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1. BATKGROUND

In 1974, o set of tnstruments deeigned to detect the occurrence of electrical
breakdowns was flown on a synchronoug-orbit satellite.  The measurertients make
an interesting complemient to those reported earlier at this conference by Bob
Lovell of NASA LeRC. The LeRC se¢rsors were installed on cables inside the
vehtcle. 2 A ccordingly, they respond to signals coupled into the satellite wiring
system. The SR! sensors were located on the exterior of the vehicle arid detected
the.rf noige pulses agsociated wfth durface breakdowns.

The results of the earlier SRI program are belng used to design end develop a
set of {hstrumentation suitable for inclugion as a general piggy-back package for
the detection of the onget of satellite chargiag and breakdowns ott synchronous orbit
satellites. This system will be flown as the Transient Pulse Monitor (TPM) rys-
tem on the SCATHA spacecraft.
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2. TEST SATELLITEANSTRUMENTATION

The {nétrumentation flown on the teet satellite was capalble of detecting the
onget of geomdgnetically dlsturbed conditions and of detecting and counting elestri-
¢4l breakdowns. ! The system, shown in Flgure 1, used a se¢nsér plate mdunted
on the outside surface of the vehicle 48 both an electric digole antenna t6 plek up
noise puldés and as & Langmulr lon probe. Since the probe electrode was blaged
-5, 6 volts WIth respect to the vehicle frame, it normally collected positive ions
and repelled photoelectrons, Under disturbed conditions the ion probe rystam
measgured the differencs between the photoelectron current from the surface of the
detec¢tor plate and the plasme electron current incident on the plate. Thus, #sub-
storms are indlcated by & depressed probe current. Since the dc amplifier used
with the ioti probe system was unipolar, titmes when the Current ig reversed are
indicated.by a 2¢ro ton probe Current reading.

Noise pulses induced in the #eneor plate antenna are coupled through capacitor.
C to6 the preamplifier- counter electronice. Sensttivity testg of the pulse counting
systern were conducted uging the set up shown in Figure 2. A thermal-control
panel was placed inside a glags bell jar and illuminated with an electron beam to
generate discharges from the mirror cells comprising the surface of the panel.
The sensor electrode and eleciuronics system flown on the flight vehicle were used
to detedt the noise pulses generated. Provisions Were made to place the sénsér at
varioug distances froin the edge of the thermal control. The regults of these teste
indicated that the puige counter would reliably detect breakdowns within roughly a
meter of the g&nsar plate.
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3. ORBITAL DATA-

Figurés 3 and 4 show data recordad during both undisturbed end disturbed-
geomagnetic field.conditions fbr ohe complete satellite orbit. At synéhzonsus
altitudes, each &rblt is 24 hr long, sampling all local times equally. Data from
the {on-current probe are plotted 2s a function of local time (LT) in the upper panel
of Figures 3and 4. These date were selected.at po'nts in the satellite rotation at
Which tae totdl probe Current was a maximurn (this corresponde t& the orientation..
atwhich the detector plate is most nearly perpendicular to the Bun direction re-
gulting thé maximum photoemission current). The geomagnetic field conditione
Were determined-by examination of Ay and. Ky shown at the top of Figurer; 3 and 4.
Eigure 3 shows data typically recorded during undisturbed geomagnetic field
conditions, It shows the diuraal variation occurs because of the wopenderice of
photoelectron current on the angle between the sun direction and the detector plate.
At local evening and local morning the sun is normally incident to the detectér
plate, and the peak photoeléstran curreat-density has a maxaimum of about 80 uA/
mZ. At local midnight the Bun is obliquely incident to the detector plate, and the
peak photoelectsle cuzrent has a minimum of about 30 uA /m2. Near local noon
the body of the spacecraft shadow8 the detectok, and the photoelectron current is
reduced nearly to zero, as ghown froin 10.7 -13.3 hours LT in Figure 3. These
data »epresant the usual diurnal variation of peak phétoelectron Current, and no
dépreasions of the prabe current indicating the injection bf erergetie electrbns are
obgerved,

The pulse-counter data.are ghown IN the lowér panels of Figures 3 and 4. The
data plotted are tho number of digcharges per mixiute that are detected by the pulse
counter. The number of counts were collected and averaged over a 10-min period.
For the quiet geormagnstic period shéwn in Figure 3, few dlseharges sre detected
by the instrument except from local evening to {seal midnight during which rates
averaging slightly less than 1/min afe bbserved. Count rates typicalily near 30Ar
are obeerved o1 almost every orbit from 15cal evenlng to local midnight.

Flgure 4 illustrates data recorded during ad orit én 31 January 1974 for
which a modeiate geomagnetic field disturbarice was {ndicated by the magnetic
indices. The:injection of energetic electrong at éynchrondus altitude wall detected
by depressions of the total pré¥e current ¢aused By {néreases in the plasmaceles-
tron current during the tnjection event.

Two examples of data recorded during satellite eclipse are ghowri in Figures 5
ghd 6. Flgiire 5 §hows the {or-current prbbe and pulse cdunter data recérded
during undi{sturbed geomdgrietic conditiorid. During satelllte eclipse the probe
current from Le detectsr pllte drops to nearly zers because solar ultraviolet
rad{ation 18 hot predent to caude phstoerri{asion from the detectbr plate.
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Smooth changes in the total grbbe current on either side of satellite eclipse are
caused by changes in the satellite or{entation (see Figure 3 and the related digcus-
gion of the dturnal variation in total prbbe curremt). Only a few pulse counts are
sbserved by the pulde couater during this pass. (Thepulse counver data are
accurmiulated and.averaged over a 2 min pericd for the data shown in F -ires 5

and 8.)

Figure 6 shows an example bf data recerded during a magnetospheric substorm
near satellite eclipse. A depression of the ion probe currert indicating the injec-
tion of energetic electrdns IS sbserved just after the satellite emerges frbm
eclipse (compare theee data With those ghown in Figure 5). Discharge rate8 as
high a8 10/mifa are obeerved In association with this subetbrm electron-injection
event.

The data in Figure 6 show that the-discharges are associated With the injection
of the energetic electron8 near local midnight, and not with satellite eclipse. The
beginning of the plasma-injection event shown in Figure & canno be deterniined
from the tan-current probe data because the gatellite is in eclipse. It is possible
that the discharge rates may have been enhanced during satellite eslipsé; however
the generating mechanism of the discharge is Clearly the erérgetic plasma injec-
tion during the magnetospheric substorm.

These four examples bf discharges obgerved by the static charge experiment
are typical of the several conditibhs under which gynchronous orbiting satellites
must functtbd. They ghow that electr{cal digcharges are observed duririg sub-
gtorme 4t rates near 10/min ON the satellite's external surface, THeése dlgcharges
occur when eneérgetic electrons are injected ts .synchronous &lt{tudes near local
midnight. These discharges are probably caused by the charging of dielectric
surfaces to large negative potentials during the electrsn njectidn events.

Other discharges are observed near local evening and at other points in srbit
at which dlactiarges were not expected to occur. These discharges have lower
rates (1/2 min); however, they otcur on egsentially all satellite orbits from local
evening to local midnight. The generation af tnede digcharges 18 nbt well under-
gtocd at the time of this writing.

several types of englnesring orbitsl anomalles have oceurred on this satellite
that have been suppséed td be related to electrical digcharges. These ariomalies
donglgt of a type of anomalous detector response and an uncotirhanded reget of a
gétellits comimand circult, Thesge andrrialies have océurred on several bther
gatellites tn add{tion to the gatellite on whkh this experiment was flows. An
examination of the values ai groufid-Based georiagnetic indicés at thé tiries of
occufrence of the ariotnalies strongly suggests that they are related to Intenee 8ub-
gtorrh dctivity. Thus, it was suggested that such anomallee were generated by
intérference from the electromagrietic radiation of elecirical digcharges.
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During the period of dperation of tlils experiment, gevérsl occurrences of both
types of these dnomalies were reported. Fbr the anomalous detéctor regponse, a
total of 35 occurrenges were reported. Fur 31 of these cages a diocharge was
obsgerved by the experiment coincidéntly with the anomaloug detector response
Thege ansrialous responses were repbrted on seversl different days, afid the proba-
bility that the coircidences occurred by chahce is essentially zero There were
total of 8 of the uncommanded Circuit resets. aund 5 of theee resets occurred
coincidently with detection bf discharges by the experiment. Thus, data from this
experiment has confirmed the hypothesis that these types of orbital engineering
anomaliee are ¢auged by interference froen these electrical digcharges.

4. SCATHA TRANSIENT PULSE MONITOR

Baged On the experience gained ih the satellite! tests, a low-level program of
planning and instrument development was initiated at SRI. The objective was the
development of a Bet f compact, lightweight instruments to detect the occurrence
of an electron injection event, to measure electric field E and current density J at
the vehicle surfate, and to detect, count, and characterize the pulse waveforms
from electrical breakdowns on the Satellite surface. A design goal was tb develop
simple instruments suitable fbr use on & piggy-batk basis on a large number of
satellites.

The pulge detection and characterization system will be repackaged and flown
on the SCATHA satellite ag a TPM. Althdugh the TPM systém can be uled to mea-
Bure pulses either an the outside or inside of the satellite, the SCATHA TPM
system will be ueed entirely with internal sensors since the electromagnetic signa-
ture of the breakdown pulse On the exterior of the vehicle Will be characterized by
the SC1-2 experiment.

The purpose of the TPM system will be to.acquire amplitude and pulse charac-
teristics Of transients csupled into vehicle power and s{gnal lines When .the gpace-
craft experlences arc discharges. Requirements imposed on the TPM aystem are
as follows:

(1) Measure peak pulde ampittude bbth + arld - separately.

(2) Detéermine number of trangierts abgolute (+ and -).

(3) Measure total enérgy both + arid - Bepbrately.

(4) Accomplish thege measuremetits within the followlrg constraints:

(a) 60 dB dyrnamic range on amplifiers.
(b) Selectelther a single pulée and/or multiple pulsed.
(c) Frequencyresporise > 50 MHz,
These meastreniernt capabilitivs are {llustrated graphicaily in Figure 7.
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The functionsl deploymenit of the TPM systeni will be as follows:

(1) Four (4) separate channels capablé of ylelding the complete data stipulated
under requiremerits for each channel.

(2) Locatibns within the spacecraft will be:

(a) Cable bundle antenna (low impedance).

(b) Cable bundle antenna (high impedance).

{(¢) Current probe bn primary power reference ground.
(@) Current prbbe on solar array power input.

A functional block diagram of the TPM is skowrt i Figure 8. The ultimate
form bf the sydtern stemmied from the requirement that it be able to provide infbr-
metion about the induced nvise pulses even thbugh the paratieters of interest might
vary over a conglderablé range. Wide dynamic rariges were achieved in several
ways. First, logarithmic amplifier/detectors were used id the pulse-peak med-
suring §ystern. The pulse-ititegral measuring system Has provisions for adjusting
threghold in orbit to avold the porsibility of data being inadverteritly contaminated
by system noige. Since it ig not cléar what th~ prf of breakdowns o SCATHA will
be, provigions are included to commiarid the pulse-peak and pulse-integral-measur-
ing systems to operate with a 1 sec mieasuririg window or to ogerate for only
100 usec after the {{rat pulse occurirg ir & telemetry window.
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The sample-and-hoeld cirsuft for each output channel iIs arranged ¢ that data
abtained during one telemetry window are transférred to the sample -and-hold
where they are stored for one telemetry period during which time all of the output
channels are interrogsted by the teiemetry systems. Thus, &li of the data read
duririg & particular window were generated during the seme dingle telemetry pertode— . ___

The pulse-peak detector's indicate the peek emplitude observed during the
commanded window. (If several pulses ocaur, the highest will be meaeured.)
The pulse-integral system {ndicates the integral bver the enttre window of that
signal above the. comnmanded threstold level. The event-counter indicates the
number of pulses oceuring during a 1sec period regardless of which mode is
commanded for the pulge-peak and pulse-integral systems.

Packaging of the system is such as to minimize size and weight in order that

it canbe used a8 a plggy-back installatién with minimum Weight, volume, and
power impact.
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