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Abstract 

This paper refere to environrhentally indueed electrikal anomalies which ate 
kndwn to occur on gieol 

of the itiveetigatibd made into anomalouigr telemetry data received h m  SKYNEI' 2B 
during i t s  firsrt 23 motlths of cperation. The frequency add tirdng of theae ahoma- 
loud events appeaf to differ from thog6 described in earlier reports of Buch 
phenomena. Atteirlptsl are made to correlate the anbmalous teleinetry deta with 
dgta declcribine the Bpaicecfdfft enVironment. S o ~ e  detail6 are given of the 6 ace- 
cPa€t configuration and commedtri Made on its susceptibility to anomaiieR of Lis 
type. 

chronbus spacecrdt ,  and in particular tb thb#e which 
have occurred on the S lv YNET 2B cot~imunica~idns opacecraft. Detalle arc given 

TPk SkYNET System formn part  of t!:e United i(ihgdom (m) DefCnBe Communi- 
cattons Nehvork. The most recest spacecraft, SgYfikT 2B1 was lauriched from 
the American Eastern Tcst Range on 23 Ncvembcr 1974 Into geosynchrodous orbit 
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and was etatloncd at  lOtlgttUdc upprokimntely 4Bg Enat. Thc spiicccruft is cxmtrollrd 
clnd inbnlt6ccd cantlnuouely by the, h y a l  A i r  Borcc h u m  Its Telcmbtry and <'am * 
niQ#d Station ('k'Ss) located at Oakhaligcr', tih~latld. Thrau$Hout tHs period of 
or'bitd apcrstiohs, althougr. satlsfnctory cb~rlmunications hsve hocn matntainctl, a 
ronstde?ablc number of anomalona telcmctry evciite have bcsn rctcorded und invcs - 
tigftted. ' f h h  report refefg t6 thobe events that Iswc been attributed to electret- 
rPIBgnettE interference (EM11 calrBed by electric21 diecharges with!n the spacccraft, 
whkh have been deduced 81 having been environmentally induced. 2 D  '' Aiiomalics 
of t h k  tysre W e  cauBed by EM1 generated by electrical discharges within the spcrcc- 
craft. Electrical dt6charges can reeult from the differential charging of space - 
c r d t  Butface materials to high voltage6 after exposure to the ldcal plasma 
environment at geosynchronoub altitude. Spacecraft charging i6 frequently associ - 
ated with maghetic subdtbrm atrivity when energ&tic plasma is dispersed after the 
intecadion of the solar wind with the miifletasphere. 5 ,6 ,7  

TM SKYNET 2 9  tdemeti-9 data, transmitted continuously ftoin h! spaccctaft 
ore rkceived by TCS, recorded on tape and also autoihaticdly checked by a com- 
puter in real  time to ensure that individual telemetered parai-ieters remain withih 
preecribed limits. A l l  deviations from nominal vaheb,  omissions o r  nristimir,' 
data a r e  scrhtiriised snd in each case standar.d anomaly investigation procedures 
are oherved ,  involving the detailed asselefnent of every new type of anomaly by 
a special cormnittee bf arltiiserl. Anomalies a re  classed either as  discrete ar  
repetitive, th66.e it1 the lat tet  category recur1 ing at various times throughout the 
year. Certain of lhe dibcrete anoinalies observed to date indicated individual 
wal€unctions withfe the spaceeraft. aiid in each a€ these cmed a detailed failure 
rnbde analy6i8 w abl carried out, and where riecessary, redundant spacecraft systems 
were switched iir by command. In all rjuch cases, eontthgedcy action was success- 
fully employed add Batisfactary communicatioh~ operations were maintained. 

It is not prapbeed in this paper to refer  further tr, operatioha1 aspi\cts of 
SKYHET 2t3, but rather to consider in more detail the investigations which led to 
the conclboion that most af the repetitive anomalous telemetry events were caused 
by the e€fects of the space environment on the spacecraft. 

€.brtil$ the fikst 3 months of orbital operations, ir small numbcr of discrete 
Rnomaltes had been obsewed on the SKY NET ZB spacecraft. Jhring Marc.h/April 
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Figure 1. SKYNET 28 Ano nalies in Flight Teisvnctry Data Attributed to 
Electromagnetic interference within the Spacecraft 

with time af year. fewer occurring in Summer an.1 winter months than Spring o r  
AuNinn. "%e latgest tiumber of ahomalies occurred in 1975 aftcr the rommence- 
ment of the Spring eclipse season. when b e  spacecraft is eclipsed by the Earth 
once per daily orbit. Anotnalit!s t iring 1976 have fc!'oked a Rimilar pattern to 
1975 but ate feket In number. 

Environmentally-induced anomnliee, as the name implies, result from the 
interaction between a epacecraft ahd i ts  e!wironment. Important factors contribu- 
tihg to this tnteractio.1 are:  first, the daily h p a c t  of the solar wind on the mag- 
netospheie I ad the resulting composttior and variations in energy state of the 
geosynchronous environnient in the vicinity of the spacecraft; second, the opera - 
ttonal condi.ions of the spacecriift, for example, its velocity, posltlon, solar 
illuminance, tne spacecraft-Bun angle, attitude, eclipse or shadow itig effects etc; 
and third, the spacecraft type and configuration. 
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It thz c a w  of SKYNET 2F3 attcinpts wcfe made ta cofrelatE the rt3petitive 
Rnanldibs of pigure 1 with BfRrirtlnlliBtrtal data such as: t h e  oi day, sun-spat o r  
magnetic activity, operational conditkms, degree of solar illuminStit)d, eclipse 
pericrds, etc. 14, 
anom rlies attr!.buted to e~virhnmentally-ilid~ced effects wtthirf tHe spncecrdt. The 
reiafbrely even daily local-time distributbn af atiumalies ia significant, becab86 it 
ddfers finom djstr ib~tidns feForted from other gtDsynzhronous satellite projects, 
nMch itr. fieated that anomalies tended to amur with gyeater fretWncy in the local 
midnidht to dawn sector. Stleh distribution$ a re  cc t lh teh t  W i t h  the theory that 
spatctcraft, a€ter p&ss$ge through the antisolar tail of the magnetosphere, become 
chargsd tb very high potentials as  they enkoixiter high en&Pgf electrbns which are 
injected into thi$ sector of geo6fichronbuS orbits diifine lbcal magnetic substorm 
activity. Furthermore, it Cas aBsumed that ariomalies due tb this cause wbtdd be 
uhllkely to o w u r  in dignifi&ant ntimbera outside this time sectbr. 2 a  l6 f iere is 

nbv however, little doubt that a sigdfibant nrunbsr of envirorimentally-induced 

Pigcrre 2 indicates the dlstributibh throughout the day of 

Airumatier attributed to PERlbB 
Elettroma@Wic Ihtlrtrrer.ce 
within tlie spacect-ft. 

From launch Mov. 23,1874 
tc Oct .31st, 1676 

Miadof 

indicates hoe. of evetits. Mldnlgrd 

Figwe 2 .  SkYN@%' 2B Anomalies in Telemetered Oata Local 
Tune Dependelice 
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ationtalie8 do in fact ocCur butside the lacai mornhg sector. %E precise "ha- 
n h I s  to explatri the bccurtedce af Buch anobiaiied aPe hot yet Under8tol)d. Ode 
pbsdibilitY euggested iri the calle af the US t)S& I1 bxhtrriud&ationb satellite 
ahmalp inVs6tCgatiotis , i9 the BUbseqUent intefactibn of a spacecraft, charged 
duPihg the tnidriight tb d&wn 8ecfot, virtth detached regldns af cbld (ktw energy) 
plasma cauditig partihl diachwge and differential vbltage breakdtmn. 

Iti order to account fbr the very l u g e  number8 of anomalous evetitl recorded 
oli f3KY-T 2B, it Beems more likely that different typed af disaharge which have 
a lowe~i thFeEIhald o t  do riot require very high brbakdawn poteldials may l)e.r& 
sponeible. Alternative mechanism that have been reported are Ba called 'Malter' 
dCschargeB or BhYer '$cititihatioii' types Of dtscharge. 

A W r y  Bignificant factor concerning &e SIWNET ZB data t8 that, by recbrding 
and Walyelilg relatiVely minor occufrencee thl'orighout each day, a relatively rage  
dtatikithl &ample of aribfnaliee ha8 been dbtahed. A check was made 6f the letlgth 
6f time during whiCh the grbund receiving stati6n or the computer monitbridg were 
out of c o s n i i l d h .  it wad concluded k a t  on avetage thif3 wag less than 10 petcent 
of the b t a l  time arid, therefme, did not ai@ifi&antly affect the time Jlsltribtltion of 
recorded anomalies. 

$utispot riuhber (Zutich relatiire sunspot ntirfiber RZ). However. t h b  would be 
ufilikely id vieiu of! the variable t h e  delay bf IjetWeeri 20  ahd 100 lir beh5l-e ahy 
Bignifibant effebtd are expel'iefieed at geudflchrbnous altitude fbllbwitig surface 
activity on the sun. 

Figure 5 show& the P;eomaS;hetiC activity index Ap platted to the same time- 
sbale aB the anbmdies. There is widen& of correlation between some of the 
higher peake at magi..etic acthit$ atid the frequeakji of ani"orio events, trorre- 
latioti was albo sought betweeti the ammalies kind the 3-hoUr1y r.iagWtir: K hdiced 
from $elected.HiIfh-latitudd observatories NoPtH of the $pacecrdt, with shilar 
redtilt& 

It id apparent frolfi the over&ll didtributrbn bt anbmzUieCl tyii%ligh the year, 
that factors other than geomagtietti: activity muet also ~e aignit'icelrit. fi.er& W ~ B ,  

for example, a very notieeablb iircrba8e: tfi atiomaluu6 Menti9 duping the 1975 Spring 
spaeekrat eclipat: ~easbti, which seeinecl to euggest that each daily eclipee til- 
sfeaBed the' likelihood of differential dpacecfaft eharghg atid hehice of eUbM?quent 
&dc@rge event& Although 6tlidr &itpee eeadunbi algb rihb<ni an increade: in  thd 
n m b &  df atibix~alk$ there LEI, iieverthiidesis, a Briiall but dgnUicadt tiumbkli but- 
side the eclipse Beasatis. One pbsrstble explsllration t , ~  Wait ichah&!s In stiti arigk 
with respect to the dpececrdt atid the detailed djiacecrelft cadiguratidn are also 
relevad factorB. 

17 
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There wad nb O b J i i m S  cor~tilatibri betWeen the ailomalies afid ddlg values bf 
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Figure 3. SKYNET 2 B  Anomalies in Flight Telemetry Data (Attributed to 
E!lectroma@wtk InterfereAce Within the Spacecraft) 

The sudceptibility of a geosyhchrbhous spacecraft to environmentally induced 
anomalies id  very dependent upon its precise geometrid configuration and detailed 
mechanical and electrical properties. 20' l D  22 The accumulaticrn of charge and 
epkcecraft floating potential W i l l  depend upon the type of surface materials exposed 
to the energetic plaema environment, and the different secondary electron emis- 
sion arid p'mtoemissive pf-operties or individual conductors and dielectrics. 
impbrtant factor is the k?xtent to v:nlch such supfaces are  illuminated by the Sun o r  
shdotv$d. Furthetmiokc, apertdpea afid projections in the spacechf t  cohfigura- 
tian Car l  become significant when related to the spacecraft Sun angle ahd its attitude. 
Clther h i p o r t a d  factors iticltide the voltage breakdown characteristics o€ individual 
&llrf.aces and the rjusceptibility of the vaPious spacechf t  subsystems to &MI. 

spin stabilization with a nominal 90 rpm spin rate. The sides of the spacecraft, 
apart frofn the thrirstePs and sensors, a re  almost completely covered with solar 

A n  

Figure 4 shows the basic %YN&T 2B configuration. The spacecraft uses 
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Solar Pamls 

* a i m  Tank 

Figure 4. SKYNET 2s Satellite 
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cells mounted on fiberglads subdtrates. f i e  solar cells having fused s:lica cover 
slips should be relatively immune from large discharges. The forward and aft 
end shields, however, seem more likely to be susceptible to spacecraft charging 
effects. 

Figure 5 Shotvg the variatiohs in sun angle relatiire to the spacecraft equator 
wirh t h e  of year for SKYNET 2B. Durlng the Winter month6 the forward shield 
is in shadow and the aft ghicld illuminated, these corlditioh6 being reversed during 
the Summer month$. The spacecraft is eclipged for a maxirnufn period of approxi- 
mately 50 nlin each day d\tfihg March and September wtibn the Suh angle is normal 
to the side& of +he spacecraft. f i e r e  are  a number of small apertures in the sides 
of the dpacecraft and tbe poeeibility of sblar illuinination rtachitrg isolated. con- 
ductive bf dielectric surface& inside the spacecraft cannot be diBcautited. 

SKSImT 2B sttccelsfully cdtnpleted a pkelauinch test p r6gPm includiktg 
standard EM% test pfocedufes involviag the iiijection id interfei-tfig pulses into 
selected pawer llries etc; However, rid special tegte were made that would simulate 
the effects of electrical dischayges irl the vicifitty of thi?. spacecraft. There wag 
no dbvtdus sdbrce of arcing within the spacecraft subsystems and ncr evidence of 
self-qefierated tdterference during prelaunch tests. 
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Figure 5. Seasanal Variatidti of Sun Angle With HeClpect 
to Satellite Equatm 

It a e m s  likely that the dKfib*T. 2B Tdleflnetfg SUibsysteni would be mafe 
susceptible than other subsysterils tb external interferenct becatirie of UlC relative- 
ly largtr dufnbr?r of Eiwitching d&ice& that it cuhtaindr. 

f i e  main c6nclUsi6ns reached fk6M the iiiveatipatiaild of SkYfiET 2 8  anbha- 
lous teiemetry data are as follows: 
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( i )  1310 majority af the rbpctitivc types of SKYNET 2E3 tclrthetry arrcmialics 
can be a t t rh l t ed  to O~vifOrlmcrttdlly-induccd BI)aWcCL(ft chargiag hffllc*t6 fop thc 
f ~ l l i ~ ~  ihg re asofis : 

(a1 f ie  most likely sourw of these anbmalics is the prescncc of short 
bursts of ekctromagnstk t.' interference its the vicinity of the spare - 
craft. (Anamalies due to EM1 from other sources having been elimi- 
nated by cat'eful sc ru thy  of the data. 1 

spBcecraft arltl there was no previbus evidence of such ihterfCrChce 
during prelaunch ground test programmes. 

IC) The acetlrrddde of the anomalies is accentuated over the Eclipse 
seasons and. therefore, may tie associated with photoemissive effects 
and changes in spkcecraft Sufi angle (see Figure 5). 

fletie activity. 

01) "here wag no ather fnbre conventional Bource of EM1 within the 

(d) There is sonie degree of correlation of the anomalies with geomag- 

(2) Importaxit features of the SKYNET 2B data compared With those of other 
spacecraft ape : 

(a) The very large n m b e r s  recorded due to cohtinudus mohitoring, and 
b) The relath'ely even daily distribution with loeal spacecrdt  time. 

(31 The most important unanswered question8 cohcern the precise dature of 

large number of anbmalous 
the envirhnrhZinta1 phenomena and their. ifi)eraction with the spacecraft. 
ch;crge/diecharg& mC!chaniBind which would ppoduce 
ev?ntB with a relatively even daily distribution such as aheerved on SKYNET 2B 
at.d additionklly have the absemed seasonal distributtrm, albo require h r t h e r  
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