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SUMMARY

Metal plates partially covered by 0.01-centimeter-thick fluorinated
ethylene-propylene (FEP) Téflon were charged in the lewis Research Center's
geomagnetic substorm simulation facility using 5-, 8-, 10-, and 12-kilovolt
electron beams. Surface.voltage as a function of time was medsured fotr vari-
ous initial conditions (Teflon discharged or precharged) with the metal plate
grounded or floating. Results indicate that both the charging rates and the
levels to which the samples become charged are influenced by the geometry and
initial charge state of the insulating surfaces.

The experiments are described and the results are presénted and discussed.
NASA charging analyzer program (NASCAP) models of the experiments have been
generated, and the predictions obtainied are described. Implications of the
study results for spacecraft are discussed.

INTRODUCTION

Anomédlous behavior of geogynchronous spacecraft has been attributed to the
arc dischdrging of differentially charged spacecraft surfaces (ref. 1). In ex-
amining the response of a spacecraft to thé charging envitonmént, it is of in-
terest to identify both the potentials to which various spacecraft surfaces
chdrge and the rates at which thése potentials vary in résporise to environmen-
tal changes. Of particulai interest are the magnitudes end rates of change of
the potential diffévences between various spacecraft surfaces.

It hds been reported that the potentials (with respect to spacé pldsma
potential) of the ATS-5 and ATS-6 spacecraft structures can cliange rapidly by
kilovolts in response to changes in the plasmd environment, entry into and exit
from eclipse, or the turning on or off of particle emitters (refs. 2 and 3).
This is not surprising since the capacitance of tuiesé spacecraft with tespect
to the envirooment is small. The question of inteérest here is the effect of
such chariges on poteritial differences between spacecraft structures and insu-
lating surface materials. Ground studies have shown tliat insulating f£ilads
mounted on grounded substrates and subjected to bcabardment by monoenergetic
electron beams with current densities typical of the geosynclironous substorm
efivironment require several minutes to reach equilibrium (refs. 4 and 5). Cal-
culations with one-dimensional models indicate that even longer times may be
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required to develop equilibrium differential charges in the actual space envi-
ronment (ref. 5).

The study described in this pdper was undertaken to investigate charging
rates and final potentials of insulating surfaces and underlying metal portions
of composite metal-dielecttric structures. It is an extension of work previous-
ly reported (ref. 5). Ideas touchéd oh in the éarlier study are refined and
revised on the basis of the datd presented here. This paper describes the com-
posite samples, the experiments, and their results. Predictions of the NASCAP
code (ref. 6) for some of the experiments are preserited and compared with the
data. Implications of the results for spacecraft are discussed.

EXPERIMENT DESCRIPTION

The experiments were performed in the Lewis Research Center's geomagnetic
substorm simulation facility (ref. 7). Samples were bombarded with beams of
5-, 8-, 10-, and 12-kilovolt electrons at a current density of 1 nA/cm?. All
tests were performed in the dark.

Samples Tested

Saimples consisted of metal plates of aluminum alloy partially covered by
strips of 0.0l-centimeter-thick silvered FEP Teflon tape in several configura-
tions. The tape was applied to the plates, silver side down, with conductive
adliesive. The plates were mounted on 6.3-centimeter-long ceramic posts to pro-
vide electrical isolation. Coaxial cable leads from the plates were brought
outside the tank so that the piates could be grounded to the tank structure or
allowed to float electrically.

Tests were performed on samples with four different patterns of Teflon
tape, shown in figure 1. All the plates were 15.2 centimeters by 20.6 centi-
meters and the Teflon tape was 5 centimeters wide. In the figure, crosshatched
areas (labeled M) represent exposed metdl and plain areas (labeled T) represent
Tetlon. The Teflon area is one-third the total for configuration 1, two-thirds
the total for configurations 2 and 3, and the entire surface area for configu-
raiion 4.

Test Sequences

Two series of tests were run: The first used one sample of configura-
tion 1 and one of configuration 2, and the second used one sample each of con-
figurations 2, 3, and 4. Test sequences afid quantities measured were the same
for both series of tests, but diagnostic capabilities were increased for the
second series.

In the first series of tests, surface voltage data were taken with a TREK
Model 340 and a surface voltage probe that was mounted on a radial arm and
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swept across the samples at a distance of 2 to 3 millimeters from the surface.
The probe was positioned to pass across the center of the sample (series 1
probe track in fig. 1). The probe could also be stopped at any point in its
sweep. Time histories of sample charging were teken both with the probe sweép-
ing back and forth actoss the sample surface and with the probe stoppéd over
the exposed metal plates. The stopped poaitions were chosén so that the
probe's 0.95-centiméter-diameter head did not shield the Teflon from the beam.

In the second series, two TREK Model 340 HV surface voltage probes were
mounted on the same swinging arm, again 2 to 3 millimeters from the surface.
These probes were positioned so that the upper prove passed across the vertical .
centerline 4.8 centimeters above the sample center and the lower probe passed
across the vertical centerline 6.6 centimeters below the sample center (se-
ries 2 probe tracks in fig. 1). Stopping the double-probe system over the ex-
posed metal plate shielded some of the Teflon from the beam. Therefore, high-
voltage leads from the plates were brought outside the tank, and a third probe
arrangement was set up to monitor the plate voltages during charging. This
probe monitored the plate voltages during charging both with the double probes
sweeping and with them stopped well away from the sample.

All voltage data were recorded on a multichannel strip-chart recorder.
The ptobe-arm sweep rate was set so that the probes crossed the sample in about
7 séconds. Data read from the strip chart were accurate to about +5 percent,
with a minimum error in resolution of about +100 volts. The configuration 2

sample was tested in both test series so that effects due to differences in in-
strumentation could be identified.

The test sequence for each sample at each beam voltage was begun with the
sample surface at zero poténtial (measured by the probes). The sequence con-
sisted of the following steps:

(1) With the metal plate electrically floating, the sample was exposed to
the beam and allowed to charge tv equilibtrium.

(2) With the beam still on, the metal plate was then grounded éxternally

and the Teflon was allowed to chargé until its surface potential reached equi-
librium.

(3) Then the metal plate was electrically floated and the system allowed
to charge until equilibrium was again reached.

This sequence was repeated at least twice with each sample in ecach series so
that data could be taken with the probes gweeping and with the probes stopped.
In addition, some. tests were run in which fully charged floating samples were
shielded from the beam during the grounding of the plates.

During the testing, particularly during the third step of the sequence,
some effects were observed that were traced to nonuniformities in the electron
beam or to interactions of tlie probes with the samples. To the extent possi-
ble, such instrumentation-related effects have been eliminated from the daca
teported.
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EXPERIMENTAL RESULTS

In this section, test results are described and illustrated with the 5-
and 8-kilovolt beam data. First, important general features of the samples'
responses during the tést sequence are identified in the 5-kilovolt data. Then
sample responses to each step of the test séquencé are considered in more de-
tail and {llustrated with the 8-kilovolt data. Except as rioted, responses to
the 10~ and 12-kilovolt beams were qualitatively the same as those at lower
beam voltages. Data points for Teflon represent probé readings at the centers
of the Teflon strips. Where data from two probes wére available, readings were

averaged; error bars are uséd to indicated scatter in the data where appropri-
ate .

The charging responses of the four test samples during the test sequence
with the 5-kilovolt baam are shown in figure 2. To present the charging his-
tories or the seme time scale for comparison, thé "ground plate" and "float
plate" points have been plotted at 240 and 540 seconds, réspéctively. However,
since the samples were all very nearly in equilibrium in these time frames, the
illustrative value of getting the time scales equal was felt to be more impor-
tant than préserving their details here.

ilie figure indicates several notéworthy general features of the samples'
responses. First, in every instance in which rapid changes of potentidl oc-
curred, the poteritial of the plate and that of the Teflon surface changed at
nearly the same rate. That is, although absolute charging (changés in poten-
tial of the whole sample) can oécutr rapidly, differential cliarging (changes of
the relativé potentials of the Teflon surface and the underlying plate) takes
place more slowly. This i{s in d3reement with the concept that the rate of dif-
ferential charging is controlled by the capacitance between the Teflon sutrface
and the plate, whereas the rate of absolute charging deépends on the much small-
er capacitance between the semple as a whole and its surroundings. Thus, when
the samples were éxposed to the beam at the beginning of the sequernce, the
Teflon surfaces and the plates changed potential at the same rate for about the
ficst 15 seconds. Théen differential potentials began to dévelop. When the
plates were grounded (at 240 séc in fig. 2), the différeritial potentials be-
tween the Teflon surfaces and the plates were maintained. The Teflon surface
subséquently charged back to its equilibrium potential at a rate controlled by
its capacitance to the plate. Again, when the plates wéere floated with the
Teflon surfaces précharged (at 540 sec, in fig. 2), the initidl change in plate
potential was reflected in an equal change in the Teflon surface poténtial. 1In
this case thie Teflon surfate bécame more negative thdan its equilibrium poten-

tial (overshot) and began to discharge to reestablish its equilibrium with the
beam.

The second general point evident from figire 2 is that the piates charged
more slowly with the Teflon precliarged than with it initially uncharged. The
charging rate of the plates with the Téfion precharg d was affected by the
relative areas of Teflon arid metal exposed to the beam and, to a lessér degree,
by the arrangement of the Teflon strips. Thus, the configuration 1 sample
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plate charged most rapidly and the configuration & sample plate most slowly in
the third step of the test sequence.

Finally, the Teflon surfaces in these tests always took oh more negative
potential then did the plates. This is corisistent with obsetvations of the
charging of Teflon surfaces and bate ruotal plates (refs. 5 and 8). It means
that the polarity of differenitial charging studied is one in which the insula-
tion has a more negative equilibrium potential than does the metal ‘'structure."

In the following sections, sample responses to the three steps of the test
sequence dre considered individually; the 8-kilovolt beam data are used to il-
lustrate the behavior.

Step 1

In this step, the samples were charged from an "all zero" initial condi-
tion. The Teflon surfaces and the four sample plates responded as shown in
figures 3(a) and (b), respectively. Dutring the initial 15 seconds of charging,
the plates and the Teflon surfaces of each configuration charged at nearly the
same rate. Furthermore, all four configurations charged at the same rate.

This is not surprising since the capacitances of the samples to their surround-
ings were nearly equal (measured to be 200+30 pF); the rate of absolute charg-
ing is dominated by this capacity.

The time histories of charging for the Teflon surfaces of the four con-
figurations are very similar (fig. 3(a)). All are monotonic. The equilibrium
potentials of the surfaces were all about -6 kilovolts, consistent with other
measuremerits of Teflon samples (réfs. 4 and 5).

Differences among the four configurations. are shown by time histories of
plate charging (fig. 3(b)). The data indicate that, after 20 to 40 seconds of
charging, the configuration 1 plate was the least negative, the configuration &4
plate was the most negative, and the configuration 2 and 3 plates were at the
same (intérmediate) potential. The configuration 4 plate remained the most
negative and, at equilibrium, had a potential only slightly less negative than
the overlying Teflon surface and more negative than equilibrium potentials re-
ported for bare plates (ref. 8). Although the charging of the configuration 1,
2, and 4 plates dppeared monotonic, the configuration 3 plate reached a maximum
negative potential at 20 .o 40 seconds. It then decayed by about 500 volts to
equilibrium.

These respondes can be understood qualitatively by considering the cur-
rerts to each sample as a whole and to its individual components (Teflon sur-
faces and metal) individually and the ''capacitors' being charged by these cur-
rents. Initially, each sample charged as a whole at a rate that was determined
by the total current it collected and its capacitsnce to its surroundings.
Differential potentidls between the Teflon surfaces and the plates result from
charging the capacitors made up of these surfaces and requires currents to each
side of these capacitors. The magnitude of the current available to charge the
Teflon-to-plate capacitor must depend on the relative areas of Teflon and metal
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exposed to the beam; on the differences between the secondary emission proper-
ties of the two materials, and on fields that can deflect the ulectrons.

In configuration 4, the plate had no direct access to the beam. The po-
tential of the whole sample was driven by the net current to the Teflon sur-
face. Because the plate could only collect "strdy' currerits (¢.g., secondaries
from the Tefloh or beam electrons deflected by fields around the sample), there
was essentially no current available to cause differential charging, and thus
only a very small differential potential developed.

In configusation 3, the Teflon area was twice that of the metal plate ex-
posed to the beam. Evidently, the Teflon area dominated the charging of the
sample during the first 20 to 40 seconds of charging and caused the plate to
"overshoot" (i.e., become more negative than) its equilibrium potential. At
this point, the plate emitted more sécondaries than it received primaries.
This resulted in a net positive curvent to the plate, so that~the negative po-
tential of the plate was reduced,

If this description of the behavior of the configuration 3 sample plate is
correct, it must be supposed that the configuration 2 sample plate also "over-
shoots' its individual equilibrium potential during the first 20 to 40 seconds
of charging (since the relative areas of Teflon and exposed metal are the same
for these two configurations). The fact that the configuratioa 2 plate does
fiot discharge must then be due to the difference between the geometrical ar-
rangements of the Teflon strips on the two samples. The exposed metal of con-
figuration 2 was between the two Teflon strips, but the expused metal of con-
figurdtion 3 was on thc edges of the sample. Since the Teflon surfaces were
more negative than the plate, a potential barrier that prevented the secoridary
electrons from the plate from escaping existed in configuration 2. This im-
plies that the final potential reached by the plate in this configuration was
more negative than the "equilibrium potential" that this plate would have
reached had it been exposed to the beam with no Teflon on it.

Step 2

In this step of the test sequence, the metal plates of fully chuarged sam-
ples (i.e., both the plates and Teflon surfaces charged as at the end of
step 1) were grounded, arnd the Teflon was allowed to charge. Some tests were
run in which the metal plates were grouaded with the samples exposed to the
beam, and some with the samples shielded from the beam. Shielded samples vere
grounded during probe sweeps and with the probes stopped away from the sample.
(Sweeps were made before and after the grounding of the plates to determine
the potentials.) Samples exposed to the beam were generally grounded during
probe sweeps so that the Teflon surface potential could be observed as charging
of the Teflon with the plate grounded began. Results are illustrated in fig-
ure & for a sample of configuration 3. In the figure, V; represents the po-
tential of the Teflon surface and Vy that of the plate briore the plate is
grounded., The crosshatched areas show the differential between the Teflon
surface and the plate. The sample is sketched in along the abscissas to indi-
cate its location. Figure 4(a) depicts probe traces (voltage readings across
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the sample) taken before and after the plate was grounded and with the sample
shielded from the beam. Figures 4(b) and (c) depict traces during which the
plate was grounded and with the sample shiclded from and exposed to the beam,
respectively. 1In all cases, when the plate was grounded, the differential be~
tween the Teflon surface and the underlying plate was maintained, at least on
the time scale of milliseconds required for the probes to sense and adjust to
the change in potential. Grounding the plate is equivalent to grounding one
side of & capacitor, with the other side (in this case, the Teflon sutrface)
open zircuited; the voltage acrods the capacitor does not change. Even if the
beam is left oh during the grounding of the plate, the current to the Teflon
surface is too small to change the potential across the Teflon-plate capacitor
noticeably in milliseconds. As shown in figure 4(c), the Teflon surface ex-
posed to the beam began to charge after the plate was grounded, at a rate char-
acteristic of the Teflon-plate capacitor. Charging of the Teflom surfaces with

the plates grounded proceeded as in previously reported (ref. 5) charging tests
of Teflon on grounded substrates.

Step 3

In this step, the plates were allowed to float electrically (by opening
the ground connection) with the Teflon surface initially charged to its equi~
librium potential. As has been noted (fig. 2), the plate charged negatively,
causing the Teflon surface to become more negative than its equilibrium poten-
tial. Net current to the Teflon surface became positive (electrons out) so
that the Teflon-to-plate capacitor was discharging while the plate-to-
surroundings capacitor was charging. That is, the differential potential be-
tween the Teflon and the plate was being reduced by net electton emission cur-
rent from the Teflon while the potential of the plate with respect to its sar-
roundings was being made more negative by net electron curtrent to the plate.

The samples' responses to step 3 of the test sequence with the 8-kilovolt
beam are illustrated in figure 5. Evidently, the most important factor in de-
termining the rate at which each sawple plate charges is the area of metal ex~
posed to the bea:. (fig. 5(a)). The configuration 1 plate charged most rapidly
and the configuration 4 plate most slowly at every beam voltage tested. The
rate at which the plate charged, in turn, determined how large an excursion
from its equilibrium potential the Teflon surface made. This can be seen from
5-kilovolt data shown in figure 2; it is demoristrated more dramatically by the
8-kilovolt dats shotm in figure 5(b). With an 8-kilovolt beam (and also with
the 10- and 12-kV beams) the potential of the configuration 1 plate changed
rapidly during the first few seconds of charging. Its potential exceeded (in
magnitude) the difference between the Teflon surface potential and the beam
voltage (~-2 kV) befote the differential between the plate and the Teflon sur-
face had time to change. The net result was that the Teflon surface potential
exceeded the beam voltage. When this heppened, the electrons from the beam no
longer reached the Teflon surface and the "capacitor plate," which is the Tef-
lon surface, was effectively open circuited. The differential between the Tcf-
lon surface and the plate was maintained during the plate's charging. Probe
measurements made 15 to 30 minuces later in the test sequences showed no change
in this situation. The same results were obtained for this sample with the
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probe sweeping across the surface and with it »tationary. Clearly, this behav-
ior cannot be expectoed in space, where ions and higher energy electrons pre-
clude the possibility of a true "open clreult" situation., However, it does in-
dicate that insulating surfaces can be driven far more ncgative with respect to
the envitorment than their equilibrium potentials.

At the opposite extreme, the configuration 4 sample charged so slowly that
with an 8-kilovolt beam (and also the 10- and 12-kV beams), the Teflon gurface
did not depart noticeably from its equilibrium potential (i.e., had maximum
excursions of <100 V).

Charging rates for the plates of configuration 2 and 3 samples were inter-
mediate betweent those of configurations 1 and 4. As shown 1i1. figure 5(a), the
configuration 2 sample plate charged slightly faster than did the configura-
tion 3 plate with the 8-kilovolt beam. The difference in charging rates of
these two sample plates is more marked with the 5-kilovolt beam (fig. 2) but
appears tn decrease with increasing beam voltage (i.e., for the 10- and 12-kV
beams). One can argue that the configuration 2 sample plate was expected to
charge more quickly than the configuration 3 plate because of the trapping of
the secondaries emitted by the plate in the configuration 2 sample. The reason
for the decrease in the difference between charging rates of these two sample
plates with increasing beam voltage is not clear. It might be due to the sec-
ondary yield decreasing with increasing impact energies for kilovolt primaries.
This would reduce the number of secondaries available to be tranped and conse-
quently reduce the difference between the currents to the plates in the two
configurations.

The Teflon surfaces on the configuration 2 and 3 samples behaved in a
similar fashion at all beam voltages tested. In each case the initial rise in
plate potential caused the Teflon surface to become more negative than its
equilibrium potential, and it proceeded to discharge slowly back to equilibrium
as the plate charged. The plates for these samples charged slowly enough that
the Teflon surface potential remained less (in magnitude) than the beam voltage

by at least several hundred vclts and was therefore able to discharge toward
equilibrium.

NASCAP MODELS

The NASA charging analyzer program (NASCAP) is a computer code developed
to calculate the charging of objects in three dimensions. The code and its
capabilities are described elsewhere (refs. 6, 8, and 9). For this study, ob-
jects were defined in the code to represent the configuration 2 and 3 samples
tested. Grid spacing was chosen to reflect the reclative cizes of the samples
and the test chamber, with the minimum number of grid points that gave a rea-
sonable resolution on the sample. This choice and that of the time stepping
option used were made to minimize computer time (rather than to maximize simu-

lation accuracy). Simulations were run according to the "test tank' mode of
code opera’:ion.
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NASCAP Objects

Three objects were defined in the code for this study; they arec illus-
trated in figure 6. Each object is composed of two metal plates that are one
mesh unit thick and have one-mesh-unit spacing between them (fig. 6(a)). The
"back" plate (i.e., the one farther from the electron gun) was held at ground
potential during the simulation. Capacitance between the two plates was set at
200 picofarads to simulate the measured 200£30-picofarad capacity of the actual
samples to their surroundings. The "front" plates that were exposed to the
beam were defined to -epresent a bare metal plate (object 1, fig. 6(b)), and
the configuration 2 and 3 samples (objects 2 and 3, figs. 6(c) and (d), respec-
tively) described earlier. Each plate was six by eight surface cells in area
and one cell thick. The grid points were 2.5; centimeters apart in the inner-
most mesh in the code. Thus the objects modeled were 15.2 centimeters by
20.3 centimeters, but the actual samples were 15.2 centimeters by 20.6 centi-
meters. The small difference in actual and modeled size should have had very
little impact on the results. The bare metal plate was used to compare the be-
havior of plates with and without surface insulation. Teflon surface cells
labeled "X" in figures 6(c) and (d) are those cells for which current and volt-
age information was printed during simulations. Figures 7 and 9 show the avet-
age values for these cells.

For the simulations in this study, standard NASCAP properties were used
for the Teflon. The metal plates were modeled as aluminum, but with a
secondary-electron emission coefficient of 2.6 and primary-electron energy to
produce maximum secondary-electron yield for normal incidence of 350 electron
volts to describe the yield of true secondary electrcns. These choices are
based on the results of a study in which the predicted and measured charging
behaviors of materials were compared (ref. 8).

NASCAP runs were made to simulate the test sequences {(steps 1, 2, and 3

in the section EXPERIMLNT DESCRIPTION) for the configuration 2 and 3 samples
with 8- and 10-kilovolt beams.

Simulation Results and Comparison with Data

Results or the NASCAP simulations of step 1l of the test sequence are shown
in figure 7 for the 8-kilovolt beam case for objects 2 and 3. Data for config-
uration 2 and 3 samples are included fur comparison. The code predicted that
samples charge somewhat more slowly than the data indicate. However, overall
agreement seems rather good. In particular, the potential of the object 3
plate was predicted to reach a maximum negative value and then decline in mag-
nitude, as is observed in the data. The potential of the object 2 plate does
not decline, again in agreement with observation. The code output indicates
that this is due to suppression of the secondary electron emission from the
plate by local fields in the case of object 2, as was surmised earlier. It was
also speculated earlier that the plate may have "overshot" its equilibrium po-
tential for these two sample configurations. This speculation is supported by
the predicted charging histories of the metal plates of three objects shown in
figure 8. Platzs of objects 2 and 3 reached their maximum negative potentials

515



about 600 volts larger in magiitude thon their equilibriom values. Object 3
plate discharged to ¢quilibrium potential after about 8 miinutes total charging
time; object 2 plate remaincd “too negative" as a result of trapping of sccond-
aries, This illustrates the kind of insights into charging benuvior that
NASCAP can piovide.

At the beginning of the simulation of step 2, the plate was grounded and
the potentials were recalculated "immadiately" afterwards (actually the code
tekes a 0.001l-se¢ time step). Again, predictions are in accord with the data:
Differential potential between the Teflon surface and the plate was maintained.
Charging of the Tefisn back to équilibrium proceeded das expected. Again, the
code predicted charging fo occur imore slowly than wds obsérvéed, but the dis-
crepancy wag not greéat.

Predictions for step 3 of the test séquence are mich less satisiactory;
the predicted rate of chargiiig in this step 'as much less than the observed
rate. This i{s iilustrated ir figure 9 for object 2 (configuration 2 data) with

a 10-kilovolt beam. The reasons for this are not presently understood. It may.

be that simulution inaccuracies due to choices of grid size atid time stepping
optiofi dre increased by the presence of large fields dué to the precharged Tef-
lon surfacés. Anothlier possibility is that portions of the physics not modeled

in theé code are more important in this step of the tést sequence thanm in others.

Despite the discrepancy betweén observed and predicted charging rates with
thé Teflon precharged, the code does predict the general feaiures of the data,
that is, that the initial charging of tlie platé causes the Teflon surface to
become more riegative than its equilibrium potential and subsequently to dis-
charge toward this potential as the plate charges.

SUMMARY OF RESULTS AND CONCLUSIONS

The charging response of composite metal-diclectric structures has been
investigated experimentally and simulated with the NASCAP code. Overall, the
code's predictions were in good agreemernt with the data, patrticularly consider-
ing thc uncertainties in tlie material properties used as input (ref. 8). Dis-
crepanicies in the timé response do indicate, however, that caution should be
used it predicting behavior of objects with large differential potentials be-
tween adjacent surface grid points. The code's predictions can be used to pro-
vide insight into charging response. Several features of the charging response
of the composite samples have interesting implications for the charging behav-
ior of spaceceraft.

Although potentials on an entire object can change rapidly in response to
changes in its environment, differential potentials across thin insulators
change much more slowly. The rate of absolute charging depends on the capaci-
tance of the entire vbject to its euvironment and the net current it receives
from the environment. The rate of differential charging between on insulating
surface and the structure bencath it depends on the capacitauce between them
and the net difference in currents to the two "plates" of this capacitor. The

5lo



currents available to charpe these -artous “capacitors" depead on the relative
surface arcas ot materials avallable to collect current from the environment,
on the propertics of these materials (such as secondary cmission and resistiv-
ity) and their eclectrical interconnection, on local fields that <. trap low-
encrgy emitted particles, and oo any "artificial" sovvces .1, as particle
emitters. Factors that determine these currents affect buch the rates at which
the various "capacitors" charge and the potentials at which equilibrium with
the environment is attained.

The capacitance of the spacecraft to its environment depends on its over-
all size, but the capacitances of various paris of .the spacecraft to one an-
other depend on the spacecraft's construction. In geuneral, the spacecraft-to-
environment capacitance is usually orders oi magnitude less than the surface-
to-surface capacitances. This means that sudden changes in tlie potential of a
spacecraft do not result in sudden large che \ges in potentials across thin in-
sulation. Thus, such operations as activating an electron emitter do not pre-
sent an immediate arcing hazard to thin insulation. However, if there are in-
sulating structures on the spacecraft that have small capacitances to the struc-
ture, these will charge back to their equilibrium potentials much more quickly
than the thin insulators with large capacitances to the structure. This gives
rise to the possibility of gencrating large differential potentials between
different Insulating surfaces after a sudden chanhge In spacecraft potential.
Finally, forcing the structure to remain at a fixed potential relative to the
environment (by emitting electrons, for example) will allow large differential
potentials to build up across thin insulators on time scales of minutes or tens
of minutces.

Another conseguence of the disparitv in charging rates in the possibility
of "overshoot"; that is, surfaces can acquire potentials significantly more
negative (with respect to thelr environment) than equilibdbrium calculations
would indicate. This is expected when there is an abrupt change in the envi-
ronment of a precharged spacecraft. From an operational peint of view, this
cffect should only be hazardous if the absolute spacecraft potential is of con-
cern; for example, if two spacecraft are attemptiug to rendezvous.

From the point of view of the experimenter secking to measuve the plasma
environment, both absolute and differential chargivg complicate the task of
data interpretation. Effects of hoth types of charging on particle data from
the ATS-5 and ATS-b spacecraft have been reported (refs. 2, 10, and 11). Re-
sults of the present study fudicate that shifts in reference pocential (abso-
lute charging) should oveur relatively quickly In response to environmental
changes but that changes in local ticlds around the spacecraft due to differen-
tial chavging should occur trelatively stowly. Ths latter effects are more sube
tle and thus should be more difficult to fdentify and eliminate in data analy-
sis. Care should be used in locating such experiments on spacecraft and in
desipning scientitic spacecraft to minimize charging cffects.
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