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Abstract

A series of survéy tests have been conducted in the T.ewis Research Cénter — 1
substorm simulation facility. The test specimens were spacecraft paints,
silvered Teflon, thérmal blankets and solar array segments, The samples, rang-
ing in size from 300 to 1000 em?2 were exposed to monoénergetic eléctron énergies
from 2 to 20 keV at a current density of 1 nA/em2. The samples generally behaved
as capacitors with strong voltags gradients at their edges. The charging charac-
teristics of the silvered Teflor, Kapton, and solar céll covers were controlled by
the secondary emission characteristics. Insulators that did not discharge wereé
the spacecraft paints and the quartz Hber cloth thermal blanket sample. All otlier
samples dia experiénce discharges when the surfacé voltage reached -8 to -16 kV.
The discharges were photographed. The breakdown voltage for each sample was
determined and the average enérgy lost in thé dischdarge was computed,
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L. INTRODUCTION

Many satellités in geosynchronous orbits have experienced and are experienc-
ing anomalous behavior in their electronic systems at various times in their oper-
ational life. 1,2 This behavior 15 believed to be caused by the énvironment charging
the insulator surfaces to the point that discharges can occur, 3 Theése discharges
will produce an electromagnetic pulse which can couple into the spacecraft harness
and cause an anomaly. Since parts of the satellite that are shaded can charge to a
different value from a sunlit surface, the discharge can be between a shaded
insulator and the spacecraft structuré. Theréfore, in order to undérstand this
¢harging phénomenon, it is necessary to know how typical spacecraft materials
respond to the charging environment and to détermine what factors influence this
charging.

An investigation to determine the matérials characteristics under theé charging
conditions has beéen initiated at the NASA -Léwis Research Center under theé joint
USAE-NASA interdependency program. ¢ This investigation is a continuation of the_
work initiated to support the CanadiansAmerican Communiéations-Technology
Satellite program. 5

The approath used in the materials characterization testing was to exposé
selected-test specimens to simulated substorm conditions and determine their
résponse to these conditions. Thé speciten surface potential and thé specimen
leakage currént to ground weré measured as a function of the simulition conditions.
From this data the charge deposited and thé énergy stored in the sample were com-
puted. For those tests where discharges occurred, the surface potential at break-
down, the charge lost and the enérgy dissipated in the discharge wére detéermined,
Thesé tests were run on simple samples to investigate the material characteristics
as a function of matérial geometry, thickness, surface temperature and test dura-
tion. Additional tests were run on more complex samples to detérmine the &ffects
of assembly techniques, surroundings, and multiplé surfaces on samples,

This paper will describe the results of survey-type testing conducteéd on the
typical spacecraft external coatings listed in Table 1. The survey-type test is
“asieally a short duration test of 20 miinutes at each beamn voltage. This period is
sufficient to insure that the sample surface has come to its equflibrium potenitial.
The tests were run in the Lewis geomagmetic substorm simulation facility, 6 The
test results reported here are for 1 nA/cmz beam current detisity tests. Uiiless
othérwise specified all data is for dark conditions with the saniplé at room terri-
perature, . More detailéd test reports on the samples cdn be found in the
literature,
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Table 1. LeRC Materials Charasterization Studies

Materialy testeu h
Spacedraft paints
S~-13G nonconductive paint
Conductive paints
Silvered Teflon samples
Thérmal blanket samples
Kapton cuter layer
Quartz cloth outer layer
Solar array segments
Standard célls on fiberglass substrate
Solar cells on flexible substrate
Solar cells with conductive film coverglass

2. PROCEDURE

The typical data set for the testing is shown in Figuré 1. A capacitively
coupled, noncontacting surface voltage probe is used to verify that theé initial sur-
face potential was zeto and then swept across the test surface at fixed time inter-
vals after the sample charging started. Since the probe functions with the beam
opérating, there is no need to interrupt the test to obtain the surface potential data.
This procedure i3 followed for the test duration and results in transient charging
eurves for each test conditions. Each time the probe {3 swept aeross the sample,
voltage profiles are automatically obtained. The typical steady-state profiles for
ingulating films aré shown in the figure,
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Figure 1. Typical Data Set of Materfals Chdracterization Tests

433

. i 2 i ‘
_',,,‘«fwrvfﬁw e ,»T“:—wq—w,-—;—:a - T e A8 e e B e e

IR



The total leakage cleetron current to ground is measured as a function of time
aftev rhe test start, A typical example of the eleetron current flow to ground is
also shown in Figure 1, This current shows the characteristics of capacitor
charging; an initinl surge decaying with time to a steady-state value. The charge
deposited on the surface can be obtained by integrating this transient surrent (as
shown by the shaded arca); Once the churge ond surface potential are known, the
capacitance and energy storage can be computed. The steady-state values of the
surface potentinl and leakage current can be used to compute the effective resist-
ance of the sample.

The same type of data can be used to obtain the discharge characteristics for
the samples that experienced discharges. The voltage probé is uséd to follow the
surface voltage through the discharge. In this manner the breakdown voltage and
the potential of the surface after discharge can be determined. The transient
leakage current is used to determine the charge deposited up to the breakdown and
the charge remaining after the discharge. From this data the charge lost and the
energy dissipated in the discharge can be computed,

3. TEST RESULTS

3.1 Spacecraft Paints
3.1.1 SAMPLE DESCRIPTION

Both conductive and nonconductive paint samples have been tested. The hon-
conductive paint chosen for evaluation was the S-13G low outgassing white paint,.
This paint uses zinc oxide as the pigment with an RTV silicone as the vehicle.

The sample dimensions were 17 by 20 cm by 9.02 cm thick,

The conductive paints were black, white, and yellow conductive paints supplied

by the Goddard Space Flight Center. These paints were formulated with conductive

pigment to provide desired optical properties, The sample area was also 340 cm2
but the thickness was 0.01 cm.,

3.1.2 TEST RESULTS

The results of the simulation test are shown in Figure 2. The conductive
paints did not charge; the suvface potential remained less than 1 V for all beam
voltage conditions, There was no apparent physical damage to the samples as a
result of these tests, It s planned to conduct long duration tests of these samples

to determine if there will be any time dependent degradation due to the electron
bombardment,
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Figure 2. _Spacécraft Paints Charging Survey
Data

The nonconductive paint does chirge but soon reaches a limiting value of
about -2200 V. The behavior is typical of those insulators whose resistance
decrenses with voltage, The steady-state leakage current values verify this
resistance decreaseé. There were no visible discharges during these tests nor
was there any apparent damage to the samples as a result of the tests. It was
noted, however, that the sample did "eléctrofluoredce'’ under electron bombard-
ment ~— it glowed in the beam,

3.2 Silvered Teflon Samplés
3.2.1 SAMPLE DESCRIPTION

All of the tests described in this séction weré conducted with 15 by 20 em
silvered Teflon samples, 0.013 cm (5 mil) thick, with the Teflon surface exposed
to the electron Alux, The sample was usually made by covering a grounded metal
substrate with 5 cm wide strips of silvered Teflon tape. A conductive adhesive
was used 30 that the silver layer was electrically grounded within a few ohms,

3.2.2 TEST RESULTS
3.2.2.1 Charging Characteristics

The results of these tests are shown in Figure 3, The steady-state surface
voltage profiles (a) show that the central portion of the insuldtor reaches a uniform
potential dependent only on the beam voltage. Theréfore, the central portion of
the insulator seems to acquire the characteristics of a cofiductor — no transverse
electric field, Howeéver, there is a very pronotnceéd edge voltage gradient that
appears to become more pronouniced with incréasing béam voltagé. Apparently
these edge voltage gradierits cah drivé curréents afound the édgés contributing
significantly to the total leakagé ciurrent médsiired in this expériment.
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Figure 3. Silver Teflon Charging Data

If the steady-state surface potential for the centra! porticn of the samplé is
plotted against the beéam voltage, a linéar relationship results as shown in Figire
3(b). The surface voltage is .simply 1800 V less than the beam voltagé for the
range shown. Since 1800 V is approximately the value for the secondary emission
yield to be unity, the surface voltageé appears to be controlled by the secondary
emission; the leakage currents are too small to influénce the surface potential,

If the leakage current tranisients aré integrated, the charge deposited on the
sample ean be computed. A plot of this charge versus the centrul surface poten-
tial for each test condition is shown in Figure 3(¢). The slope of this curve is the
effective capacitanée of the sample. This curve {ndicates that the capacitance
deperids upon the surface voltage. This effect is bélleved to be due to thé edge
effect on the surface voltage and not due to a change in the material dielectric
coefficient.

Once the charge and surfacé potertial are available, the énergy storéd i the
sample can be computéd. This result is shown in Figure 3(d).
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3.2,2.2 DBischarge Characteristics

When the beam voltage is inereased above -19 kV, visible discharges occur
similar to those shown in Figure 4. Pictured is a sinigle discharge event as a
result of bombardthent with 20 keV electrons, Pinholes were deliberately placed
in the center of each 5 cm width of tape. The discharges originate at the edges of
theé tape and the pinholes which are the places where thé largest voltage gradients
would be expected.

Figure 4. Digcharges in Silver Teflon Sample, eomenieeir = e s et o st
Tapé sample, conductive adhesive

>

The surface voltage and leakage current data obtained during & discharge test
are shown in Figure 5.. The Voltagé probe was swept at discrete time intervals
and the leakage current was recorded every minute, Theé actual time of the dis-
charge was. determined. from the recorder trace of the 'éakagé current. The charpe
deposited up to breakdown and the charge remafning on the sample after breakdown
was computed by integrating the leakage currént, The surface voltage was obtained
from the probe readings. The enérgy lost was computed from.the ¢charge and volt-
age values. The effective value of the capacitarice also comiputéd from the charge
and voltage valués, was essentially a constant. The distinction between partial
discharge and major discharge depends vpon the charge and energy lost in the dis-
charge; in & niajor discharge a large fraction of charge afid stored énergy is lost.

Typlcal characteristics for the dischargés ini silvered Teflor samples are
summarized in Figire 6, Oné assumption rade in these studies {s that a single
sweep dcross the sdniple provides a voltage profiié represéntative of the cntire
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gample, This assumption was verified by comparing sample surface potential
profiles obtained just before and just after discharge with computed surface volt-
age values, These values were computed using a one-dimensional model for a
silvered Teflon capacitor,. Thes# values are -10, 700 V before discharge and
-6500 V after discharge. These values are in good agreement with the actual
probe readings of Figure 6(a). Hence, it appears that the voltage obtained from
the probe sweep i8 representative of the whole sample,

The transient current pulses during a major discharge undeér 20 keV electron
bombardment have also béen obtained. A typical pulse is shown in Figure 6(b).
The duration of this pulse is on the order of 500 nset while the peak amplitude
ranges between 20 and 100 A, The maximum values of charge represented.by this
pulse (from integration of the area under the curve) are on the order of 15 uC
instead of the 50 to 60 4C of charge lost in.discharge as computed from the surface
voltage readings. The replacement current does not appear to compensate for all
the charge that is lost in the discharge. A model.of the discharge phenomeénon is
being developed.

As a result of the discharge tests there was someé silver loss at the tape edges
whére the discharges originated. The loss was concentrated at the discharge
location and did not appear to increase with time up to test times of several hours.

It was possible that the outgassing of the adhesive in theé cracks betweén the
tape might have influenced the discharging characteristics. To investigate this a
test was conducted with a single sheet of silvered Teflon mounted on a wire frame
with a mintmal amount of adhesive on the sample back. Again the Teflon faced the
electron beam. The silver layer was wired directly to the electrical ground. The
test results were similar to those of the tape samples. The visible discharges
observed under 20 keV electron bombardment are shown in Figure 7. This is a
time exposure and represents about three major discharges. It appeérs that if
there is any outgassing, it doeés not appreciably change the discharge
characteristics.

3.3 Thermal Ble.:Let Samples
3.3.1 SAMPLE DESCRIPTION

Four différent types of Kapton outer layer blankets were évaluated in this
series of tests. These samplés are shown in Figuré 8. Sample A, B, and D have

0.013 cin (5 mil) thick Kapton as the outer layer. Sample C has a 0. 005 cm (2 mil) .

thick Kapton otiter layer, Samiple D hds a sewn edge construction while the others
have operi edges. The {nterior portions of the blarikets are 15 or 20 layers of
aluminized Mylar. All metailic layers of all blarikéts weré grourided through thé
slectrometér. D all cases the samples were testéd with the Kaptori layer facirig
the éléctron source.
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3.3.2 TEST RESULTS
3.3.2.1 Charging Charédcteristics

The charging characteristics aré shown in Figure 9, The steady-state oltage
profiles (Figure 9(a)) show th¢ samé characteristics as the silvered Teflon film:
uniform potentizl across the central portion of the Kapton with very strong grad-
fents at the edges. The distortion in the voltage profile at the right hand edge
(above 5 kV beam voltage) occurred when the probe passed close to a blankét
grounding tab,
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The plot of the steady-state voltage vérsus the beam voltage (Figure 9(b))
again shows a linear relationship for the 0,013 ¢m (5 mil) thick Kapton, The
surfaté voltage for the Kapton is 1200 V less thar the beam voltage, atd dgdin is
controlled by the sé~ondary émission charactéristics of the surface. The 0. 005
¢m (2 mil) Kapton mateérial begins with thé surface voltage controlléed by secondary
emission, However, above -5 kV surface voltage, the éfféct of leakagé currént
begins to slow the risé in surface voltage, This effect is expected based on the
lower bulk resistance.

The charge deposited per unit surface area and the éne rgy stored per unit
surface drea, areé shown in Figuré 9(c) and (d). The slopée of the charge-surface
voltage curve agiain changes with the voltage, showing that the capacitince varies
with voltage. This variation is.believed to be due to the voltage gradients at the
material edges.

The contlusion from this work is that the charging characteristics of Kapton
blankets do riot appear to depend upon the method of edge treatment. Thé material
thickness dependénce is as anticipated, More pronounced effects of edge treat-
ment will be discussed when discharge characteristics are reviewed.

3.3.2.2 Discharge Characteristics

The discharge characteristic data are shown in Figures 10 and 11. Genérally,
the discharge characteristics of the two 0, 013 cm Kapton open édge blankéts
(Figures 8(a) and (b)) were similar. The 0.005 cm Kapton blanket and the sewn
edge blankets (Figures 8(c) and (d)) behaved in a similar manner, Therefore, the
discharge characteristics will be discussed only in terms of séwn edge blankets
and open edge bldnkets,

The discharge charatteristies of the sewn edge blankets are shown in Figure
10(a). In this figure the surface voltage probe traces just before and after dis-
charge are displayéd. Using the transient leakage current data to obtain valués
for the charge, and thé computed value of the capacitance, the surface voltage has
been calculated and superimposed on the voltdge probé trates. The agreéement is
very good. Applying thesé techniques to all of thé test data résults. ini thé break-
dowr characteristics listed. It Has been found that the initial breakdown for each
beam voltage test above -10 kV occurred when the average surface voltige was
about -10.4 kV. After this initial breakdown subsequent discharges occurred
when the averagé surface potentizl reached ~8. 2 kV. The éenergy dissipdted in
these discharges is relatively low. The number of discharges pér unit test tinie,
However, is lairly high.

The visible discharges observed ori the sewn edge blankét are shown ifi
Figure 10(b). The chardcteristic of the discharge is that of 4 glow of light over
the Kapton surface with definité discharge spots at the thread line of the bianket
edges. It is believed that this sewing acts as the trigge for the discharge.
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The discharge eharactéristics of the open edge blankets are shown in Figure
11(a). Ilere, only the trace after the dis¢hargeé has beén obtained. The -12 kv
limitation of the surface voltage probe prevented measuring the surface potential
profile before discharges occurred, The agreement between the available voltage
trace and corputed average voltage ig still good. As oneé can seée from these char-
dcteristics, it requires a large voltage to cause the breakdown, but when it does
discharge the energy digsipated is very large. Almost all of the stored eénergy in
the blanket is lost. The visible discharges from this type of discharge are shown
in Figure 11(b). The discharges appear as streaks originating at eithér vent holes
or grounding points and extending across the blanket surface,

3.3.2.3 Elfect of Sunlight on Kapton Blanket Characteristics

A sunlight-éclipse simulation test was conducted using an open edge, Kapton
outer layer blanket (Figure 8(d4)). The surface voltages measured during this test
are shown in Figure 12, The conditions throughout this test were: -10 kV beam
voltage with a 1 nA/ecm” beam current density. The test was started with the sam-
ple potential at zero volts and then exposed to the electron flux with the solar simu-
lator off, The sample tharged to gbout -9 kV ag expécted. The éffectivé resistance
of the sample under the dark steady-state conditions was 3, 6 x 101! ohms,
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TEST TIME, min

Figure 12, Effect of Sunlight on Kaptot
Thermal Blankets

The solar stmulator was turned on 30 minutes after the test started and re-
mained on for an additional 30 minutes. The surface voltage and the leakage cuf-
rent changed immediately (the step in the ctrve was cauge by thé two-stage turn
oh requirement of the solar siriuldator). After 37 minutes in the sunlight (at about
3/4 solar triteasity), the surface voltage was decreased to about -200 V ahd the
sample effective resfstance réduced by 3 orders of magriitude (to 3. 6 x iosohms).
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At thig point the simulator was turned off and the sample allowed to charge up
again. The charging rate for thi - eclipse cycle was slowér than the first eciipse
cycle. After the 30 minutes in the dack, the surface voltage reached only -7 KV
corresponding to an effective resiscance of 4 X 1010 ohmg. Turning the solar simu-
lator back on drove the the surface voltage batk down to the -200 V level.
- The test was repeated with the beam voltage set at 20 kV witha 1 m‘\/cm2 beam
¥ current density. The initial dark eclipse simulation resulted in a series of dis-
charges... When the simulator was turned on, the surface poténtial dropped again
to about -200 V and all discharge activity ceased. After 20 minutes into the second
eclipse simulation the potential was only about -6 kV with no discharge activity. 1
The behavior appears to be related to the photoconductivity effect réported
for Kapton, 10 The Kaptofi inateriai has shown an immediate décrease in bulk
resistance with illumination and appears to slowly return to the original properties
whén reéturned to dark conditions, The Kapton behavior exhibited in these tests is
probably not the result of photoemission from the samgle sincé no other ma'erial
"tested with the solar simulator exhibited such an immediateé and pronounced drop.
The. reduction in bulk resistivity ¢ould be énhanced by an increase in the sample
température. But this should take a finite time to cause the change.

3.3.3 QUARTZ CLOTH OUTER LAYER BLANKET SAMPLES

Two samplés of thermal blankets with Astroquartz cloth substituted for the
Kapton outer layer were tested. One sample had a sewn edge {provided by Rock-
well International, Inc.) whilé the second had opéh edges.

The test results are shown in Figure 13(a) and (b). The steady-state surface
voltagé as a function of beam voltage (Figure 13(4)) shows that the surface charges
only to slightly more than -4 kV undeér a 20 kV beam test conditiorn, The charac-
teristie corresponds to a sample in which the résistance increases with the surface
voltage. The sample éffective resistance is shown in Figure 13(b). The transient
leakage current data indicate that theré is little, if any, charge stored in these
samplés.

There we~e no discharges obsérved during these teésts. However, as with the
S~15U paint samplé, the blanket did electroflubresce in the beam. A picture of
*hé sample glowlrng is shown in Figure 14.

3.1 Solar Array Segments ‘1
3,4,1 SAMPLE DESCRIPTION

Three different solar array ségmiénts were evaluated in this tést serfes, The
segimen's aré shown in Figure 15, Segrierit A {s called the standard solar array
segmert. It is ai array of 24 2- by 2-cm célis in séries. The célls are 10 mils
(0. 025 cri) thick, 10 ohm-cm résistivity, N on P type solar cells. Thé cover
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Figure 13. Quartz Cloth Thermal Blanket Charging Survey Data

Figure 14. Glow on Quartz Cloth Thermal Blanket
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- slides are 12 mils (0,03 cm) fused siliea (Corning 7940), The cells are bonded to
a Kapton shect which is bonded to a fiberglass sheet, One ond of the fiberglass
board is covered with a grounded metal plate The fibergla s on the other three
edges of the segment is uricovercd and exposcd to the electron ‘lux duping the test-
ing. The electrical circuit of the segment is grounded through the electrometer
for the tests,

Scgment B consists of 27 2« by 2-cm cells in a series /parallel configuration,
These cells are mounted directly on a 3-mil (0, 00" -cm) Kapton-fiberglass flexible
substrate, The cells are 8-mil (0, 012-cm) thick, 1 ohm-cm solar cells. The
cover slides are 4-mil (0, 006-cm) thick cerium doped microsheet. This segment
has been constructed using the same techniques employed in manufacturing th:
Canadian-American Communications Technology Satellite array. 11

Segment C consists of nine 2- by 4-cm cells in a series/parallel configuration
with a conductive coating on the coverslides. These cells are mounted on a fiber-
glass board with about a 0. 6 cm fiberglass border exposed at all four edges, The
cells are 11-mil (0, 028-cm) thick, 15 to 45 ohm-cm solar cells. The cover slides
aré 12-mil (0.03-cm) fused silica (Corning 7940) with a thin, transparent conduc-
tive coating applied by the Optical Coatings Laboratory (OCLI), The conductive
* coatings on each cell have been connected together at the four corners and elec-
trically grounded. During the tests of this segment, the current collected by the
conductive covers is monitored separately from the current collected by the array
circuit.

3.4.2 TEST RESULTS
3.4.2.1 Charging Characteristics

The characteristics of the standard and flexible substrate segments (Figure
15(a) ahd (b)) are shown in Figures 16 and 17; the conductive coverslide segments
will be discussed later. In Figure 16 the voltage profiles across the two segments
are shown for various beam voltages. For both segments the effect of the edges is
pronounced when the beam voltage exceeds -5 kV, The most sévere voltage grad-
ients are produced at the interface between the coverslides and the border. In
fact, there is eviderce that the border can control the charging of the coverslides
(see Figure 16(a))., This effect suggests that material samples should be tested
with the flight configuraiion bourdaries in order to evaluate properly the behavior
of any particular satellite exterior desigh.

The steady-state surface voltage reached by the coverslides and the substrates
as a function of beam voltage, the charge deposited and energy stored in the seg-
ments are shown in Figure 17. The error bars on the voltage curves represent the
range of values across the samples.
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The surface veltage ¢arve for the standard segment coverslide and the fiber-
glass are straight lings. This impli¢s that the surface voltage for both is cori-
trolled by the secondary emission charactesistics of each material with the fused
silica being a slightly better emittér.

The surface voltage curveé for the flexible substrate segment indicates that the
cerlum doped microsheet covérslides charge to a lesser valiie than the fused silica
and behave as a material whose resistance increasés with voltage. This behavior
may be the result of the charging of the border and may not be réal, This will 12
verified in future tests on the microshéet alone. The Kapton-fiberglass substrate
behaves as expected. Thé surface voltage is controlléd by secondary emission
until the surface potential reaches about -9 kV at which point the leakage current
influences the voltage and the curve starts to fall off..

The charge deposited on the coverslides of both segmeénts, along with the
energy stored, is shown in Figlire 17(b) and (c) as a function.of the coverslide
avérage voltage, Froom these curves it is evident that, although the same charge
is deposited on the flexible substrate ségment as the standard segment, the enetrgy
stored in the flexible substrate segment is considerably less. This effect may be
due to the charging of the substrate boundaries. In any case, the techniques uséd-
in constructing the flexible substrate S'Egmént appear to minimize thé charging ef
thé segment.

4.4.2.2 Discharging Characteristics

The discharge characteristics of only the standard array segrnent have been
obtained. For this segment, discharges are observed when the beam voltage is
about -14 kV. A picture of a typical discharge is shown in Figure 18, The dis-
charges seem to originate at the edges of the coverslides and culminate in a flash
of light over most of the coverslides. There is ho apparént physical damage to the
coverslideés due to thesé discharges. The voltage-current characteristics of the
segment are the same aftér this test as béfore. Long time discharge tests are
planned to determine if the discharges can eventually decreasé the array
performanceé,

The discharge characteristics for this segment have been obtained from the
leakagé currént measuremeénts as shown in Figure 19, The charge stored is com-
puted by ititegrating this current. The breakdown voltage {s coniputed from the
value of thé capacitance dnd the cornputed charge deposited up to the point of dis-
charge. The energy lost in the discharge is obiained by computing the erergy
stored at the time of the discharge and the energy remaining after the discharge.
The dverage résults for the three partial discharges and the 15 major discharges
are tabulated on Figure 19, As can be séen thé discharges seem to occur betwéen
-8 and -9 kV. In a partial discharge only about 25 mJ aré lost whiereas the fuil
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f1gure 18. Discharges in Standard
Solar Array Segment

AVERAGE DISCHARGE CHARACTERISTICS
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Figure 19, Distharge Charaéteristics of Standard Sular Array
Segient
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60 mJ stored in the segment are lost in 8 major discharge. The réasons for
partigl discharges in sotné tésts and major discharges in other tésts are still to
be established,

3.4.2,3 Effect of Solar Simulation on Flexible Susstrate Segment

It is known that sunlight will increase the conduction in Kapton!® exposed to

the light. This incréase would result in lowering the surface potential and possi-
bly prevent discharging. However, there is a question of what would happen to the
dark dieléctrie surfacés behind the solar cells if the array were exposed to a sub-
storm condition while the cell sidé was illuminated. Would thére be discharges?
Or would the reduced.resistivity of the illuminated Kapton affect the darkened
areas? A test has been conductéd at the LeRC to detérmine the response to these
conditions. Additional testing of a similar array segment has been conducted in
the ESTEC facility, 12

The flexible substrate segment was mounted.in the LeRC facility such that the
dielectric side was exposed to the electron flux. A infrared, quartz arc lamp was
mounted in the tank so that the light would illuminate the cell sidé of the segment
at about 0.5 solar intensity, Test runs were made at sevéral voltages at a beam
current density of 10 nA/ cm? first with the lamp off for 30 minutes, then with the
lamp on for 20 minutes, followed by 60 minutes again in the dark and finally, 30
minutés with the lamp on again. The total number of discharges detected by the
loop antenna 50 ¢m froin the segment was counted at édch beam current voltage.
The results for the -10, -12, and -14 kV beam voltage tests are shown in Figure
20. Similar trends were found in the -16, -18. and -20 kV tests.

As is dpparént from Figure 20, the séegment experieiaced numeérous discharges
when thé segmeént was it the dark inftially., When tke light was turned on the dis-
charges stopped immediately. When the lamp was again turned off, the discharges
occurred again, but at a significantly lower rate, Even the lower rate was ternii-
nated when the lamp was again turned on. Theréfore, thé light on thé cell side of
the segmerit seems to stop the discharges that occur wheén the dieléctrie side. is
bombarded with kilovolt electrons while thé cell electrical circuit is grounded.
The reason for this behavior is either due to the photoconductivity effect in Kapto:
or thermal effects in the dielectric (there was no attenipt to control or feasure
the segment teriiperature during these tests).

The discharges that wWeére obseérved during this test are shown in Figure 21.
This piéture is a multiple discharge éxposure of the segment in the dark while the
dlelectric is bombarded. The thajority of the discharges occir at the cell inter-
connécts, This implies that the Kaptoii-fibergiass cloth is charged to a point where
there is d breakdown through the cloth to the grounded intércofinéct, Preliminary
cdlculativns indicate that the surface potential is about -8 to -9 kV at the discharge
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which is sufficient to break down the thin Kapton sheet bétween the fiberglass
strands,

After rurning tests ori the segment for about 40 hiours, a marked decrease in the

numbe# of didcharges was noted, The segment was removed from the facility and
inspected, It was found that the cloth wds punctured at évery intercontiect. This
apparently reduced the number of discharges per unit timie. There was no dégra-
dation of the cell characteristics as a résult of thése tests.

3.4.2.4 Conductive Coverslide Test Results

This segment was exposed only to a limited test. The voltage profiles obtained

are shown in Figure 22. These profiles show that the conductive coverslides re-
mained at ground potential while the surrounding fiberglass boundary charged to
rather high potentials. In fact, thesé reached a point where discharges between
the fiberglass and the thin conductive covers were possiblé. Therefore, the test
was stopped. The.fiberglass will be covered and grounded and the test will be
repeated.

CONDUCTIVE COVCRSLIDE ARRAY SEGMENT
iy L FIBERGLASS tUNCOATED!

[ e e e

P ———

T

-t
——
—y —~

PROBE TRACK | mrr——e

SURFACE VOLTAGE, kV

Y, I WU WO G
I R S TR
POSITION, c¢cm

Figure 2., Steady-state Surface Voltage
Profiles of Solar Array Segmerits

The coriductive coverslides did collect currerits proportional to the cell areéa
and the beam current, as expected, There weie no nohuniformities observed in
the voltage profile over the conductive coverslides. The location of the gaps
between the cells was barely discernible, The sample was very well behaved.,
The resuits again pofrited out the need to test samples in flight configurations so
that the effects of the surroundings can bé evaluated.
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4. CONCLUDING REMARKS

A series of survey tests have been conducted in the Lewis Research Center
geomagnetic substorm simulation facility on typical spacecralt matérials, The
sdamples, ranging in size from 300 to 1000 cm® weré exposed to mohoer.¢rgetic
electron eénérgies from 2 to 20 keV at a current density of 1 n.A/cmz.

In general, all the insulator materials béhave as if they wére capdcitors with
one surfaceé at ground potential while the surface facing the electron beam came to
an equilibrium potential that depended upon thé secondary emission, batkscattering,
and-leakage currents., Strong voltage gradients were found at the édges of the sari-
ples and thése must be considered in treating the sample as a simplé capacitor,
The effective capacitance of the sample appears to change with surface voltage as
a result of this edge voltage gradient. Solar simulation changed the charging
characteristics of the samples either bécause of photoemission, photoconduction,
or thermal effécts. Finally, it was found that thé surroundings can infitence the
charging of the samples. Therefore, realistic evaluations of the behavior of mate-
rials for a spécific design must include the effects of thé surrotindings in the flight
configuration.

The samples in which discharges did not occur wére the spacecraft paints
(both conductive and nonconductive), quartz cloth samples and cundiictive cover=
slide solar array segments, Ih the case of the S-13G paint and the quartz cloth
the samples were charged to limited voltage valués, but theéy did "electrofluoresee"
in the eléctron beam,

All of the other samples tested did discharge. The discharges normally orig-
inate at the sample edges or at imperfections on.the surfice, These aré the plates
where the voltage gradients are the most sevére, The discharges were visible and
have béen photographed. The discharges otcurred whén the surface potential was
in the range of -8 to -12 kV. The eénergy lost in the discharges was computed to
be in the range of about 0.6 mJ /cm2 for the solar.array segmerts to about 2 mJ/
cm2 for Kapton blankets, Construction techniques and surroundings were found to
influence the discharge ¢haracteristiés of the samples so that the evaluation for a
particular spacecraft design should involve testing in flight configurations,

There are two scalinig factors that still must be résolved, The first {s the
geomietric scaling, or how to determine thé characteristics of very large spice-
craft surfaces from tests on smidll area samplés. n order to obtain this scaling
factor, large area tedts in very large facilitiés must be conducted. Suéh a test.
progiam s being considered for thé riéar future,

The setond scaling factor is the erivironmerital scaling or the transition from
monoenergetic electron fluxés to the distributed energv plasma of space. One
attempt at this extrapolation is giveéti iri another paper of this sessiori. 13 he final
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answer will come only aftér space-flight data on the materials chdracteristics
have been obtained from experiments such as thoseé on SCATHA. 2

The testing prograni that has been déséribsd here will continue urtil all of the
significant parameters for the various spacecraft materials Have beed evaluated,
The ififormation gathered will be issued in reports and catalogued for incorpordtion
in the Deésign Criteria Handbook that is to be the main output of the joint AF-NASA
Spaeecraflt Charging Investigation. 4
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