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2. Transient Response Measurements
on a Satellite System

J.E. Neanevicz and R.C. Adamo
Elecmmugmﬂc Scientes Laboratory
tenford Research Institute

1. BATKGROUND

Ih 1974, a set of instiuments degigned to detect the occurrence of e¢iectrical
bréakdowhs was flown on a synchronous-orbit gatellite. | The measurerients make
an interesting complement to those reported earliér at this conference by Bob
Lovell of NASA LeRC. The LeRC serisors were installed on cables inside the
vehicle, 2 Accordingly, they respond to signals coupled into the satellite wiring
system. The SRI sensors were located on the exterior of the vehiclé ard detected
the.rf noise pulses agsociated with gurface bréakdowts.

The results of the earlier SRI program are being used to design and develop a
s¢t of ihstrumentation suitable for inclusion as a general piggy-back package for
the detection of the onset of catellite charging and breakdowns on synchronous orbit
satellites. This system will be flown as the Transient Pulse Monitor (TPM) rys-
tem oh the SCATHA spacecraft.
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2. TEST SATELLITEINSTRUMENTATION

The instrumentation flown on the test satellite was sapalbile of detecting the ]
onset of geomagnetically disturbed conditions and of detecting and counting elestri P
cal breakdowns. ! The system, shown in Figure 1, used a sensor plate mounted
on the outside gurface of the vehicle as both an electric dipole antenna to pick up
noise pulses and as a Langmuir ion probe. Since the probe electrode was biased
-5. & volts with respect to the vehicle frame, it normally collected positive ionsg
and repelled photoelectrons. Under disturbed conditions the ion probe system -
measures the differencs between the photoelectron current from the surface of the
detector plate and the plasme electron current incident on the plate. Thus, sub-
storms are indicated by a depressed probe current. Since the dc amplifier used
with the ion probe system was unipolar, times when the current is reversed are
indicated.by a zero ion probé durrent reading.

Noise pulses induced in the gencor plate antennd are coupled through capacitor.
C to the preamplifier- counter electronics. Sensitivity tests of the pulse counting
system were conducted using the set up shown in Figure 2. A thermal-control.
panel was placed inside a glass 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 elecironics system flown on the flight vehicle were used
to detect the noise pulses generated. Provisions were made to place the sénsor at

virious distances from the edge of the thermal control. The results of these tests

indicated that the puise counteér would reliably détect breakdowns within roughly a 1
meter of the sénsor plate.
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3. ORBITAL DATA-

Figures 3 and 4 show data recordsd during both undisturbed and disturbed-
geomagnetic field conditions for one complete satellite orbit. At synchronous
altitudes, each 6rbit is 24 hr long, sampling all loéal times equally. Data from
the fon-current probe are plotted as a function of local time (LT) in the upper panel
of Figures 3 and 4. These data were selected.at po‘nts in the satellite rotation at
which the total probe current was a maximum (this corresponds to the orientation
at which the detector platé is most nearly petrpendicular to the sun direction re-
gulting thé maximum photoemission current). The geomagnetic field conditions
were determined.by examination of Ap and K, shown at the top of Figures 3 and 4.
Figure 3 shows data typically recorded during undisturbed geomagnetic field
conditions. It shows the diuraal variation occurs because of the uependence of
photoeléectron 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 detector
plate, and the peak photoelectron current-density has a maximum of about 80 ua /
m?. At local midnight the sun is obliquely incident to the detector plate, and the
peak photoelectric current has a minitnum of about 30 uA /m2. Near local noon
the body of the spacecraft shadows the detéctor, and the photoelectron current is
reduced nearly to zero, as shown from 10.7 -13. 3 hours LT in Figure 3. These
data represént the usual diurnal variation of peak photoelectron éurrent, and no
dépressions of the probe current indicating the injection of erergetic electrons are
observed.

The pulsé-counter data.are shown in the lowér panels of Figures 3 and 4. The
data plotted are the number of discharges per minute that are detected by the pulse
counter. The.number of counts were collected and averaged over a 10-min period.
For the quiet geomagnetic period shéwn in Figure 3, few discharges sredetected
by the instrument except from local evening to local midnight during which rates
averaging slightly less than 1/min arfe observed. Count rates typically near 30/hr
are obssrved on almost every orbit from 16cal evening to local midnight.

Figure 4 illustrates data recorded during an orbit on 31 January 1974 for
which & modevate geomagnetic field disturbarice was indicated by the magnetic
indices. The injection of ehergetic electrons at synchronbus altitude was detected
by depressions of the total probe current ¢aused by inéreases in the plasma-elec-
tron current during the injection event.

Two examiples of data recorded during satellite eclipse are showri in Figures 5
and 6. Figire 5 Shows the iori-current probe and pulse counter data recérded .
during undisturbed géomagrietic conditioris. During satellite eclipse the probe
curfent from the detector plate drops to nearly zero because solar ultraviolet
radiation {s fiot predent to caude photoemission from the detector plite.
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Figure 3. Static-Charge Experiment Data From an Orbit for which No Substorm
Activity was Observed. (The ion-current probe data shows the usual diurnal
variation. Few electrical discharges are observed except on the interval from
l6cal evening to loc¢al midnight.)
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Figure 4. Static-Charge Experitent Data From an Orbit for which Substorm

\ Actlvity was Observed. (Depressions of the ion-probe cufrent near local mid-
R night are caused by the injection of energetic electrons to 8yrichirorioud altitudes.
Discharge rates as high és six per minute are measured by thé pulde couriter
iy during the electron injection event. )
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Figure 5. Static-Charge Experiment Data Recorded During Undisturbed Geomag-
netic Field Conditions Through Satellite Eclipse. (The probe current drops to
nearly zero when the photoelectric current i& cut off by the earth's shadow. Only
a few discharges are vbsérved.during this pass.) R
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Figure 6. Static-Charge Experimeént Data Recorded During Disturbed Geomag-
fietic Field Conditions Through Satellite Eclipse. (An energetic electron ifijection
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Smooth changes in the total probe current on éither side of satellite eclipse are
caused by thanges in the Batellite ori{entation (see Figure 3 and the related discus-
gion of the diurnal variation in total probe current). Orly a few pulse counts are
observed by the pulse counter during this pags. (The pulse counier data are
accumulated and.avéeraged over a 2 min period for the data shown in F' ~ireg 5
and 6.)

Figure 6 shows an example of data recorded during a magnetosphéric substorm
near satellite eclipse. A depression of the ion probe current indicating the injec-
tion of energetic electrons is observed just after the satellite emerges from
éclipse (comparé these data with those shown in Figure 5). Discharge rates as
high as 10/min are observed in association with this substorm électron-injection

L

4 event.
B3 The data in Figure 6 show that the_discharges are associated with the injection
% of the eénergetic electrons near local midhight, and not with satellite eclipse. The

beginning of the plisma-injection event shown in Figure & canno. be determined
from the ion-current probe data because the satellite is in eclipge. It is pogsible
that the discharge rates may have beén enhanced during satellite eclipsé; however
the generating mechanism of the discharge.. is clearly the energetic plasma injec-
tion during the magnetospherit substorm.

These four examples of discharges observed by the static charge experiment
areé typical of the several conditions undér which synchronous orbiting satellites i
must function. They show that electrical discharges are obsérved during sub-
gtorms 4t rates near 10/min on the satellite's external surface. Theése discherges
occur when énérgetic electrons are injected to.syncL.ronous altitudes near local
midnight. These discharges are probably caused by the chargiag of dielectric
surfaces to large negative potentials during the electron injection events.

Other discharges are observed riear local evening and at other points in orbit
at which discharges 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 of tnese diacharges is not well unider-
stocd at the time of this writing. |

Several types of engineering orbitsl anomalies have occurred on this gatellite 4
that Have been supposed to be related to electrical discharges. These ariomalies
consist of & type of anomalous detec*or response and an uncoirhanded reset of a
satellite command circuit. These anomalies have océurred.on several other ;
gatellites iri addition to the gatellile ori which this experiment was flown. An
examination of the valties of ground-based geormagnetic indicés at the tiries of
occurrence of thé arnomalies strongly suggests that they are relited to intense dub-
atormh activity. Thus, it was éuggeéted that such andmailies were geriérated by i
{ntérference from the electromagrietic radiation of electrical discharges. |




During the period of dperation of tliis experiment, geveral occurrences of both
types of these anomalies were repdrted. For the anomalous detéctor response, a
total of 35 occurtences were reported. For 31 of these cases a diocharge was
observed by the expériment coincideéntly with the anomalous detector response.
Thede anomalous responses were reported oh sevéral different days, ard the proba-
bility that the coircidences octurred by chance is esséntially zero. There were a
total of 6 of the uncomimanded circuit resets, and 5 of these resets occurred
coincidently with detection of discharges by the experiment. Thus, data from this
éxperiment has confirmed the hypothesis that these types of orbital engineering
anomalies are ¢aused by interference frotn these electrical discharges.

4. SCATHA TRANSIENT PULSE MONITOR

Based on the experience gained in the satellite tests, a low-level program of
planning and instrument dévelopment was initiated at SRI. The objective was the
development of a set 6f compact, lightweight instruments to detect the dccurrerice
of an electron injection event, to measure électric field E and current density J at
the vehicle surface, and to detect, count, and characterize the pulse wavefornis
from electrical bréakdowns on the satellite surface. A design goal was to develop
simple instruments suitable for use on a piggy-back basis ot a4 large number of
satellites.

The pulse detection and characterization 8ystem will be repackaged and flowrn
on the SCA THA satellite a5 a TPM. Although the TPM 8ystém can be used to mea-
sure pulses either on the outside or inside of the satellite, the SCATHA TPM
system will be used entirely with internal sensors since the electromagnetic signa-
ture of the breakdown pulse on the extérior 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 trangients coupled into vehicle power and signal lines wlien the gpace-
craft experiences arc discharges. Requirements imposed on the TPM &ystem are
as follows:

(1) Measure peak pulse amplitude both + and - separately.

(2) Detertmine number of transiernts absolute (+ and -).

(3) Measure total energyboth + and - geparately.

(4) Accomplish these meéasurements within the following conétraints:

(a) 60 dB dynamic range on amplifiers.
(b) Select either a single pulge and/or multiple pulses.
(c) Frequencyresponse > 50 MHz.
These measureniert capabilitivs are {llustrated graphically in Figure 7.
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Figure 7. Data Derived From Transient-Pulge Monitor

The functional deploymerit of the TPM systerii will be as follows:

(1) Four (4) séparate channéls capablé of yielding the complete data stipulated
under requiremerit§ for each channel.

(2) Locations within thé spacecraft will be:

(a) Cable bundle anteénna (low impedance).

(b) Cable bundle antenna (high impedance).

(c) Current probé on primary power reference ground.
(d) Current probeé on solar array power input.

A functional block diagram of the TPM is shown i Figure 8. The ultimate
form of the system &stemmied from the requirement that it be able to provide infor-
mation about the induced nbise pulses éven though the parameters of interest might
vary over a condiderablé range. Wide dynariic rariged were achievéd in several
ways. First, logarithmic amplifier/detectors were used in the pulde-peak med-
suring system. The pulse-irtegral measuring system Has provisions for adjusting
threshiold iri orbit to avold the porasibility of data being inadverteritly cofitaminated
by system noige. Since it is not cléak what th~ pif of breakdowns oni SCATHA will
be, provigions dre included to commiand the pulse-peak and pulse-integral . measur-
ing systems to operdte with a 1 séc measuring window or to operate for only
100 usec after the first pulde occuring ifi d telemetry wiridow.
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The sample-and-hold cireuft for eath
sbtained during one telemetry window are
where they are stored for one teler
channels are interrogated by the tes
during & particular window were generate

The pulse-penk detectors {ndicate the pe
commanded window. (If geveral pulges ocour,
The pulde-integral systéem {ndicates the integral over
signal above the commanded threshio
number of pulses occuring during a
commanded for the pulge-peak and pulse-int

Packaging of the system ig such as to m

it can be used as a piggy-back {nstallation with minimum weight, volume, and

power impact.
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