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SUMMARY

The SCATHA (P78-2) satellite payload includes & Charging Electrical
Effects Analyzer (CEEA) to measure the characteristics of electrical dis-
charges in both the frequency and time domain. Pulses are detected in re-
sponse to coumands, during electron and ion beam operations and during natural
discharge events. The Pulse Analyzer which measures the shape of pulses on
four sensors is the primary CEEA diagnostic for the natural discharges. To
date 233 days of Pulse Analyzer data have been reduced. Nineteen pulses on
ten different days have been related to natural discharges. Many of these are
related to the solar illumination of the vehicle. Two occurred shortly after
the satellite exited the earth's umbra. On May 26, 1979 six pulses were
detected in sunlight within a period of 14 minutes. All six occurred at
pugiuly the sane spin phase suggesting that a single point on the vehicle
vas breaking down. Only five discharges have been found in the data at a time
when the Pulse Analyzer was in mode with sufficient time resolution to resolve
the frequency components in the waveform.

INTRODUCTION

The Charging Electrical Effects Analyzer (CEEA) was: provided for the
SCATHA (P78-2) satellite payload to verify that electrical discharges are
occurring vhen other instruments messure large differential potentials between
surface materials on the vehicle.

*This work was supported by che U. S. Air Force under Contract No. F04701-80-
c-0081.
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The CEEA consists of three instruments: the Pulse Analyzer, the VLF
Analyzer, and the RF Analyzer. The Pulse Analyzer measures the number of
pulses, their amplitudes and shapes on four sensors. The VLF Analyzer measures
the electric and magnetic field spectra of waves in the £frequency range
from 100 Hz to 300 kHz. The RF Analyzer measures the electric field
intensity on a 1.8~m monopole antenna in the f}'equency range from 2 to 30 MHz.

In this paper I present results from the Pulse Analyzer from 233 days
between 7 February 1979 and 20 Juyne 1980. This period covers quiet and active
days, eclipses, and electron and ion beam operatioms. The 1instrument is
described in the aext section. That is followed by a presentation of the
statistics of pulses detected. Individual time periods of special interest
are described in detail. 1In the final sections the aspect dependence and
frequency spcctfum of the natural discharges are described.

INSTRUMENT DESCRIPTION

The Pulse Analyzer measures the shape of electromagnetic pulses in the
time domain from 7 ns to 3.7 ms. The pulse analyses are made on four sensors:
(1) a loop antenna around one of the two redundant space vehicle Command
Distribution Units, (2) a wire along the outside of a "typical” space vehicle
cable bundle, (3) an external short dipole antenna at the end of a 2-m boom,
and (4) a digital command line from the Command Distribution Unit to the Pulse
Analyzer.

The signal processor may be switched by command to any of the four sen-
sors. It then steps automatically through the selected sensors mouitoring
each in cturn for 16 ssc. The functional block diagram is shown in Figure l.
When a signal exceeds a commandable threshold its amplitude is sampled at 16
points to measure the pulse shape. The 16 samples may be spaced logarithmic~
ally or linearly in time. The logarithmic spacing covers the range froa 7 ns

“to 492 us. The linear spacing is commandable with the following options:

.
%

0.015, 0,060, 0.24, 1.0, 3.8, 30, and 250 us. The amplitude is measured dy a
bank of 24 discriminators, 12 positive and 12 negative. The total range of
the discriminator bank is 3 aV to 1.8 V. The signal from each sensor can be
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Figure 1. Functional Block Diagram of the SC1~8B Pulse Analyzer




attenuated by command to place it within this range. There are six attenua~-
tion settings that select measurement ranges from 3 mV to 1.84 V at minimum
attenuation to 3.46 V to 1910 V at maximum attenuation. The threshold is
coupled to the attenuation setting. The attenuation, threshold, and sampling
interval can be independently coumanded for each sensor. The number of pulses
per second above four selectable :hresﬁolds is also measured. Three of the
thresholds are determined by the attenuation selection, the fourth is the
pulse analysis threshold.

The instrument is coumanded by a 22-bit serial magnitude command of which
ouly the seven least significant bits are used.

In its normal mode of operation the instrument steps through each of four
sensors monitoring each for 16 sec in sequence. The threshold and attenua-

tions for each sensor are determined by experience on orbit.

Initial measurements have been made with the logarithmic sample
spacing. Linear spacing (15 ns) has been used since October 1979 because
typical pulses prove to be shorter than 200 ns.

Inflight verification of the calibration is accomplished by sending
serial magnitude commands from the Command Distribution Unit to the serial

i
magnitude command sensor.

DATA

The Pulse Analyzer was turned-on and successfully checked ocut omn~orbit on
February 5, 1979. Initial operations began with the pulse analysis threshold
sat at 0.651 V and the countrate thresholds set as shown in table 1, column
l. At this setting onlf two pulses were detected during the 72 hours of data
available from February 12-14. Both of these pulses occurred during $C4=2 Ion
Beam operations on February l4. The pulseas had a width at half saximum of
500 us and an amplitude of 0.7 V.

Because it was apparent that very few pulses were being detected the
thres' 2n1d was 1lr rered on February 18 to 0.165 V with the associated countrate
thresti..w 1: .ed ia table 1, column 2.

10
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At this threshold the analyzer occasionally responds to pulses generated
when commands are sent to the vehicle. Pulses occurring within one second of
a command are attributed to a vehicle or payload response to the command and
are identified as Command Pulses in table 2. ‘

An interesting variation to this is a pulse that occurs approximately 20
s after the vehicle transmitter is turned off. These have been identified
with the time that the ground station command transmitter ceases sending s—
tones to the vehicle. They are identified as Command Pulses in table 2.

A second source of pulses is the anteana switch in the VLF Analyzer.
This experiment is housed in the same package as the Pulse Analyzer. When the
VLF antenna switches from the magnetic antemna to the electric antenna a pulse
is detected on the Pulse Analyzer Command Line Sensor. This pulse occurs once
every 64s. Since pulses are synchronized to the vehicle clock they can be
readily identified and they have been eliminated from the distributions 4in
table 2. -

The wmajority of the remaining pulses listed in table 2 occur during the

electron and ion beam operatioas.
NATURAL CHARGING EVENTS

Only 19 of the 2557 pulses cannot be associated with normal vehicle
commands or ion and electron besa operations. A summary of these pulses is
shown in table 3. Some of these pulses occurred during natural charging
events that have been studied in detail.

On 28 March, a natural charging event occurred during eclipse. This
event was unusual in that the satellits was in the earth's shadow over 1000 s
before an injecton of hot plasms near local midnight charged the vehicle
negatively. Figure 2 shows a composite of data from the Satellite Surface
Potential Monitors (SSPM), tha Pulse Analyzer, and the electron and ion detec-
tors on the Sheath Electric Field Experiment (SEFE). The SSPM and SEFE
instruments are described in reference 1. The differential potential between
a Kapton sample and the vehicle frame is plotted as a function of time in the
bottom panel. At the time the Kapton potential abruptly increases from back~

12
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Table 2

DISTRIBUTION OF PULSES DETECTED
BY THE PULSE ANALYZER

wowaoues| BRI somas oo BN AERENS
79 FEB| 10 0.65 15 l 6 0 9 0
1 0.17 66 66 - . 0
MAR| 25 0.17 519 249 175. 93 2
APR| 25 0.17 660 349 10 299 2
4 0.33 48 47 - - 1
Mar| 30 | 0.3 238 232 . R A
JUN| 26 0.33 328 180 148 - 0
JUL| 5 0.33 33 28 | - 5
: AUG| 9 0.33 46 45 - - 1 !
SEP| 5 0.33 34 33 - - 1 |
ocT| 7 0.33 74 41 33 - 0 -
Nov| 22 0.33 134 134 S - 0
DEC| 31 0.33 219 219 - - 0 |
80 JAN | 17 0.33 101 100 - - 1
APR| I 0.17 1 0 . -1 |
JUN| 6 0.17 41 37 - - 4
N i
TOTAL| 234 2857 1766 366 406 19

13
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ground to over one kilovolt, the mean electron energy increases from about one
kilovolt to greater than 20 kilovolts. About five minutes later a discharge
was detected by the Pulse Analyzer. Later a second discharge and a decrease
in the average Kapton potential occurs as the satellite crossed the terminator
from shadow into sunlight. During this charging event, the vehicle frame
increased to ~ =800V volts and maintained a potential near -4000 volts uncil
the spacecraft entered the sunlight. The data in figure 2 confirm that the
spacecraft charging induced by energetic electrons produced significanc dif-
ferential potentials and electrical discharges. The low energy limit of the
protons in figure 2 represents the potential of the spacecraft frame relative
to the plasma enviroument. This is seen to fluctuate around ~ -4 kV during
the charging event. The potential between the Kapton sample and the plasma is
found by adding the -4 kV of the spacecraft frame to the Kapton voltage.

On May 26, 1979 a series of six pulses was detected by the Pulse An;lyz;t
while the vehicle was in sunlight. These pulses occurred during ‘the
enhancement of the differential potential of a Kapton sample on the SSPM on
the end of the vehicle (Fig. 3). At that time the spin axis of the vehicle
made an angle of 90 deg with the sun-satellite line. At that angle the Kapton ’
sample is shadowed by the vehicle and is not discharged by sunlight. The data
from March 28 and May 26 demonstrate the correlation of eight of the 19 pulses
with differential charging on the vehicle. These pulses are assumed to be
discharges. These pulses were undersampled in the logarithmic time spacing
mode being used at the time. Hence frequency information cannot be obtained
from thenm.

Most of the remaining pulses occurred during time periods when the Kapton
samples on the Satellite Surface Potential Monitors were charged. Thc:anpli-
tude distribution of the discharges is shown in figure 4. The location of the
satellite at the time these pulses occurred is shown in figure S5 as a function
of local time and radial distance. This distribution is certainly consistent
with the local time dependence of circuit upsets on DoD and commercial satel-
lites (ref. 2). The data from June 1980 plotted at afternoon local times in
figure 5 demonstrate that discharges can also occur on the day side of the

: earth following moderate substorms.
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Figure 4, Amplitude Distribution of the 19 Natura)! Discharges Detected by the
Pulse Analyzer
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Figure S.

Local Time Distribution of the 19 Natural Discharges Detected by the
Pulse Analyzer
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The Boulder Geomagnetic Substorm Log lists a moderate substorm at 0745 UT
on June 11, and a second onset at 2230 UT on June 1l followed by minor mag-
netic storm conditions throughout the day on June 12 and 13,

ASPECT DEPENDENCE

The six discharges detected on May 26 occurred at the same rotational
phase of the vehicle. Since the vehicle was in sunlight this suggests that
one location on the vehicle was arcing. Presumably this would occur when the
potential difference suddenly increased as material on one side of the arc was
discharged by photocurrent as it passed into sunlight.

In order to determine if discharges on other dates occurred at the same
r;tational phase the azimuth and elevation of the sun in spacecraft coordi-
nates was calculated for a pumber of other discharges. The results are tabu-
lated in table 4 and the direction to the sun for these discharges is shown on
a schematic of the vehicle in figure 6. There is a large scatter in the data
implying that the location and mechanism described above for the May 26 dis~
charges are not the same for the others. The sun does tend to be 180 deg from
the magnetometer boom suggesting that this boom plays a role in a significant
number of the discharges. NASCAP models of the SCATHA satellite show the
larges:'diffcroncial potentials occur at the booms (N. John Stevens, private
communication, 1980).

FREQUENCY SPECTRUM
Five discharge pulses have been detected with the pulse analyzer in a
mode of operation with a linear sample spacing of 15 nanoseconds. It can then
be used to measure the dominant frequency components in each pulse. A compu~

ter fit of the functional form

- -, t
v vo +£ Vi e 1 cool(21£1: + ¢1)
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Figure 6. Direction of the Sun (radial lines at outer circle) in Space Vehicle
Coordinate System When Natural Discharges Occurred




was made to the sixteen sample points. The parameters giving the best fit in
the least squares sense are shown in table 5. For highly damped waveforms a
decaying exponental term was also included in the sum. The data and fits are
shown in figures 7 and 8. The pulses are quite d'fferent with dominant fre-
quencies from 5 to 32 MHz and peak amplitudes from 0.08 to 0.89 volts.

To date too few natural discharge pulses have been found to adequately
characterize the discharges for the purpose of validating discharge coupling
models and ground—based discharge tests using scale-sized models of the SCATHA
satellite.

Pulses are also detected during normal vehicle operations and electron
and ion beam operations.

On March 23, 1980, the Pulse Anslyzer detected a pulse at 1411:36 UT
during electron beam operatiomns at 1.5 kV 1 ma. At 1424:20 UT a pulse due to
the automatic antenna switch in the VLF experiment was detected. Both pulses
were measured on the command sensor line in the high resolution mode. A
computer fit was made to the pulse shapes of these pulses in order to compare
them with the discharge related pulses. The parametars giving the best fit
are shown in table 6. '

For the pulse during electron gun- operatiocns that best f£it was obtained
for two frequencies. One of the two frequancies showed a slight growth rate
while the other was slightly damped. The pulse shape is shown in figure 9. I
believe that the appropriste conclusion is that the damping is very small and
that the data set is too short to determina the damping coefficient.

For the antenna switch pulse the best fit was again obtained for two
frequanciss. The frequencies differ significantly from those obtained for the
electron beam pulse and the natural discharges. The anteanna switch pulse 1is
shown in figure 9.
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Figure 8. Shape of Two Natural Discharges Detected by the Pulse Analyzer.
The large solid dots are the data points. The small dots are
the result of a computed fit to the data points.
%

26




€°L2¢ m‘g X G66°¢ SEL°0 0°91
9°S¥ -°~ XLl9°¢ L6E -0 0°6 auyy
L00°0- ano 0981s | 08/g2/¢
JdSTNd VNNIALNV dTA
6°9v mnS xzZe'1- orL°0 ¥°9z
¥°281 m..c— xX'1G¢g+ 680°0 ¥l suy
€00°0- ano 9601¢S 08/¢€2/¢
ISTINd NND NOYLOITA
3ap [-8U 8310A ZHN spuodeg
Iseyyg Juydwie( spnjiidwy Aduenbea g losuss In aiva

SYALAWVEVA DNILLII ISTNd
9 ’lqeL

27




*sjuyod eiep 3yl o3 I} pajyndwod ®

®iep 3Y3 aiv sjop pyros adaey ayg

3O IINsax 3yl aiw sjop [rEws Iy

*sjujod

*suor3eaadp a1dIYap 031 ang sasng on] jo adeyg

U ‘Wil

0s¢ 00

. cesn .o .
(X e o oo LI ) (Y] oo (2] ® [ 13
. s se LI ) eeve L) soe . (XY} L] oo see
. o o se s o o * o ee o * o . e @ o o o oo
. s . . v e . . o . . ve o s @ ® 00 0. O
. ee L] . L L] - . L4 - L L] . * L] L - L] L] * L -
o o . . * e ¢ . . s . . o ¢ o e o s o oo
* o * e e o o e ¢ o . oo . oo *Qoe e Qe .
. o .. e o LRy soe LR .o . 0 LY
sse e o soe . ose (44 ose 9 ! 2
oo .o L L]

0s¢

35INd NNY NOYL)TH

SuU ‘INIL
00t 08¢

—
® L
oe .o [TT)
. s [ ) L) .
. o e ® o of
s ee o .  —
L] ove *e * °
. [ Y . ]
. e eo

-
08/ez/¢

_-_____ﬂ____.._._..lw.c.
. . - e o2
cones o e e . e .- - m
e WL L T, St S, . e. —o c
Creen” PSP oue -t W . .Vu.
R o s
: 73
fl
3STNd HOLIMS VNNIINY TTA 08/cz/c °0

00¢ o<l
| |

8.6
?

9
?
SUOA ‘3ANLITAWY

9
(=]

*6 ®andy4




1.

2.

REFERENCES

Stevens, J. R., and Vampola, A. L.: Description of the Space Test Program
P73~2 Spacecraft and Payloads, SAMSO TR-78=24, 1978.

McPherson, D. A.; Cauffman, D. P.; and Schober, W. R.: épaccctaft Charg-
ing at High Altitudes: SCATHA Satellite Program, .. Spacecraft and
Rockets, Vol. 12, No. 10, Oct. 1975, pp. 621-626.

et P A




[ SV .
l I I I, s re - . . S F s e e A ok < WS v R R i TR R S AR

LABORATORY OPERATIONS

The Laboratory Operations of The Aarospsce Corporation is conducting axper-
imental and theoretical investigations necessary for the evaluation and applica-
tion of acientific aedvances to naw wmilitary space systema. Versstility and
flexidbility have been developed to a high dagree by the laboratory persomnel in
dealing with the many problems emcountersd in the nstion's rapidly developing
space systems. Expertise in the latest scientific developments is vital to the
accomplishment of tasks related to these problams. The lsboratories that com-
tribute ‘to this research sre:

Aerophysice Laboratory: Launch vehicle and reentry serodynsmics and heat
transfer, propulsion eﬁ-;ltry and fluid wmechanics, structural wechanics, flight
dynasics; high~tesperature thermosechanics, geas kinetics and radiation; resestch
h in environsentsl cheamistry and contamination; cw and pulsed chemfcal laser

. development including chemical kinetics, spectroscopy, optical resonstors and
bean pointing, atwospheric propagation, laser effects and countermeasufes.

Chemistry asnd Physics laboratory: Atmospheric chemfical reactions, estwo-
spheric optics, 1ight scattering, state-specific chemicel resctions and radta-
tion transport in rocket plumes, applied laser spectroscopy, leser chemistry,
battery electrochemistry, spece vacuum and radiation effects on materials, le-

) brication and surface phencmana, tharsionic wemission, photosensitive materials
and detectors, atomic freq dards, and Df ironmental research and .
monitoring. i

Electronics Research Laboratory: Microslectronics, GaAs lowv-notse and
power devicas, semiconductor Enn, slectrosagnetic and optical propagation
phenosana, quantus electromics, laser communicstions, lidar, and electro-optics;
communication sciences, applied el fce, senicond crystal snd device

physics, radiometric imsging; sillimeter-wave and microwave technology.

lnformstion Sciences Resesrch Office: Program verificetion, progres trans-
lation, performsnce-sensitive system 1gn, distriduted architectures for
pacedorne comp » feult-tolerant computer systems, artificial intelligence,
and microelectronics applications.

Materials Sciences laboratory: Development of new ssterisls: wmetal matrix
couposites, polymers, and new !lorl- of carbon; component fsilure anslysis and
reliability; £ hanics and corr ; ovalvation of materials ia
spece anviromment; sateriale performance in space t P fos sys anal-

ysis of systems wulnersbility and survivability in enemy-iaduced envirocements.

!ecc lelm.g hgntogl Atmospheric and fomospheric physics, rsdiation
from the stsosphere, density snd cowposition of the upper stmosphare, serorae
and sirglow; magnetospheric physics, cossic rays, generation and propsgation of
plasss waves in the magnetosphers; solar physics, iafrared astronvamy; the
effects of puclest explosions, megnetic storss, and eolar sctivity on the
earth's phnee, 4 phere, and wmag phere; the effects of opticel,
slectromagnetic, and particulate radiations in epace on space systems.
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