léwis on thermal Bladkets,
sblar arrays, and gecond surface mirrors indicate that areas Up to &t least ! sq
ft may discharge at one tim& with a pulde duration of approximately 400 ngéc.
Tests have not been made with larger areag, We have satellites with solar arrays
greater than 100 eq. ftin area and with thermal blankets greater thad 100 sg. ft.
If otie consider8 the capacitance of euch surfaces, the breakdown voltage (which is
typically around 8000), assumes that the pulse width remains rie greater than
400 nsec and that the entire surface discharges, the result is a péak pulse of &
approximately 100,000 A. It goes without gaying that suggesting ¢uch a testto a
program office on a multimillion dollar satellite will not result in {rnmediate
approval. It is also true that there are reagons to believe that we have riot been
getting discharges of tetal capacitor surfaces In current satellite&or we would
have had much more trouble with burning out électrontics. Qur interim thinking in
this area is to assume digcharge of areas no greater thad. 10 ¢q. ft and to also
agsgume that if the area increases from 1&q. ft tb 108g. ft, the pulse duration
increases proportionately. Therefore, a typical test would result in pulses of

1000 A with a 400 nsec to 4 Usec duration and & breakdown vbltage of approximately
8000.
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