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10. Spacecraft Charging Arwmcilies on the 
OSCS 111, ldrrqth 2 Satellites 

Abrtrt l tt  

Six diffekerit types of anomalous events have occurred on two DSCS II sntt-llites. 
The total mmber  of events, over 100, and the long operational period, nearly 3 
years, pWmits some statistical analyses to be performed. Correlation of occur- 
rences of particular types of anomalies with equinoxes and seasons of the year a r e  
considtent with a spacecraft charging model. On the other hand, an interesting 
correlatiafi of occurrences with days b J f  the week has been found. Finally, a long 
term dimiridion iri the frequency of occurrcncc OF events has been observed, and 
is discussed in terms of environmental activity, material degradatiens and the need 
for inore data. 

I .  IVTROD~~CTIOS 

The DSCS I1 Laitnch 2 satellites, 8433 aAd 9434, Were launched on 13 Decenibei- 
1973 and nearly 3 years of operational data art  now available For these two geo- 

syrichronous orbit spacecraft. Flgure 1 shows the lonqttudes O F  the two satellttes 
from initial orbit lnsertion to final operating posit:ons, oce over the Atlantic and 
the other over the Pacific Ocean. Also  shown are the occurrences of the  anomalous 
events duping the Pirdt Pew months. over the 33 month period sincc- launch. over 
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Figure 1. 943319434 Orbital Position 

166 anomalous events have been.bbserved. These events, rather than being of a 
si.hgle type, have been manifested in sit different types of ahamtali& oCeurri. g in 
different locations oh the spheecraft I s  le11 as in affenting different opertitiig 
circuits at these lbcations. 

The eohcludions to 'le drawn from the results to be presented itl this paper a r e  
that much further ddrk ,  both in the Labbratory and in orbit, needs to be performed 
in the areas of spaeecrak design and immunity verification testing. Studies that 
should be implemented run the gamut of materials' characterizations tb analysis 
and test of dpecifiic spacecraft configurations. FinBIly, simplified in-flight moni- 
toring of charging/discharging in the hbusekeeping telemetry of all. getsynchronous 
satellites W O U ! ~  serve as an invaluable diagnostic in the eventuality that anomalous 
events do occdr. Otir experience bn the l7SC.S sathll{tes has beeri that a great deal 
of effort wad required to identify the sixirchs, bt anbmalbus behgdor, whether 
internal o r  due to the ambibnt environment. '-' In the final anIlys{s, in cpite of 
cbncetitrated "detective work, " dome oC th8 conclusions that the environment *.vas 
the most likely eausativb source were arrived at by an elimlnatibn proeess rather 
than by a mbrc direct apprbach b6cause of the lack of dlagzllastk data. 
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The fil'st type of anbmalbds bbhwiar, the ailomBlous firing of the reset gen- 
erator assembly (IIaA upsets), was evidenced art the LawuiCh 1 paif. of satellites. 
Analysis of these events by Fr'edribks and Scarf' led to the first realizatim th8t 
these everits were related to the hot plasma environment of the geosynehmnous 
orbit Pather than to any ihternal malfunction within the spacecraft itself. Once 
identified, these anomalies were eliminated ori the Launch 2 payloads by appropri- 
ate i'edesig'n except for a sir.gle r&bccurren&e which &an be accounted for by the 
galactic cbsmic ray environment. Figure 2 is ad ekploded dut-away view of the 
spacecraft. On top is the despuri section containing the communications antenna 
array and most of the associated electrical hardware. "Despirining" permits the 
antennas to be cbntiriuously pnilited towards the earth while the main spinning 
portion provides attitude stability. The spin axis is oriented tb be parallel to the 
earfils polar rotational axis. The &ylindrical outer shell of the spinriirlg section is 

covered in with sblar cells in eight sections o r  panels. On the spinning platform 
a r e  locaLed the supportive electrical hardware such as the power conditibning, 

housekeeping telemetry, and attitude control subsystems. The RGA associated 
circuitry is also lbcated ori the spinnihg platform. 

F1gbi.C 2. SS%S II Cuiifiguration 
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With tha desprin platform La place, the only achess path9 for ambWnt olasma 
aild s d t g h t  ihto the spttinihp; platfor& cavity are the BMu15r bgening oh tbp be- 
tween the splrinliig &hd despun sections, etkht slits be twen  solar alcray pahels, 
and p6rtholes used for sehSdr$ and for attitude control thrtist0f.s La fbut bC the 
solar atray pane&. The pressuke transducer whkh Called during the flrst eqltinok 
season on Flight 4 (9434) is also located on the dplnjnhg platfornl as ia the hard- 
ware assoclated with the $pin type anomalies ('IS''). The "S" evetits are ais& 
equiiicut related. A l l  of the remaining tjtpcs 6f amnialtes, the anbm&lo\ls activation 
of the Twdel  Diode 4E,,,ipl?iicr Logic, power cohverter switching and gimbal reset 
(the "T, 'I "C" and Gimbal &noma!it?s) are asc?bciated with circuitl contained in an 
electronic unit located on the upper disprin platforni. 

ducei.. were the result of the upsetting of the state of bislfable logic circuits, flip- 
flaps, which could be caused by a r c  diseharges in the neap viciriity of the relevant 
electr!cal hardware. The ability of simulated a r c  discharges to cause all of the 
observed varieties of logie upsets has been demonstrated on a prototype (qua l ika -  
tion model) spaceeraft. It has been demonstrated thai it is the coupling of a r c  
discharges tb the lines entering the various electronic bbxes via the cbnnector 
which Chuses the logic eircuit upsets rather than afiy electromagnetic signals 
entering through the walls of the boxCB, In the cage of the pregmre tcansducer, 
i t  W113 determined that nearby ai-c discharges could Cadge it8 fai!ure in the manner 
sbserved in brbit. The failure mbde is bne in Which the BehBor doe9 not recover, 
and thepefore ochurs only as a me-time event. 

serioud, having tb do with the spacecraft spin or despin rate control. After the 
fburth S-everit, false command coun te r~e8sures  were instituted. Thus, the prob- 
lem was solved bperatianally, but at the same time the sblution elkninated the 
pbdsibility of bbtaining addltibnal data of the type discussed here. 

A l l  of the anomalous behapior observed, aside frbiti that of the pressure tram- 

Of all of the various types of anomalies, the 'IS" were the pdtentially tnbst 

The geolfiabetic activity indices, the daily A -Index from Anchbrage, Alaska 
and FrCderlcksburg, Virghia are the most eiistly Accessible hePsure of disturb- 
anees in the geomagtietic field. The relationship between geblnagnet tc substarms, 
the resultink hot pltisma environment at  synchronous o M t  altitudes, arid grbuad- 
based measurements is ti subject of current redearch. Figures 3-5 are plots of 
these A-Iadices over the: 33 month pdrlod froin 18ilrich to the present. The occur- 
renee of anomalous events are.shbwri cit the tcsp of thesi) figures wlth a 24 hr  verti- 
cal scale of local time. The t@e ot rlnonscriy arid spaeecfaft, 9433 ur 9434, ape 
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Figure 3.  Timing of Events on Flights 3 arid 4 and the Daily A-Indices From 
Fredericksburg and Anchorage For 1974 

Flgure 4. Timing of Events on t7lil[t.c>. 3 nrd 4 and the Daily A-Indice: From 
Frederlcksbufg and Anchorage Tor 11(7> 
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Figure 5. Timing of Events on Flights 3 and-4-and the Daily A-Indices From 
Fredericksburg and Anchroage for 1976 

identified All of the events are listed with greater detail in tabular form in 
Appetidix A. The following features are most prbminent in F’i&We.4 3-5: 

(1) There is no obvious corPelatioh ohvent  bceurrences with the A-Indices. 
(2) The rate at which anothalies Occur decreases with time. 
(3) There art! no obvious preferred local times bf bccurrente. 

The first feature, which is the subject of this section, will  be discussed now and .--- 
the ather points wi l l  be discussed in follbt&h~g sectitns. 

The Freder ickahrg A -1ndel generally shows a lesser varfiability as well as 
smaller magnitudes tis compared to the Anehurage index. W e  way surmize that 
if  the ltltter. statibn, whith is more closely related t6 the gebsynckrbnous orbit, 
had been lbctitetl elactly at the I’ fobtprfnt” bf the gebmagnetic field h e  passidg 
through one of the satellite posithns, a much better correlcitton with the occurrence 
bt anbmartes would haw: been obtained. It should b8 noted, hbtkever, thiit the 
ground .podMan bf the fbotprint associBted With a particular geodgndhronoub longi- 
tude is dubjeet to large seasonal and geom@netic storm induced varigtions bekaiise 
the gebqmkhrbnbus altitude ts Close t6 the magnetosph6ric tiouridmy. Geortlagnetic 
subdtorrrid, with which the presence of hot plasma and the dearth of cold pdaai;..o 
is associated, are generaily short-lived (approximately 0.1-1. b hr), and are 
localized in longitude as well as in latitude or altttude. Being located at a lower 
latitude, the Freddrfcksbhrg station’s A-Index should b;e expected to give a better 
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Indication of geomagntStic atttvky over it11 longitudes. 1' $3 for this reason that 
thi& indek is used h the i'ollbwtng statlstkCL1 analyses. 

Frederkksbuhg ocCurred during the 33 month period. Each codsecutlve 7 day 
period WAS averaged to give B single data poidt, arid thi? A-Index resolution was 
fimited.to multiples of fouli. Figure G(b) shows the number of anomalies, which 
occurred in each A-Index grbup. Figure fXc) is a histogram of Figure 6(b) divtdsd 
by Figure fda) for etch A-group, giving a cbrrected anomaly distribution which 
would be obtained if the A-Indices had been equally probable rather than as  id 

Figdre 6b) .  Figure 6(c) shows a generally increasing trend in which the number 
of anomalies increased with the A-Index. The bars in Figure 6(c) have been broken 
.to\kfi to show the individual contributions of the "T, I' "C" and "S' type anomalies. 
TI..? figure does not show any dramatic threshold effect except for the .'!SI' anomalic;. 
The tact that a significant number of events occuPrcd at low A-Index valws (4 to 8 )  

is a conVifieing armmelit for  libt pupsuing the correlation further iti such a crude 
manner. 

a11 foor of these events did occur on A-Indeg peaks. Why they occurred on only 
one spakecrak aad only in the fall equinox is not clear. This question of why 
events ocdurrhg on one spacecraft are not correlated With those on the other is 
unanswered. One possibility is the existence of configurational differences in the 
sense of spacecraft charging, (grounding of thermal blankets, thickness of vacuum 

der ,sited aluminum) of two spacecraft which are ostensibly ideatical. The other 
possibility is that there id b statistikal variation in geosynchronous orbit environ- 
merits. Figure 7 shows the geomagnetic latitude variation with geographic lorfgi- 
tude. Spacecraft 9434 i s a t  -5' Sowh and 9433 is at + 6 . 5 O  North. The two  space- 
craft a r e  located at sLightly diffkrent L, B points. Lyans &t al,' for exampleD 
show that energetic particle populaliods and their pftch angle. distrlbulion- are 
expected to vary greatlv with magnetic L, B values. 

Figure Na) shows the number of times that each value of A-fnclex at 

Inspectibn.of Figure 3 for the "$ anomalied which bccurred in 1974 show that 

835 

b 



7 

.i T I 1 
I 

a) blSfRlslrflbN OF DAILY A ~ N D W  M a R E N C E S  

5oA 

a- 

30 - 
20- 

10 

00'- 8 16 24 32 

- 
I I 

A-INDEX 

ii 1.0 

OO '' A-INDEX " e 
n 8 

Figure ti. r)lstrlbutions of Anomalies Ver*us 
Frederlcksburg A-Index (7-day Averages) 
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Figure 7. Geosynchronous Orbit Magnetic Latitude Versus Geographic Longitude 

As mentiohed previously, "SI' anomalies have been internally Couritermtinded 
so that they cannot bccur since the fa11 of 1974. Both the "S' anomalies dUrlng the 

fall equinox add the piessure transducer fallur6 on spa&crhft 9434 duriiip; the 
sptiag eqdnort of 1974 are consistent.With the authbr's lo charging model predic - 
tibn of a large negativg sp&cWraft ground potential durfng the equinux when the 
metallic surface area of the spBcBcraft exposed to sunlight i d  at a minimum as 
shown in Figure 8(a). Frbnt FtguPe 3 for 1914 it may be seen that a 49 day peribd 
frbm February 11 tb April 7 Had no "TI' anomalies. Durtng: the 1974 fall equhax 
geason a silflilar peribd of 39 days lasted from Augwst 24 tb October 2 ertcept for a 
single event on September 23. "C" type anomtilles did nat beein until July 2b and 
stbpped occdrrldg on December 15, 1974. This type bf anomaly has been dhown 
tb be mope nearly attributable tb !ntitrdal CBuided thm atty of the others. Herb 
also, hadever, a 41 day period from September 3 to October 14 id vola of these 
anomalies, af the total of nine ahomalles occurfttig durin$ 1975, the two "Gimbal" 
anomalled occurfed oli' Malich 12 atrd 14, arid a 'IT" adomaly on March 31. Th&3e 
three events would tefrd to Ldvalldate the eqiilnox armnieiits frbrir the ctrarghg 
model analysis, although the total titimber of evetits Ls much smaller than lor the 
first year. During 1976 not a strigle anbmaly has been observed so far. 

. 
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Figtire 8. Seasbnal and Diurnal Variation of Metallic Sur- 
face Areas Exposed to Sunlight 

The cbmparfson of the timing of anbmalous everits with local time may be 
examined in Figure 9. The results published-by Ffedricks and Scar? on the 
analysis of anomalbus events on the Launch 1 DSCS satellites showed an excellent 
cbrrelatlon (19 odt of 23 events) with geomagnetic substarms. In particular the 
ocburrente of anomalies during the midnight/dawn sector of local ttme was very 
convincing evtdence of an environmental brigin. 'IC' anomalies occurring within 
an hour of any initial event have been eliminated In the statistics. Thls accounts 
for the fewef. number of events platted ln Figure 10 than a r e  listed i n  the Appendtx. 
The four "S" anomhlies, as In thetr A-Index correlatton wtth expected behavior, 
seerh tb meet the test of occurring dtlPihg the midntght/dawn local time sector. 
The "TI' and "C" ammaly distributions do not meet thts test although the mtdntght,! 
dawn sector &ems to be somewhat more favored, particularly uith the "C" 

anomall&. The most promtnent leaturer of the "T" anomaly distrlbution a r t  D 
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Figure 9. 
in Local Time 

Distribution of Anomalous Events on I3SL-S 

fatrly deep niinirnum near  1oc:il.noon arid slightly enhanced peak3 or "wings" a few 

houi-s before arid af ter  the dip. Figure 8(b) which shows the diurnal variation of 
the spacecraft metallic surface a r ea  exposed to sunlight also ha3 theie  features. 
The minimum around local rioon occurs when the despun antenna a r r ay  is  pointed 
away from the sun, and the dawn and dusk maxima occur when t h e  sunlight impinges 
brbadutde on the six waveytde struts in front of the two lard@ dish antCruias. At 
local inidntght the sunllght hits the waveguides directly on the narrower o f  its two- 

cross-sectional dimensions. The maxlnium/mlnlrrri-in lines on I.'iLwre H(n) fur the 
seasonal vatlatioh represent the f2XcUrEiiOhS due to the diurnal vat-iation. The lottcr 
i u  a slgnifkant fractlon o f  the former, especially durtng the  equinoxes. 
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SOME HOUkS LATER URbE b1ELKTRle 

IS tHkN AT +IOKV BEtAUSE 6 F  $Td& IS CLAMPED TO o vhn. SPACE& I 

CHARGE, SMALL DIELEcfRIC WILL u30 
GO TO +IOKV (Nij ITRE%) 

EVENING SECTOR COLD PLASMA 
ELEtlROblS OISCHARGE SMALL 
OlELECTRlt CAUSING HIGH $ness. 

Fiy.i.e 10. Hypotheticit1 M.echanhm fbr Genera.iori bf Afternoon/ 
Everiitig Time Scttor Arc Discharges 

The "TI' and "C" anomaly distributions suggest that a combination of environ- 
mental and spacecraft con€i$ciratlm/brientational faetbrs a r e  at work. The occur- 
rence of afternbon to evening even:s requires further discussion since the environ- 
ment in these sectors is not condusive to spacecraft charging. In the paper cn 
spacecraft charging models, it was pointed out that much of the outer dielect Ac 
surface materials &ere very good insulators and that leakage time constants could 
be in tho order of several days. With this charge storage methanism, it is pbssi- 
ble tb ConCeive of conftgcratbns id whiCh sUnlight applied to a dielectric sur'ace 
in the late afternoon could cause an increased dtf 'ess  and resulttng a r c  discharge 
at  that t h e . .  It is also possible Cor an bnhhhbed Cbld plasma envlrofimeiit such as  
the afternobn/eventng detached plasfna sector and PlasmapaUsC? bulge descritldd by 
Chilppell et all '  to selectlvely reduce the putentlal of a surface and to therefore 
Cause tt to nrc. Figwe l b  shows dhgrauhcitkallp haW the delayed a rc  d{seha-ges 
could oecur, 
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Figure f 1 ~ h u w s  tho diqtrlhuttan of ihc day.+ of occurrence of nriiornnlous bvsntri 
according tu the dny o f  the week .  Scparatc di.itrlbutiun-i for t11C Indtvirlual typed 
mi well R S  for al l  of them together a r e  >4hown. Thc Latlcr .pht)w* :I pcnk on Saturday 
and Sknday whleh is about three t imes the midhight mintniuri. Indlviducilly, t h e  
"T" arid "C" nnuma1k.r a l w  Ahow a weekend pen!<, hut the rnldwcek dips arc' 
more  nearly a half of the weekend p h k ,  arid the transition4 rrom day-to-day a r e  
not as smooth as for the corn' asite graph. The "S'' anomalies of which there were 
only fout., a r c  about as evedly distrtbuted as they c.oult1 be. o n  obtnining thi- >ut*- 
prising result, the! distributiod o f  Fredericksburg and Anthorage A-Indicc3 over 
the ent ire  period Was computed. The r-sults shown in Figure 11 have a maximum 
variability of 7 percent about the mean. A Friday o r  Sdurday peak i R  activity i7  

evident but the ratio of maximum to minimum is far lesa than for the anomalies. 
Discussions with E'. L. Scarf resulted in one possible explanation. . llc sug- 

gested that a reduked loading of the Canadian power system on weekends niight be 
contributing to the! selective depletion o f  the energetic particle population at @o- 
synehrodous altitudes. Ikllithrell et a l l 2  have de-jcribed magrletospheric b ' I A '  
waves which a r e  ihduted by the Canadiah power syi tern. They point out that Vf. l*  
radiated powers of less than 10 W could cause notic eabl t  maghetospheric signals 
and that harmbnies of the lOOU R l W  load of the Alcan Aluminum refineries should 
radiate considerably more power. I.'ra*er-Sniithl3 has analyzed many years  of 
geoniagnetic data and has concluded that an approximately I percent enhancehient 
exists in the A index on weekends, "which may reasonably be associated with the 
fact that power consumption is  lower (by 30 percent) on weekends." An alternative 
possibility that has been discussed with the spacecraft operational erigineer is  t h e  
possibility of increaded (or decreased) payload w a g &  on weekends resulting in 
thermal  power dissipation effects. The differential usage a s  well as thermal 
effects a r e  stated to not having been noticeably dependent on the day of the  week, 
although they have not been looked a t  in detail with the weekend effect in mind. 
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Figure 11. Distributiofi of Anomalous S3vents on DSCS 
FlIgHts 3 /4  With I)&y of the Week 
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Figure 12. Percent Deviation From Aveyage A -Indices, 
Novenibt?r 1973 -September 1976 

The most promirlent feature of Fiares 3-5 is that the frequency of occurrence 
of anomalies ha3 beed decreasing drastically with time. 
Fredbrickvburg A -Index smoothed and on a more cbmpressed time scale  covering 
the ent ire  33 month period since launch. The trend seems to be consistent with 
the sunspot cycle in that 1974 was in a decreasing phase, and 1976 is near  the 
sunspbt minimum. In this sense, the dec-ease in the number of anomalies might 
be corrbiated to the decrease in geomagnetic activity. Reference to Figure S(c), 
hothiever, shows that the amount of decrease in average A-Index, coupled with the 
fact that actual day-to-day variability is much greater  than any longer te rm aver-  
age, dbds not account for the decrease in the number of anomalies. 

Resul ts  of laboratory expeMmedts, of which Figure 14 from Hoffmaster, 
Idouye and S e l l i h ~ ' ~  is an dxainpfe, show that there a r e  many long te rm and pro- 
gressive effects which could accoudt for decreasing rate  of anomaly ocrurrences. 
Fi&ure 14 d h w s  the hysterettc effect of htgh energy particle bombardment In 
reducing bulk cohdUciivity. Anothef. t'eatukk observed in labroatory tests  is the 
burnoff of thln fllhlu of vacuum deposited aluminum on thermal blankets and second 
surface ml f ro r s  with each a r c  discharge. It is possible for the increased spark 
gap lendth to gPedually increase the arc bkeakdown threshold o r  for the carbonized 

Figure 13 shows the 
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Figure 13. Fredericksburg A-Inded Smoothed to Show Yearly Changes 

material to decrease the threshold for succeeding discharges. From the viea- 
point of an electrical circuit designer, thin film conductors are extremely poor 
devices because they a r e  d i f k u t t  to Connect to and a r e  electrically unstable in 
terms of point-to-point rcsistaace from handling and crhkling. Thermal and 
ultraviolet irradiation degradation effects on breakdown threshold have nbt been 
investikated. Many other long term effects on material and ;urlace characteris - 
tics such as photoemission and secondary emission need to be studled. mr vie& 
i s  that these long t&rm arld pt7gressive degradation effkcts a re  the cause of the 
long term decrease in the occutrence of anomalous events. 
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Figure 14. Eleetron Drainage Current Density as a FUnCtibtI ef 
Electrod Beam Aceeleratibn Voltage fbr Depositiod Flux Densities 
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