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Satellite@ come id a variety of sizes ahd cbrifigur8tibn8 including spinning 
8atollite@ and thre&-iixie stabillzed satellites. A l l  of these characterigtihs have a 
@ighific%nt effect bn $pateeraft charging conliderations. 
certain fundrmeatals which can be tonsidered which indicate the nature and ezteht 
bf the prablem . 

The glbbal pbeitionfng eyetem eatellite W i l l  aertre to illUt3trate certain charac- 
terietice. Each of .the Mi0 solar panel6 hag the potential for chacging and dilcharg- 

tell@. 
bf multiple layer theftha1 blankets which are tfiically ebbut 2 Mil& of dielectfic; 

There are ,  how ever, 

i 
3 
i tng on the front eurface whith CbnBbtB bf 12 mils of cover glass over the eolbr 

The bbdy bf the spatetrlrft ha8 a variety of surfaces. Sbme areas cod8llt i 
1 

eucf Pi3 Kaptbtr bn the outer surface with a layer of vaeiruni depo8itetl aluminum or 
bilvet dii the back surface. Anbther pbrtiori 6f the ticdy ha& panel6 df second au r -  
face mirrors which &re hpptoxifnLtely 2 Mile  of Cover glace backed by a thin layer 
blt alumiilum or silver. each of these 8ur'faceB becorries 0 rapacltar *tieit etectronb 
are depds1te.d iSil or sear the frirnt dielectric surface. 

td the brlecrkdowd Witage and thed punch throueh the dielectric and/or diEichaP&e 
arairdd the periphery. "he ptidclpie e h c t  id tu induce $purious eigne16 in the 
cablee between dectradlc boxes *Ith the poe6tbiiitg of rlp6btttng the electronic6 dr 

As others have indicated, under) certaid carldltiodb ttiede stirface6 w i l l  chafge 
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burrllng them out. With the exccptloi. af twb pobsible caSe6, our problems have 
beerl with upset rather than burnout. T'hese prbblclms range a.1 the Way froni the 
rluisance of having to reset  the Batellita han l  the ground to cases whePe the 8atc.l- 
lite was almost lost before necesbary diagnosiB and rccommtind could be acci"  
pliehed.. The three bbvicius way& bf eliminating this prbblem a re  to 

(1) plimirlatk the charging/dischargirlg, 
(2) prevent signal coupling into cables by RF shielding of cables and/br 

(3) design electronics Which a r e  immune tb upsiet. 
Although technology developmerits may result in materials which eli%-iiriate the 

charge/discharge problem, these a r e  dot currently available. and we muat use 
other techniques at thil  time. Utilizirlg rf stiielding may regult in a greater weigik 
increase than i6 practical or tlece$#ary. The prefersncc. at this time i z  io desigd 
irrimunity into the electronics. In general. there i:s nb particular weight increase 
and ih the case of military satellite&. which are ha rdked  fbr nuclear effects, the 
same design fixel may protect the satellite from x-ray ionl2htion. SGEMP, EMP 
and Spacecraft charging. 

Such fixes can be ba6ed od pulse amplitude o r  pulSe duratibn. For! a variety 
of reasons, it ia pceferable to deaigd fixes based oh pulse duration. Fbrtunately, 
the pulge duration of these effects is siltiilar. 

In additiorl to designing protection into the Batellite, it i l  desirable to cbndudt 
tests to verify the fixes. 
from testing an entire satellite in a vacuum chamber while Bubjecting it to a plasma 
all the way dowd to movirig a Teela-coil along the spacecraft cablee and monitoring 
for upset. 

impact on the program. 
Bmallest impact. 
the standpoint bf signal amplitude and couplinlf chafacteri8tictil. 

ambient edtiirdnrrient while &ibgecting i t  tb gimulated diseherge8 and monltdring the 
eatcllite operation with the teat equipment. 

IH an actual ca6e, the digcharge w i l l  be di8tffbuted over same portion of e 
surface and febult tn both a radiated field which can couple into electric cablee and 
also a current which flowe through the structure and groundfdg paths of the satel- 
lite. This latter curfent a166 can couple irlta cdbled which a t e  neat proudding 
paths such as structural members. Dire to difficultlel in obtaining a dibchergte 
over a large area, otw current thtnking is ili term$ at usln$ ei pbffit Bourcc! dta- 
charge arid grounding tb the nearest ground point in ati effdrt ta siMu1rite bath 
radtated and cariducttng conditions. It is further adticipeted that the diecharge 

satellite housing, and 

There i B  a wide range uf testing pcildibilities ranging 

The f i r d t  possibility ha& the disadvantage bf relatively high cbst and schedule 
The becond pbllibility i1 thP-Mobt convenierit and has the 

However, it is  difficult to achieve realistic simulatibhe from 

Our current thinking is in terms of testing an entire operating Batellit(! in an 
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would be lbCRtt?d at varIbldl3 potnts neat  the center and periphery oi capacitlve 
surfaces. 

The prtflctple gfoblem tn conriectton with thte testtng is knowing how large a 
8UrfBce w i l l  discharge. Tests conducted by NASA -Lewib on thermal blrrdliet8, 
aalclr arrays, Bnd Becot,d surface mirror8 iddicate that areas  Up to 6t least 1 eq 
ft may discharge at olle ttnie with a pulde duration of approximately 400 neec. 
Tests have not been mgde with larger areaa. We have setel1lted with CIolllr arrays 
greater than 106 dq,  ft in area end with thermal blankets gr'eBteC thad 100 sq. ft. 
If ode consider8 the capacitance of euch surfaces, the breakdown voltage (whtth id 
typtcally around BOOO), assumes that the pulee width remains db greater than 
400 dse t  and that the entire surface discharges, the result  is a peak pulse of d 
approximately 100,c)OO A .  It gees without saying that 8uggesting S N h  a test to a 
program office on a multiniillibn dollar satellite w i l l  not result in irhmetliate 
approval. It is also true that there a re  reaeons to believe that We have riot been 
getting discharges of total capacitor Burface$ in current satellite& or  w e  would 
have had much mor& trouble with burning out electronic@. Our interim thinking in 
this area is to a ~ ~ u m e  digcharge of atear; no greater thad. 10 sq. ft and to Also 
a8Bume that if the area increages frbm 1 8q. it tb 10 Sq. ft, the pulse duratibn 
increasee prbportiohhtely. Therefore, a typical test would result in pulses of 
lbbb A with a 400 n$ec tb 4 Usec duration and B breakdown vbltage of apprbxlmBtely 
8606. 
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