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A bst tact 

Satellite# in geos chrbnoue orbit havz been experiencing operatima1 anomalies. 
Theee anbmalies a re  r eliWJed to be due tb the erlvironment chapging the Bpacecraft 
eurfkicee tb d point Where dieeharges occur. In designing future 8atelliteB tor lung 
term bperation at geosflchronoue altitude, it is important that desiifnerd have a 
Bpecificatibn that w i l l  give the tbtal time per year, the particle flux density and 
particle erlerkies that their satellitee can be eqec ted  to erlcbunter in these sub- 
stbrm environmedtal conditiods. The limited data currently aV8ilable oti the 
envtranmental cbnditfons ha8 been ufted to geilerate the provi8ional Ipecifieation 
gtvcrn in thi8 repcrl. 

Sateilite6 in ~ebsynchronbua orbit have been exhibiting anaiIialous behariar, 
particularly during the local dubk to dawd pbrttoh of their orbit. * It id now believed 
that these atidmaiies a r e  due to the ndise generated by the discharge6 ham the 
difierehtial electrodtdic ch&ili.gtag at the: varicius spaclcrah surfaces to kilovolt 
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potenttala Py the envtranmsnt, The clectromagtlettc en6rBy rcrlesssd from eueh 
dtlchafgelj can trt$pz!r 8erls;tiVe Bltletrbntc loBlc lyeteins, resulttn6 In the "m- 

ibus Bpacecraft bi"lor, In sddttlosh, the dtrSehBrCIQB sail Bema@ tktjfmal errntrol 
Burfaces, reeulttrrg tn hlgher letran anttdpated temparatures t9L the spacecisaft 
eyatem. The cheii$ina rrf rnese eurfacee can ah% result t v  tkctf enhafiead COR- 

tattlh'lklttbd. 
Data from the ATS-5 and ATS-8 datellttee have ehown that cloud6 of Irtlovolt 

81ectrbne cah occur at $eoeynchronbus altitude in the local mldntdht to dawn 
quadrant. The occurrence of such particle clouds hete been correlated wtth aeo- 
mapnetic subetbrm activity. Fur themofe ,  they pelistst for pertads of several 
hours. These ktlovult electr'ofis tmphgmg on the spa.cecraft can cause the @ace- 
craft surfaees to charge to kllovblt potenttals. AI'S-5 and ATS-6 obeewattono 
indicate charging of the apacecraft grounds to gfeater than 10 kv negattve in the 
eclipee phales Of their mtssiotl and to a f e w  hundred VoltB negative tfl suhlfght id 
the presence of these klovolt particles. If the Spacecraft ground8 can be charged 
in this mannet, then it must be a$surtled that insulatbr surface& can ale0 be 
charged to kilovolt levels. &e shaded ineulator surface$ can be charged to these 
levels even when the Bpacecraft graunds a r e  maintained at the few hundred volt 
level, resulting in differenttal charging of the varioue satellite surfaced. 

grclund k i l t t i e l .  5-9  It has been BhoWn in these tnvesttgattbns that tileulattng 6ur- 
faces c ln  be chafged by beams of kflovolt electrons and that the tNbd@qUent dta- 
charpes dd praduee conducted afid radiated electromagnetic interferehce. In 
additbn, tt hag been shown that the dtechaliges can damage the insuiator surface$. 
Tne nuxhber of dt&chatges which mu6t be absorbed by electrical Bystems aB @ell 
a$ the degtee of damage to surfaces has been shoWn to be proportional to the 
average particle energy and ta the incoming flux of particled. Frum an engtneertng 
8tandpoint tt is tmpol'tadt to kno* the antictpated discharge rate for multiyear 
tnibslons IJ6 that this f a c b r  can be conBtdered in the erpeclftcatione for the elec- 
tronic circuit deetgh and for the thermal design. Theretore, it is destrable to 
deJelbp 8 dpecificatlon defining the time pe r  year that a eynchronoue eatelltte 
could expect to spedd in a eubsltorm envtronfnent, the relative proportions of' time 
spent In Ilevere, moderate and mtld eubdtorms, and the particle energiee and 
current6 characterietlc of these dubstarme. Wtth such a specification in hahd, tt 
wbuld be poesible to conduct ti?& tb determtne the performance of surface rtlatert- 
a16 fbc B propaded mt6sfan. In tbt6 Pep0i.t. the available data on the substorm 
eiicvtranment a re  uged ta generate a provtsional epeciftcatton fop use in dedi@ing 
datellite dystemd. 

The spacecraft CL.arging phetiomenon Le curfedtly under tnveetigatibn at eeveral 
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'Rie LrifoPmatiod bd the @ohiaglrietiC subdtbrin envlrbnmeirt at  BynchrbnaUB 
altitude ts based on dtata froin the ATS-5 and ATS-6 Autarel Pafttclee lhperlments. 
CondideCable data exiete (Ih particle dux as a fuudction bf energy both in quiet titnes 
and in Bubstbrme; however, data OR substarm particle energy Bnd current hilx 
variatioris over the lbcal LiuOk to dawn quadrants t 1  scaece. This latter type 6f 
data is nbce68ary in 6rder to derive lb specifieatidn for the time history 6f prittlcle 
energy and flhx per year bf mission life. 

"l ie!  available data include: a lurvey of the substorm environment for a three 
month.period of 1970; " tillre hiSt6rie6 of twb eubetorms obtained B e  a result of 
this survey; and data da the .Level of charging of ATS-6  spcceeraft grounds during 
the fall 1974 eclipse season. l1 These data a re  Bhown in Table 1 and Figures 
1 - 3 respectively, and form the bhsi8 fn r  the present spekifikatibn fbr  the! sub- 
storm environment. 

yl 

Table 1. Sumfizry of ATS-5 Measurements of Charged Particle Environment .. 

I 
I P U T  OF 2 JAN 1970 STJBS'fORM 

I 

Ele ctrbns 

Curretit6 up to 0.85 mA/cm2 for 4 36 min 
Average Current 0. 5 mA /cW2 far > 8 h r  
Peak Temperature of 12-13 kV for c 45  min 
Average Temperature of -6 kV for a 8 hr 

Prbtunrs 

Currents up tb 13 p ~ / c m 2  
Average Current 2. pA /cfi2 
Peak Temperature@ of 16-20 kV for 
Average Temperature PE -12 kV 

36 mtn 

1 OTHER SUBSTORMS 

Electrons 
Currents obljtertied up tb 2 nA /cm2, Tjipikal 0. 1 tb 0.2 
Pomlble: 8 d / c m 2  Maxitr;rum (Noisy Data) for 5- 10 mtn 
Tiemperatureo up to 20-36 Rev 
Typicd ?empe;ratbre 2-6 keV 

L 
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Figure 1. Emironmental Conditions From 
2 January 1970 SubEltorm 
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Figure 5.  A%-6 Spacecraft Charging Data. Fall 
ecli?se period, 1974 (BartlettlO) 

A study &r Table 1 and Figures 1 - 3 Mentioned abbve indicates a number bf 
factbrd l h i t h  must 5e considered in developirig the epecifieatibn. Fir% par tkle  
energies &re ndt Conetant &vier the Bubstkjrm period; they fluctuate throughout. . 
Secbnd, there is a .large variation in sllbetbrm intensity; the average pLrtiCle 
energies are higher in some subgtorms thtlh in.bthere. This iS ahown by the vari- 
ation in the level of charging of the spacecraft gr6undd in Figdrs 3. Third, the 
electron current density id low when the averhge electran energy Le high, Bnd 
converBely (Figui.es 1 and 2). FinLlly, the relationship betweeh prbtbn and elettroh 
average efiergies and current densities is reasonably linear. For the parposefd bf 
this specification, it :s a6Bumed that the average proton energy i B  twice the aver- 
age electrbn energy, and thlit the proton current density ts about 1/50 of the 
e lec t rm curtent deddty. Thebe adsumptibns a re  baBed 66 Ftgures i and 2. 

The tisthporal s p e t i f h t i o n  dedueed from these limited data and the Considera6 
tions noted ab6ve is ehbwb in Fimre 4 .  A more detailed dietussiori of the derive- 
tion of the specffttatf6n 16 ghen ln the following paragraphs. 

2.1 Total tir 'Yekt in Substerm 

It is necessary to sp6elfy pcirticie energy aiid cul'rent density ab functions of 
time in ci subetorni envtrbirment get year of mission life. The first task l b  



Figttre 4.  
Time in B Geomagnetic: Substorm Envirbnmeht 

Provisional Specification for Satellite 

therefore tc determine the average number of hours/year that a synchrot?b_us 
spacecraft w i l l  spend in a substorm environment. 

According to a simplified evaluation of the occurrence of dubstorms, sub- 
storm a&tivity occripies about 30 percent bf the time during any given year. For  
purposes of thid Bpecificatidn, i t  is aosumed that a satellite can find itself in a 
childglng en'virdnment during the lbcal durk td tiawn pdrtian 6f i ts  arbit. Based od 

these aeeumptions, P latellite can be in a substorm environment for a tbtal of 
1314 hr/year. This number is denoted by Hs hours per year in Bubrbrm). 

2.2 Parlicle Energy 

Two further faCtC)r@ a r e  required tb obtain a Bpecificatlon for particle energy 
as a knctfon-of time. first, it is necessary to. determinl d "time Variation factor" 
indicating the frhction of time in any btle Bubetorm that the particles can be at  ar 
above trari&rie allergy levele. Thie factor depend6 on the partiCle eilefgy of 
intefest 8nd 1s herein denoted by ft@h fie aec&nd required factor is a "subetbrm 
intensity factor" indicating the pfopbrtions of rilevere, mdtierate, and mild sub- 
s t d w "  expected ta occur i:~ B p a p .  This factbr ie al& related ta the energy level 
of. interest (via the ATS-d grohntl pdtential data) atid b herein denoted by fs$3). 

Id order to deterinfna ft(E!), it i& nece6sidry to charaeterite the irafiation of 
pal'tible enefglee &wing a subetdr". Fbr h i e  purpbse, the 2 Janurirp lB70 suti- 
BUifm (Figure 1) id takdd a l  the lrSbde1 bf a Bevete dirbdtofrti id term& of Gnergy 
fiuctufitiori6. h t P  from thia Bhbdtorm are U e d  tb define the ffelcfiohil df the tatel 
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substorm time (10 h t )  during whtcH the avCtPBge energy of the charged pet t le le  
pbpulatton attaided bP exceeded Iripecified values. The Model for the fttodefate sub. 
eubstarm is assumed to b& the earrie a@ the l eve re  but with the average ehetgy 
Bcale cut in  half. 
-derate eubbtorm model but with tho energy scale  again Halved 

The "subbstbrm intensity factor'' f,(E) is obtained from the measurementb af 
the ATS-fi spacecraft ground potential during the 1974 eclipse period (Figure 3).  
it is assumed that when the ATS-fi spacecraft ground had been biased to a voltage 
level of between - 6  kV and -12 kV, the satellite Had encouatered a severe substorm. 
When the ATS-6 ground had been biased tb values between -3 kV and - 6  kV, It ic: 
assumed that the satellite encountered a moderate substbrm. A n  encounter with 
a mild subsiorm is: assumed to have occurred when the ATS-fi grbuhti had been 
biased to values betweerl 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 nuirlber of days that the Satellite experienced a substorm 
during this eclipse period. 
0. 33 for $evere substorms (1IJ days out of 30). 0.27 for  moderate subetorms 
(8 days out of 30), ahd 0.4 for  a mild GubBtorm (12 days aut of 30). 
that this ratib remains constant throughout the year.  

The Bpecificatibn f&r the a3erage electron energy a6 afunction of time 
(Fijirlre 4 )  is then obtained by determining H(2). that is, hr 'year  in a lubstorrh 
envtrbnment &if average electron energy 2 E, from the 

'Che h i 1 d  eubstoftrr. model is aseumed to be the katne as the 

Therefore, the interlsity factor takes on 3 values: 

It is assumed 

Values of these t e r m a f o r  Selected average enorgieg a r e  given ih Table 2.  

Table 2. Factors  Used ih Deriving Specification 

I I I 1. 
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The specifictttidn for ion ehergy vcrsus  time iri the substorm environment 16 
dmply that tHe average ion energy is approximately tivice thc average electron 
energy a& w h 8  discussed above. It is recognized that catagorizing th t  substorms 
tn the manner outlined above i s  arbl t rary.  A s  more  information on the substorm 
environment becorhefi available, thc b66umptions which have been used can be 
imprdvod. 

2.3 I'nrriclc Cbettt Denbit) 

"he Gpecificktiod fbr  the electrorl current  density in Figufe 4 is again based on 
Thbse data indicate data frum the 2 Jariuary 1970 substorm a s  the modri substorm. 

that the current deilsity is 0. 5 nA /cm2 a t  the nigh average electron energies, and 
that E& the average electron energy decreases,  the current density increases 
monotonically t6 2 d / c m 2  in approximate inverse proportion to the average energy. 
The current density Cjpecification is devised based on this information plus the pre- 
vibusly derived energy specificatiori. Again, the ion specification i B  simpiy Gtated 
based on the ear l ie r  observation that the ion current  density is about 1 \50  of the 
electron current density. 

2.1 Field - \ l i g h d  F l u k e s  

It should be rioted that throughout the development of this specificatiori, iko- 
trbpy of the environment has betrri adsumed. fiecent data indicate that field aligned 
fluxes Bre in fact present," and that particle huxes aligned with the magnetic field 
lines a r e  tonsiderably l a rge r  a t  certain energy levels than the fluxes a t  l a rge  pitch 
adgles. Nu attempt Has been made to incorpbrate such anisotropies into the present 
specification. 

The spectftcatfoti prelented tn Figure 4 &howl that far a large fraction of time, 
tHe gatelltte w l l l  encgunter only mild Bubeturmb. ~=bmput&tions of Burfade behavior 
of the normal Opacecraf? materiale in th!e endronrnent ahow that the resulting su r -  
face potential trl such substormg is not high enough to cause discharge&. This may 
explain the apparent raridomnees of the obeerved Efpacecraft anomalibb. which do 
nbt always occur Wheii substorms a r e  detected a t  a &bund stattod. 

The speciflcatibn cab1 be used tn eonjbnctioh with a ground test program to 
determine the behavior of an lnsulafor surtace proposed for a satelllte. By simu- 
lating the substorm parameters ,  thz test surface cah be subjected to the epectfice- 
tlon profile to determine the surface charging characterlstlcs for a given mission 
llfe. The diecharge threehold w i l l  also be determined along with the material  
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degradattan &nu transients ilsaoclated with the dischwgea.  a i s  infdrmatiorl ran 
then be used in deslgniilg the satellite sylitems t6 accomihodate the suf fare  bethvior 
Helice, the speetNcetlon is tiaed tis ah engtneerihg tatrl to $118 id s y s t e ~  deligtis 

' he  epei?ifkation prededted herein ie b8Md orl a very limited amount of data, 
and Many &?lumptions. No margin8 or  vgriancek have been iricluded in  this speci- 
ficatibh simply SecaUse tHs data are ihsufficient to allow reasonable calculetians 
of such parameters .  Fo r  thee& reasom,  the present Bpecificati~d Ha6 been 
denoted as a prdvilibnal epecifikatibn: it is expected that refinements will be made 
a s  more  data b,ecC)me availadle. 

Despite the preliminary natute  of this dpecificatiofl. it i$ felt that i t  prbvidel 
a ueeful engineering tool whieh can be used to provide a guidelinr for  groutid test 
procedures to eetimate the effects of subgtorm actiuity on a spacerraf t  during a 
specified nlisSi6n life. 
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