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Abstract

This paper refers to environmentally induced electrical anomalies which are
known to occur on geodynchronbus spacécraft, and Inparticular tb tho&& which
have occurred on the SKYNET 2B comimunications spacécraft, Detalls arc given
of the {avestigation made into droraalousd t?]lemetry data received from SKYNET 2B
during its firat 23 months of speratlon. The frequency add timing of these anoma-
lous events appeédar to differ from thoge described in earlier reports of such
phenomena. Attémpts are made to correlate the anbmalous télemetry data with
dédta degcribing the spacecraft environment, Some detaild are given of the space-
craft configuration and comrrierits raade on its susceptibility to anoralies of this

type.

1. INTRODUCTION

The SKYNET System forms part of tize United Kihgdom (UK) Defehse Communii-
cations Network, The most recetit spacecraft, SKYNET 2B! was lauriched from
the American Eastern Test Range on 23 Ncvembcer 1974 Into geosynchrodous orbit
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and wag stationcd at longitude approxlimntely 489 Fust, The spucceraft is controlled
dnd monitored continuously by the Royal Alr Force from its Télemetry and Com -
mand Station (TCS) located at Oaklianger, England, Throughout the period of
orbital aperations, althougr. setisfactory communications Kave hoen maintained, a
considerable number of anomaloug telcmctry eveiits have been réenrded und inves-
tigated, This report refers té those events that Fave been attributed to electro-
magnetic interference (EMI) cauged by electricel dischargts withi'n the spacceraft,
whkh have been deduced &as having been environmentally induced. 23,4 4 omalics
of thls type are caused by EMI generated by electrical discharges within the space-
craft. Electrical dischiarges can result from the differential charging of space-
¢raft durface materials to high voltages after exposure to the local plasma
environment at gessynchronous altitude. Spacecraft charging is frequently assoct-
ated with maghetic substorm acilvity when energetic plasma is dispersaed after the
interaction of thé solar wind with the magmetosphere, 5.6,

2 INMVESTIGATIONS OF ANOMALOUS TELEMETRY DATA

The SKYNET 2B telemetry data, transmitted continuously {roin the spacccraft
ore recelved by TCS, recorded on tape and also automatically checled by a com-
puter in real time to ensure that individual telemetered parameters remain withih
prescrited limits. All deviations from nominal valuea, omissions or niistime~”
data are scrutinlsed and in each case standard anomaly investigation procedures
are ohserved, involving the detailed assessment of every new type of anomaly by
a special committee of advigerd, Anomalies are classed either as discrete or
repetitive, those in the latter category recur:ing at various times throughout the
year. Certain of the discrete anomalles observed to date indicated individual
malfunctions within the spaceeraft. aiid in each of these crnses a detailed failure
rnbde analysis wag carried out, and where rtiecessary, redundant spacecraft systems
were switched in by command. 1In all guch cases, contingericy action was success-
fully employed add &atisfactury communicatiohs operations were maintained.

It is not propssed in this paper to refer further to opetatiohal asptcts of
SKYNET 28, but rather to consider in more detail the investigations which led to
the conclueion that most of the repetitive anomalous telemetry events were caused
by the effects of the space environment on the spacecraft.

3. ANOMALIES ATTRIBEUTED TO ELECTROMAGSETIC INTERFERENCE

Durirnia the first @ months of orbital operations, ¢ small number of discrete
anomalies had been observed on the SKYNET 2B spacecraft. During March/April
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1975, repetitive anomalien oceurred with increasing frequency and far outnumbered
the diserete anomaliva, A speciul investigation of these snomalies was made
which concluded thid moay, but not all, of the repetitdve type of wnomadous events
oceurred within the spacecraft, These anomalies were gencrally of short duration
and gave no lmmediate indication of permunent component fullure,  The mast tikely
explanation was the introduction of EMI, from unknown sources within the spivces
cralt, into the logic timing cireuits of the Telemetry and Commuand Subsysten, It
was appureit by this time that the characteristics of these particular anomalics
were very similur 1o the environmentally ~induced anomalics expericnced by other
geosynchronous spacecraft. 8,010,111, 12

Although it is now known that most geosynchronous spucceraft hove experiencid
anomalous behaviour thit could be due to spaceceruft charging phenomena, fow have
been fitted with the necessary instrumentation for monitoring the extent of ¢lectyo-
mignetic noist generated by clectrical discharges during orbital operutions. 1
und SKYNET 2B hus no special instrumentation for this purposce.  FFor this reason
it was decided to contifiue to muintain cureful records of uwil SKYNLT 28 ianomulous
telemetry cvents, and from thosce diagnosed us being caused by EMI, to isolute
those unomalies that could only have been canged by phenomena oceurring within
the spacceraft, Anomalous itelemetry data could of course arise from o variety of
sources including tl.e effects of electromagnetic interfercnce at any point in the
overall commuriication system, that is, the spacectaft, the radio frequency trans-
mission lirk, the receivers, and the data reduction equipment at the ground station.
It wus necessary to discard anomalies from the analys®s unless additional evidence
showed that they originated in the spacecraft and hence might have originally been
induced by the geosynchronous environment. Ih order to maintain a high confidence
level whien attributing an anomaly to electrical discharges withih the spacecraft,
numerous checks were carried out to eliminate the ground-based receiving and
data processing equipment as a possible source. Fortunately the SKYNET 2B
system utilizes two separate transmission links operating in different frequency
bands, with separate ground stations, and with parts of the standard telemetry
format duplicated in each link. This means that anomalies occurring simultane-
ously on both transmissions can be considered as originating within the spacecraft
to a high level of confidence.

Figure 1 shows the distribution since launch of repetitive snomalous telemetry
events attiributed to EMI] genefated withih the spacecraft (a total of approximutely
3u0U). These anomalies rcpresent approximately 20 percent of the total number
that were considered to be the result of clectromagnetic interference somewhore
in the overall system. It ie probable that a lurge pPoportion of the remaining
80 percent could also have originated within the spacecraft; however, this cannot
be rigorously proved, The anomalles shown n Figure 1 are unevenly distributed

855



Heny A4t
-ll ﬂb"’l
' Wit
d .
§ ,'
E ) »
8!
C2N o7 ! ‘
¥ !
4 { :
g / : !
! i
JANUARY 'rtsﬁum mﬂcn JUNE JuLy AUGULT IP![!!E(U ottom NOVEMBIR  DFCEMBER
= .
: 1976 ;
v ] i
(A 4
5 | .‘
g | '
- n
l i 1

"y A g
JANUARY ' FLERUARY . mcu ML, M JUY | AGUST 1 SEPTEMBER! OCTOBER | ROVEMBER  DFCEMBER

Figure 1. SKYNET 2B Anonalies in Flight Teiemetry Data Attributed to
Electromagnetic interference within thé Spacecraft

with time of year. fewer occurring in Summer ani winter months than Spring or
Autumn., The largest nimber of ahomalies occurred in 1975 after the commence-
ment of the Spring eclipse season. when the spacecraft is eclipsed by the Earth
once per daily orbit. Anomalies « iring 1976 have fcllowed a similar pattern to
1975 but ate fewer In number.

L CORRELATION OF ANOMALIES ®ITH ENVIRONMENTAL EFFECTS

Environmentally-induced anomalies, as the name implies, result from the
interaction between a epacecraft ahd its environment, Important factors contribu-
ting to this interaction are: first, the daily impact of the solar wind on the mag-
netospliere tad the resulting composition and variations in energy state of the
geosynchronous environnient in the vicinity of the spacecraft; second, the opera-
ttonal ¢ondiiions of the spacecraft, for example, its velocity, position, solar
illuminance, tne spacecraft-Bun angle, attitude, eclipse or shadowing effects etc;
and third, the spacecraft type and configuration.
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It the casc of SKYNET 2B attempts were made to correlaté the répetitive
anomulies of Figure 1with environinental data such as: tlme of day, sun-spator
magnetic activity, operational conditions, degree of solar {llumination, eclipse
periods, ete. 14,15 Figure 2 indicates the distribution throughout the day of
ahom ilies attributed to environmentally -induced effects within the spacecraft, The
relaftively even daily local-time distributlon of afiomalies s significant, because it
differs from distributions reported from other geasynchronous satellite projects,
witich ip iicated that anomalies tended to cceur with greater freguéncy in the local
midnight to dawn sector. Such dlstributions are vonsistent with the theory that
spacoceraft, after passdge through the antisolar tail of the magnetosphere, become
chargsd tb very high potentials as they éncouuter high enérgy electrbns which are
injected into this sector of geosynchronous orbits during Ibcal magnetic substorm
activity. Furthermore, it was assumed that ariomalies due to thig gause would be
uhlikely to oceur IN gignificant Humbera outside this time sector, ©° There is

now however, little doubt that a significant number of envirorimentally-induced

Afiomalies attributed to PERIOD
Electromagnetic Interiererce From launch Nov. 23,1874
within tlie spaceci.f. to Oct . 31st,1976

1100

NOTE 2
Radii scale 0-8 2300 1606
indicates fus. of everits. Midnight

Fignve 2. SKYNET 2B Anomalies in Telemetered Data Local
Tune Dependence
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anomalies do in faet oceur outside the focal morning sector. The precise mécha-
nisms to explain the occurrerice of Buch anomalies are not yet understosd. One
possibility sugpested in the case of the US DICS II Commiunications satellite
ansmaly {nvestigations, i3 the subsequent intefaction of a spacecraft, charged
during the midri{ght to dawn sector, with detached fegistis of cold (low energy)
plasm4 causding partial discharge and differential vbltage breakdowr,

In ordér to account for the very large numbers of anomalous everts recorded
ot SKYNET 2B, it seems more likely that different typed af diseharge which have
aloweér threshold or do riot require very high bréakdown poteitials may be ré-
sporsible, Alternative mechanism that have been reported are s called 'Maiter!
dlscharges or Bilager 'scintillation’ types of discharge, 18-19

A very significant factor concéthing tie SKYNET 2B data {8 that, by recbrding
and analysing relatively minor occurrences throughout each day, a relatively large
statistical sample of aromalies hag been obtained, A check was made of the length
6f time during which the grbund receiving station or the computer monitoring were
out of commission. It was concluded that On avérage thig was less than 10 percent
of the total time arid, théréfore, did not significantly affect the time Aistribution of
recorded anomalies.

There wad no obvious corrélation between thé aromaliés afid dally values of
sutispot rumber (Zurich relativé sunspot number RZ). However. this would be
unlikely id view ofithe variable tirne delay bf Betweeri 20 and 100 hr befdre any
gignificant effects are expérienced at geosynchronous altitude followitig surface
activity on the sun.

Figure 3 shows the geomagnetic activity indéx Ap platted to the same time-
gedle a8 the anomalies, There is evideneé of correlation between some of the
higher peaks of magreti¢ activity and the fréquency of anomalous events, Corre-
latlori was albo sought betweén the anomalies and the 3-hourly raagnetic K indices
from selected.High-latitude observatories North of the spacecraft, with similar
regults,

It is apparent from the overall distribution of anomalies thirough the year,
that factors other than gesmagistis activity must also be significant, Theére was,
for example, awvery rioti¢eable increase ifi anomalous évents during the 1975 Spring
spacecraft eclipse season, which seemed to suggest that each dafly eclipse {ii-
~reaged te"likelihood of differential spacecraft chargiag atid hénce of subseguent
discharge évents. Although ottier éclipse seaséns algo shiow an increase in thd
number of anomaulies there i, févérthéless, a ériall but significant rnumber but-
sidé the eclipse seasotis. One possible explanation t , that changes in sun anigleé
with respéct to the spaceécraft atid thé detailed spacecrdft configuration are also
relevant factors.
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Figure 3. SKYNET 2B Anomalies in Flight Telemetry Data (Attributed to
Electromaghetic lnterfereiice Within the Spacecraft)

5. SUSCEPTIBILITY OF SKYNET 268 TO ENVIRGNMENTALLY INDUCED
ANOMALIES

The sudceptibility of a geosyhchrohous spacecraft to environmentally induced
anomalies is very dependent upon its precise geometrid configuration and detailed
mechanical and electrical properties. 20,21,22 The accumulation of charge and
spacecraft floating potential Will depend upon the type of surface materials exposed
to the energetic plagma environment, and the different secondary electron emis-
sion arid photoemissive properties of individual conductors and dielectrics. An
important factor is the extent to v.nich such surfaces are illuminated by the Sun or
shadowed. Furthermiote, apertdares afid projections in the spacecraft cotifigura-
tion can become significant when related to the spacecraft Sun angle ahd its attitude.
Cther important factors itclude the voltage breakdown characteristics of individual
surfaces and the susceptibility of the various spacecraft subsystems to EMi.

Figure 4 shows the basic SKYNET 2B configuration. The spacecraft uses
spin stabilization with a nominal 90 rpm spin rate. The sides of the spacecraft,
apart frofn the thrusters and sensors, are almost completely covered with solar
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Figure 4. SKYNET 2B Satellite

cells mounted on fiberglads substrates. The solar cells having fused silica 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 shows the variatiohs in sun angle relative to the spacecraft equator
with time of year for SKYNET 2B. Duririg the Winter month6 the forward shield
is in shadow and the aft shield illuminated, these corditiohs being reversed during
the Summer monthg, The spacecraft is eclipsed for a maximium period of approxi-
mately 70 min each day durihg March and September when the Sun angle is normal
to the sides of #1e spacecraft. There are a number of small apertures I the sides
of the dpacecraft and the possibility of solar illumination reaching isolated.con-
ductive bf dielectric surfaceg inside the spacecraft cannot be discounited.

SKYNET 2B sticcessfully completed a prelaurich test program includidg
standard EMC test procedures {hvolving the ifijection of intérfering pulses into
selected power liriee etc; However, #ic special tests were made that would simulate
the effects of electrical discharges iri the vicitilty of the spacecraft. There was
no obvicus sourceé Of arcing within the spacecraft subsystems and ne evidence of
gelt-gerierated {nterfereice during prelaunch tests.
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It seems likely that the SKYNET 2B Télemetry Subsystem would be more
susceptible than other subgysterns to external interference because of the relative-
ly largé numbeér of switching dévices that it contains.

6. CONCLUSIONS

The main conclusions reached from the thivestigations of SKYNET 2 8 anoma-

lous teiemetry data are as follows:
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(1) The majority of the repetitive types of SKYNET 2B telemetry ancmalivs

can be attributed to environmentdlly-induced spacecraft chargiag effects for the
following réasons :

(a) The most likely source of these endinalies is the presence of short
bursts of electromagnetic r7 interference it the vicinity of the spare-
craft. {Anomalies due to EMI from other sources having been elimi-
nated by careful scrutiny of the data.)

{b) There wag no ather fnbre conventional Bource of EMI within the
spacecraft and thére was no previbus evidence of such interference
during prelaunch ground test programmes.

(c) The sccurrence of thé anomalies is accentuated over the Eclipse
seasons and. therefore, may be associated with photoemissive effects
and changes in spacecraft Sun angle (see Figure 5).

(d) There is some degree of correlation of the anomalies with geomag-
netic activity.

(7) Important features of the SKYNET 2B data compared With those of other

spacecraft are:

{a) The very large numbers recorded due to cohtinudus mobhitoring, and
(b) The relatively even daily distribution with loeal spaceécrafi time.
(3) The most important unanswered question8 cohcern the precise rature of

the envirotimental phenomena and their. ihteraction with the spacecraft. The
charge/discharge mechanisms which would produce a large number of anomalous
events with a relatively even daily distribution such as shserved on SKYNET 2B
at.d additlonally have the sbserved seasonal distribution, also require further

gtudy.
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