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A. Robbing ond C.D. Short
Royal Aircraft Establishment
Earnborough, England

Abstract

This paper refers to environmentally induced electrical anomalies which are
known to occur on geosynchronbus spacecraft, and in particular to thosie which
have occurred on the SKYNET 2B conmimunications spacecraft. Details are given
of the investigation made into anoraalous télemetry data received from SKYNET 2B
during its first 23 months of cperation. The frequency and timing of these anoma-
lous évents appeéar to differ from those described in earlier reports of such
phenomena, Attémpts aré made to corrélate the ariomalous télemetry data with
data describing the spacecraft environment. Some detalls are given of the space-
craft configuration and comments made un its susceptibility to anornalies of this

type.

1. INTRODUCTION

The SKYNET System forms part of ti:e United Kingdon (UK) Defénse Communi- i
cations Network. The most receiit spacecraft, SKYNET 2Bl was lauriched from
the Amefican Eastern Test Rahge oh 23 Nevember 1974 into geosynchrotious orbit
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and was etationied at longitude approximuately 489 Fust, The spacceraft is controlled
and monitored continuously by the Royal Air Force from its Te¢lemetry and Com -
mand Station (TCS) located at Qakhianger, England, Throughout thc period of
orbital operations, althougt. setisfactory communications have béen maintained, a
considerable number of anomalous telemetry eveaits have been reenrded und inves-
tigated., This report refers to those ¢évents that Fave been attributed to electro-
magnetic interference (EMI) caused by electrical discharges with'n the spacccraft,
which have becn deduced as having been énvironmentally induced. 23,4 ppomalics
of this type are caused by EMI generated by electrical discharges within the space-
craft. Electrical discharges can result from the differential charging of space-
craft surface matérials to high voltages after exposute to the local plasma
environment at geosynchronous altitude. Spacecraft charging is frequently associ-
ated with magnetic substorm activity when energétic plasma is dispersed after the
interaction of thé solar wind with thé mametosphere. 5,6,1

2 INMVESHGATIONS OF ANOMALOUS TELEMETRY DATA

Tne SKYNET 2B telemetry data, transimitted cofitintously froin the spacecraft
are recelvéd by TCS, recordéd on tape and alsc automatically cHecked by a cofn -
puter in real time to enisure that individual telemetered parameters remain within
prescribed limits. All deviations from nominal values, omissions or mistime~
data are scrutinised and in each case standard anomaly investigation procedures
are ohsérved, involving the detailed assessment of every new type of anomaly by
a special conimittée of advisérs. Anomalies are classed either as discrete or
répetitive, thoseé in the latter category recur:ing at various times throughout the
year. Certain of the discrete anoinalies observed to daté indicated individuai
malfurictions within the spacecraft, atid in each of these cases a detailed failure
mode dnalysis was carried out, and where necessary, réedundant spacecraft systems
were switched in by command. In all such cases, contingency actiori was success-
fully émployed and satisfactory communicatiohs operations were maintainéd.

it is not proposed in this paper to refer further to opetratiohal aspécts of
SKYNET 2B, but rather to consider in more detail the ihvestigations which led to
the conclueion that most of the repetitive ahomalous telemetry cvents were caused
by the effects of the space erivironment on the spacecraft.

3o ANOMALIES ATTRIBUTED TO ELECTROMAGNETIC INTERFERENCE

Duririg the fifst 2 moriths of orbital operations, & smull number of discrete
anomalies had been observed on the SKYNET 2B spacecraft, During March/April
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1975, repotitive ahomalies occurred with increasing frequency and fupr outnumbered
the diserete anomalies, A special fnvestigation of these snomalies was mide
which concluded thid moai, but not all, of the repetitive type of inonidous evemts
oceurred within the spacecraft,  FPhese anomalies were gencrally of short durition

and gave no lmmediate indication of permanent component fullure,  The mast Hkely
explanation wus the introduction of EMI, from unknown soureces within the spuces
craft, into the logic timing circuits of the Telemetry and Commuand Subsystem, It

was appureit by this time that the characteristics of these particular anomalics

were very similar 1o the environmentally ~induced anomalivs experienced by other
8,0,10,11,12

T e

geosynchronous spucecraft,

Although it is now known thut most geosynchronous spacceeraft hove expericnciad
anomalous behaviour thut could be due to spucecruft charging phenomena, fow have
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been fitted with the necessary instrumcntation for monitoring the extent of clectro-
1

mignetic noist generated by electrical dischurges during orbital operations.
uand SKYNET 2B his no speciul instrumentation for this purposc.  For dhis reason
it was decided to contihue to muintain cureful records of ull SKYNET 28 wnomulous

telemetry cvents, and from thosc diagnosed us being caused by EMI, to isolute

those unomalies that could only have been caused by phenomena occurring within

the spacceraft. Anomulous telemetry data could of course urise from o variety of
sources including tl.e effects of electromagnetic interference at any point in the
overall commuriication system, that is, thé spacectruft, the radio frequeney 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. lh order to maintain a high confidence
level whien attributing an anomaly to electrical discharges within 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 uvperating in different frequency
bands, with separate ground stations, and with parts of the standard telemetry
format duplicated in each link. This mécans that anomalies occurring simultane-
ously on both transmissions can be considered as originuting within the spacecraft %
to a high level of confidence. 1
Figure 1 shows the distribution since launch of repetitive anomalous telemetry |
events attiributed to EM] geneiated within the spucecraft (a total of approximately 1
3u0vU). These anomalies represent upproximately 20 percent of the total number i
that were considercd to be the result of clectromagnetic interfercnce somewhere ‘
in the overall system. It is probable that a large proportion of the femaining
80 percent could also have originated within the spacecraft; however, this cannot
be rigorously proved., The anomalies shown in Figure 1 are unevenly distributed
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Figure 1. SKYNET 2B Anomalies in Flight Teiemeti'y Data Attributed to
Electromagnétic Interference Within the Spacecraft

with time of year, fewer occurring in Summer ani Winter months than Spring or
Autumn. The largest riumbér of ahomaliés occurred in 1975 aftcr 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 are fewer in hwmaber.

L CORRELATION OF ANOMALIES RiTH ENVIROSMENTAL EFFECTS

Envitonmentaliy-induced anomalies, as the nanie implies, result from the
interaction between a epacecraft and its environment. Important factotrs contriobu-
ting to this interaction are: first, the daily impact of the solar wind on the mag-
netosphere ( ad the resulting compositior and variations in energy state of the
geosynchionous environment in the vicinity of the spacecreuft; second, the opera-
tional condiiions of the spacecrift, for example, {ts velocity, position, solar
illuminance, tae spacecraft-sun angle, attitude, eclipse or shadowing effecis etc;
and third, the spacecraft type and configuration.
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It the casc of SKYNET 8B attemnpts were made to correlaté the repétitive

kN anomalies of Figure 1 with envirommnentdl data such as: time of day, sun-spot or

€ magnetic activity, operational conditions, degree of solar {llumination, éclipse

pericvds, étc. 14,15 Pigure 2 indicates the distribution throughout the day of
anomalies attr'buted to environmentally-intuced effects within the spacecraft. The
reiatively even daily local-time distribution of afiomalies is significarit, becausgé it
differs from distributions reported from other geasynchronous satellite projects,
wiiich in licated that anomalles tended to occur with greater frequeéncy in the local 1
midnight to dawn sector. Such distributions are consistent with the theory that -
spacccraft, after passage through the atitisolar tail of the magnretosphere, become
g chargad tb very high potentials as they encounter high energy electrons which are
- . injected into this sector of geosynchronous orbits during local magnetic substorm
activity. Furthermore, it was assumed that anomalies due to this cause would be
untikely to occur in gignificant Humbers outside this time sector. 2,16 There is ;
now  however, little doubt that a sigaificant number of environmentally-induced §
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anomalies do in fact oceur outside the iocil morning séctor. The précise mécha-
nisms to explain the occurterice of such anonialies are not yet uriderstood. One
possibility suggested in the case of the US DSCS II Communications satellite
ansmaly investigations, is the subseguent interaction of & spaceciaft, charged
during the midriight to dawn sector, with detacltied regiotis of cold (low energy)
plasma causing partial discharge and differential voltage breakdown. 1

In order to daccount for the very large nurmbers of anomalous events recorded
ot SKYNET 2B, it seems moreé likely that differsnt types of discharge which have
a lower threshold ot do not réquire very high bréakdown potentials may be re-
sponsible. Alternative mechanisms that have been reported are 8o talled 'Maiter’
discharges or Bilayer 'scintillation' types of discharge. 18,19

A véry significant factor conceérning the SKYNET 2B data {5 that, by récording
and analysing relatively minor occurrences throughout each ddy, a relatively large
statistical sample of anbomalies has been obtained. A check was made of the length
of time during which thé ground receiving station or the computer monitoring were
out of commission. It was concluded that on average this was less than 10 percent
of the total timé and, therefore, did not significantly affect the time distribution of
récorded anomalies. i

There was no obvious corrélation between the anomalies and daily values of i
gunspot number (Zurich relativé sunspot number RZ). However, this would be “
unlikely in view of the variable time delay of betweer 20 and 100 hr before any _
gignificant effects are expériénced at geosynchionous altitude followitig surface !
atctivity on the sun.

Figure 3 shows the geomagnetic dctivity index Ap plotted to the same time-
scale ad the anomalies. There is evidence of correlation betwéen some of the
higher peaks of magretic activity and the fréquency of andmalous events. Corre-
lation was also soughit between the anomalies and the 3-hourly raagnetic K indices
from selected high-latitude observatories North of the spacecraft, with similar
regults, i

It {s apparent from the overall distribution of anomalies thirough the year, i
that factors other than geomagnetis activity must also be significant. There was,
for example, a very roti¢eable incréase iii afomalous évents during the 1975 Spring
spacecraft eclipse season, which seeined to suggest that éach dafly eclipse f{ri- )
creaded the likelithood of differential spacecraft charging and hence of subsetuent .
discharge events. Although oftier éclipse seasons algo show arn incréase in the
pumber of anomulies there 18, févérthéless, a smiall biit significart number out-
sidé the eclipse seasotis. One possible explanation is that changes in sun aniglé
with respéct to the spacécraft and the detatled spacecraft configuration are also
relevarnt factors. '
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Figure 3. SKYNET 2B Anomalies in Flight Telemetry Data (Attributed to
Electromagnetic Interferetice Within the Spacecraft)

5. SUSCEPTIBILITY OF SKYNET 28 TO ENVIRCNMENTALLY INDUCED
ANOMALEES

The susceptibility of a geosynhchrohous spacecraft to environmentally induced
ariomalfes is very dependent upon its précise georhetric configuration and detailed
méchanical 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 enérgetic plaéma environment, and the different secondary eléectron emis-
sion ard phiotoemissive properties o! individual conductors and dielectrics. An
important factor is the extent to vnich such surfaces are illuminated by the Sun or
shadowed. Furthermore, apertures and projections in the spacecraft cofifigura-
tion can Become significant when related to the spacectraft Sun angle and its attitude.
Cther important factors ificlude the voltage breakdown characteristics of individual
surfaces and the susceptibility of the various spaceciaft subsysterns to EMi.

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

cells mournted on fiberglags 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 thé variations in sun angle relative to the spacecraft equator
with time of year for SKYNET 2B, During the Winter months the forward shield
is in shadow and the aft shicld illuminated, these conditiohs being reversed during
the Summer months. The spacecraft is eclipsed for a maximuin péeriod of approxi-
mately 70 min each day during March and September when the Sun angle is normal
to the sides of *1e spacecraft. There are a number of small apértures in the sides
of the spacecraft and the possibility of solar illuinination reaching isolated. con-
ductive of dieléctric surfaces inside the spacecraft cannot be discoutited.

SKYNET 2B siiccessfully completed a prelaunch tést program includitig
staridaird EMC tést procedures involving the ifijection of intérfering pulses into
selected power liries etc; However, fio special tests were made that would simulate
the effects of electrical dischiarges in the viciiilty of the spacecraft. There was
no obvicus souicé of arcifig within the spaceci-aft subsystems and no evidence of
gelf-gerierated interfereice during prelaunch tests.
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It seems likely that the SKYNET 2B Télemetry Subsystem would bé more

susceptible than other subsysters to external intetferénce because of the relative-
ly largé numbér of switching dévicea that it containg,

6. CONCLUSIONS

The main conclusions réached from the investigations of SKYNET 2B ancina-
lous telemetry data are as foliows:
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(1) The majority of the repetitive types of SKYNET 2B telemetry ancmalivs
can be attributed to eavironmentally-induced spacecraft charging effects for the
following réasons:

(a) The most likely source of these zndinalies is the presence of short
bursts of electromagnetic r: interference in the vicinity of the space-
craft. (Anomalies due to EMI from other sourcés having been elimi-
nated by careful scrutiny of the data.)

{b) There was no othier more conveiitional source of EMI within the
spacecraft and there was no previous evidence of such interference
during prelaunch ground test programmes.

(c) The occtrreénce of thé anomaolieés 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.

(?) Important features of the SKYNET 2B data compared with those of other
gpactcraft are:

(a) The very large numbers recorded due to continuous monitoring, and

(b) The relatively even daily distribution with local spacécraft time.

(3) The most important unanswered questions concert the precise nature of
the envirotimental phenomena and their interaction with the spacecraft. The
charge/discharge mechanisme which would produce 4 large number of anomalous
events with a relatively even daily distribution such as ohserved on SKYNET 2B
ard additionally have the observed seasonal distribution, also réquire further
study.
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