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SUMMARY

This paper discusses the results of materials tests conducted in the
Lewis Research Centeétr's geomagnetics<substorm-environment simulation facility,
The materials tested were fiexible solar-array substrates; graphite-fiber/
époxy - alumirium Houeycomb panels, and thin dielectric filws, The tests con-
sisted of exposing the samples to moricenergetic electron beams rariging in en-
ergy from 2 to 20 keV. Surface potentials, dc cutrents, and surface discharges
were the primary dadta.

Four solar-array substrate samples were tested. Thesé¢ samples consisted
of Kdpton sheet reinforced with fabrics of woven glass or carbon fibers. They
represented different construction techiiiques that might be used to. reduce the
charge accumulation on the array back surface.

Five honeycomb-panel samples were teésted, two of which were representative
of Voyager &ntennd materials and had either conductiVe or noniconductive painted
surfaces. A third sample was of Navstar solar-array substrate material. The
other two samples were of materials prrposéd for use on Intelsat V. All the
horieycomb-panel samples had graphite-fiber/epoxy composite face sheets.

The thin dielectric films were 2.54-micrometer~thick Mylar and 7.62-
micrometer-thick Kapton.

INTRODUCTION

Many geosynchronous satellites have experiericed behaviotr aenomalies im
electronics systems at some time during their lifetimes (refs. 1 and 2), These
anomalies are believed to résult from dischargés that take place on various
satellite surfaces after differential charging by the geomagnetic substorm
érivironment (ref. 3). The Lewis Reseatch Center has undertaken investigations
of the cliarging beliavior of various materials in its geomagnetic-substorm=
environment similation facility (ref. 4). Thermal control materials and some
solar-array segments have undérgone cornisiderdble testiig (refs. 5 to 7). Corni-
cetn about the behavior of materials pioposed for use on future satellites led
to the testing of several flexible insulator and comiposite samples.

Flexible-substrate solar arrays used on some communications satellites
present @ large insulator area tliat can be charged by the enviroriment. The
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firat such array was designed and built for the Canadian-American Communica=
tions Technology Satellite (CTS) before spacecraft charging effects were undere
stood. However, there was sufficlent concern for the possible charging of thie
array that a charging investigation was conducted (ref. 8). The CTS has sur-
vived erivivronmental charging since its launch in January 1976 but has suffered
a power lose possibly because of a charging eveiit -(ref. 9).

When a similar solar array was proposed for use on the latest Comsat sat-
ellite, Intelsat V, several modifications to the substrate were suggested to
minimize the charging of the dielectric surface. The Kapton-fiberglass sub-
strate was changed to include woven carbon-fiber fabrics, or conductive surface
coatings, or both. The fabric and coatings would be electrically grounded.
These '"quari~conductive' dielectric substrates required testing to evaluate
their effectiveness in controlling surface charging. Four solar-array segments
with different carborn-fabric weaves and surface coatings were prepared by AEG-
Telefunken and Conisat Corp. These segments are part of the samples tested and
reported on herein.

Five graphite-fiber/epoxy - aluminum honeycomb panels (samples of mate-
rials for the Navstar, Voyager, and Intelsat V satellites) were also tested.
They are representative of solar-array substrates, antenna materials; and
structural panels used on these satellites. The tWo antenna-panel samples were
painted, ore with a conductive pairnit and the other with a noriconductive paint.

Two thin-film materials, 2.54-micrometer-thick aluminized Mylar and 7.62-
micrometer-thick Kapton, were also tested.

The flexible-substrate solar-array samples and thé Intelsat V honeycomb~
panel samples iwere furnished by the Comsat Corp. The Navstar honeycoib=-panel
sample was provided by the Rockwell Irterriationdl Cotp.' And the Voyager
honeycomb-panel samples were supplied by the Jet Propulsion Laboratory.

DESCRIPTIONS OF SAMPLES

Flexible=Subsgtrate Solar=Array Satiples

The four flexible-substrate solar-array samples were nominally 10 centi-
meters by 11 centimeters in aved. The substrates were made of 12,5-nicrometer-
thick Kapton sheet (density, 19 g/m?) that was reinforced with either a woven
carbon-£fibér material or a woven glass-fiber material bonded to one surface.

A silver-filled polyester strip bonded to the hack surface along each 10-
centimeter edge provided electrical contact to the reinforcing and/or charge-
control materidl. The front surface of each sample held 2-centimeter-by-4-
ceritimeter solar cells of 10-chm-centimeter resistivity.

Sample 1 (fig. 1) had 66-g/m2 woven carbon-fiber meterial bonded to the
back surface for reinforc¢ing and charge control. The fabric elements were
approximately 0.15 centimeter wide and were spaced 5 per centimeter, resulting
in a bare Kapton area of ebout 6 percent. The conductive polyester edge=-strips
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were gpaced 10 centimeters apart with 50 carbon-fabric elements confiecting
thiem. The woven material contained 48 carbon-fabric elemenits creosaing the sam-
ple parallel to the polyester edge-strips. A short picce of Kapteti=insulated
wire was borided into cach polyester atrip for making circuit commections. The
resistance dcross the back of the substrate was 3.6 ohms., Eight 2-eentimeter-
by-4-centimeter solar cells were mounted on the bare Kapton front surface of
the substrate in two parallel strings of four cells in series. The 0.01-
centimeter-thick cerium~doped cover slides were applied with DC 9350 adhesive
and were gimilar to those used on the Communications Technology Satellite

(ref. 8).

Sample 2 (fig. 1) had 45-g/m? woven carbonefiber reinforcing and charge-
control material bonded to the back surface. ‘'fhe fabric elements were about
0.1 centimeter wide and were spaced approximately 3% per centimeter, resulting
in a bare Kapton area of about 42 percent, The conductive edge-strips were
9.8 centimeters apart and were joined by 34 carbon-fabric elements. Thirty=-two
carbon-fabric elements crossed the substrate parallel to the conductive edge-
strips. The resistance of the substrate between the sttips was 3.9 ohms. Cir-
cuit connections to the strips were made through a short piece of silver mesh
bonded into each strip. Four 2-ceutimeter-by-4-centimeter solar cells con-
riected in series were attached to the bare Kapton surface of the substrate.

The long dimensions of the substrate and the cells were parallel. The 0.015~
centimeter-thick cerium-doped cover slides had a magnesium fluoride antireflec-
tion coating.

Sample 3 (fig. 1) was like sample 2 except that a film of soot-bearing
adhesive was spread over the woven carboii~fabric material to cover the bare
Kapton and to improve the conductivity of the back surface. Thirty-three
strands of the catbon~fabric material crossed the sample perpendicular to the
conductive edge=strips, which were 9.9 centimeters apart. Thirty-two strands
of material crossed the substrate parallel to the conductive edge-strips. Sub-
strate resistance between the conductive edge-strips was 2 ohms.

Sample 4 (fig. 1) had 27-g{m?-dense woven glass-fiber material applied to
the front surface of the substrate for reinforcing. The weave density of about
24 strands per centimeter allowed very little, if any, bare Kapton to be ex-
posed. Soot-bearing adhiesive, as used on sample 3, was applied to the bare
Kapton on tlie back surface. Two comnductive polyester edge-strips were placed
9.9 centimeters apart on.-top of the soot-~bearing adhesive. The resistance of
the substrate betwesn the strips was 5.3 kilohms. Table I summarizes the sam-
ple characteristics.

Graphite-Fiber/Epoxy - Alumirum Honeycomb.Samples

Five honeycomb~-panel samples were tested. All five had aluminum honey-
comb cores wlth graphite-fiber/epoxy face sheets. Two of. the semples were
painted, one with a conductive paint and the other with a nonconductive paint.
The remaining three samples had bare graphite-fiber/epoxy face sheets. The
largest specimen (sample 5) was a sample of the Navstar satellite solar-array
substrate, It was 30.8 centimeters by 29 centimeters by 1.59 centimeters thick.
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Its 0.03-centimetex-thick face shieets were wrapped around two opposite edges of
the core and were Joined, making a loop areund the core. A gap in the graphite-
fiber material ran halfway around the loop across one fdve of the sample. The

epoxy conteiit was higher along this stripe than ovetr the rest of the face sheet.

Thé two painted semples (6 and 7) were Voyager satellite antenna materials,
The nonconductive painted sample was 3b centimeters by 6 centimeters by
1.6 centimeters thick with PV100 (titaaium oxide in silicone alkyd) paint on
one surface, The sample with conductive paint (7) was 14 centimeters by

14 centimeters by 2.5 centimeters thick with Goddard Space Flight Center paint
designated NS43C on both sides.

The remaining two honeycomb-parel specimens (8 and 9) we—e samplew of
materials proposed for use on the Intelsat V gatellite. Both specimens were
15 centimeters square. Sample 8 had 0.0l-centimeter-thick woven graphiie~
fiber/epoxy face sheets bonded to s 1.8~centimeter-thick aluminum honeycomb
core with 0.005 centimeter of unsupported epoxy. Sample 9 had 0.04-centimeter=
thick unidirectional graphite~-fiber/epoxy face sheets bonded to a 0.86-
centimeter-thick aluminum honeycomb core. Both samples had & hole drilled
through one corner. An aluminum block wds cemented in the hole with conductive

adhesive. The block provided a point for mounting and for making electrical
connections .

Thin-Film Samples

The thin-film materials tested were

(1) Kapton polyimide film - type H, 127 micrometers i.ivx and with a
vapor-deposited aluminum film on one side

(2) Kapton polyimide film - type H, 7.62 micrometers thick and uncoated

(3) Mylar polyester film, 2.54 micrometers thick and with a vapor-
deposited alumir m film on one side

The two thinner films were tested both totally isolated from ground and mounted

on a.grounded substrate. The .thickest material was tested only while mounted
on a grounded substrate. :

The aluminum substrates were 17.1 ceniimeters by 20.3 centimetars with
leads attached for measuring charging and leakage current. The two aluminized
films were miounted with the alutiinized sides in contact with the substrates.

The two thinner films were mounted by wrapping the film around the substrate
edges and taping it to the substrate back.
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DISCUSSION OF TESTS AND RESULTS

Flexible-Substrate Solar~-Array Samples

The testing ol the flexible-substrate solar-arrdy samples consisted of
three parts. In the first part, the front surfaces were exposed to monoener-
getic electton beams of 2 to 20 keV whilé in total darkness. 1n the second
part, the back surfaces were exposed to monoenergeéiic electron beams while in
total darkness. in the third part, the front surfaces were simultaneously ex-
posed .to a 20-keV electron beam and simulated solsr illumination. The inten-
sity of the illumination at the éxperiment sutface was approximately 0.6 times
the solar intemsity at 1 AU. Nominal electron flux was 1 nA/cm? for all tests.

Each test was begun with the sample surface neutral. A gaseous-nitrcgen
ion source was used between tests to discharge this surface. During the tests,
electron current collected by the solar cells and that collécted by the sub-
strate were monitored separately. The sample's surface potential was monitored
with a noncontact, field-nulling, electrostatic voltmeter whose probe could be
swept across the surface at a separation of .about 0.2 centimeter. Discharge
activity was monitored with & 15-centimetér-diameter loop anteénna centered
sbout 38 centimeters from the gample center.

The first series of tests = runi for 20 %o 30 mtinutes at beam voltages of
2, 5, 8, 10, 12, 14, 16, 18, and 20 kilovolts - were conducted to survey the
response of the substrate front surface and the solar-cell cover slides. The
second series of tésts - run for 20 to 30 minutes at beam voltages of 2, 8, 12,
1., and 20 kilovolts - were conducted to survey thlie response of the back sur-
face. The test results wete compared to determine the most effective technique
for controlling charge buildup on the back surfaces. In the third series of
tests, the front surface of each sample was irradiated with a 1-nA/cm?, 20-keV
electron flux for 2 hours. The first 1/2 hour of the test was like the initial
front-gurface tests except that the sarp.. tempeérature was lowered to about
-18° Cc. During the seccnd 1/2 hour the semple vas illuminated by a solar
simulator that produced about 0.6 times 1-AU solar intensity at the sample
plane. TLuring the third 1/2 hour the sample was adgain in darkress, and during
the fourth 1/2 hour it was again illuminated. Thtoughout the test the temper-
ature, substrate ccllection current, cell-circuit collection current, and sur-
face potential profile were recorded each minure. During the illuminated por-
tions of the test, the array-segment short-civcuit current and open-circuit
voltnge was also recorded each minute.

The test results for sample 2 are shown in figures 2 to 5. Figure 2 shows
typical surface pctentidl profiles for ine Front and back surfaces of th: sam-
ple taken while the surfaces were veirig bombarded in darkuess, Figures 2(a)
and (b) are equilibrium profiles of the front surface under exposure to 5~-keV
(low energy) and 20=-keV (liigh energy) beams, respectively. The low-energy
beam charges the fapton border to a significantly higher potential than thie
solar-cell cover slide. The high-energy beam charges the cover slide and the
Kapton border to comparable potentials. Figures 2(c) dand (d) show the back
surface in a hich-energy beam early in the test and at equilibrium, The
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apprcximately 0,l-centiniéter-wide carbon-fiber thieads and the intetvéning 0.2-
centimeter squares of Kapton are résolvable as the altérnating potential pesks
and valleys. The conductive strips on the sample edges show tp &8 high poten-
tial peaks. The most sigrificant observation to be mri¢ is that the small open
areas of Kapton o. the back surface become charged to hearly the same potential
as the broad open Kapton borders on tlie front surface.

Figure 3 stiows the range of potentials occupied by the various surface
materials of the sample for exposuré to 2- to 20-keV electron beams. Figure &
shcws the equilibrium electron currents to the conductive substrate and solar-
cell circuits in 2- to 20-keV eléctron beams. The current colléected by the
solar-cell circuit during electron irradiation of the back surface is not shown
since it was more than an order of magnitude less than the.current collected
during ‘front-surface irradiation.

The test conducted with the soclar simulator is suminarized in figure 5.
Figures 5(a) and (b) show the surface potentials on the cover slides and the
Kapton substrate border. Under illumination of only 0.6 Sun intensity, the
surface potentials are reduced by an order of magnitude from the values reached
during electroii irradiation in total darkness possibly because of the photocon-
ductivity of Kapton (ref. 10). Figure 5(c) shows sample temperature as a func-
tion of time. The thermocouple used to monitor the temperature was locatéed in
the center of the substrate's back surface. Because of ite location it prob-
ably indicated the true température of all the sample surfaces only during the
first 1/2 hour of teésting. During this time, there weére no thermal inputs to
the sample and a steady state had been achievéda. Figure 5(d) is & cumulative
tecord of the discharge activity that took place during the test. The three
counters connected to the loop antenna were opérating with thresholds of 1, 2,
and 5 volts. The top curve shows the discharges that generated pulses greater
than 1 volt in the antenna. The bottom curve shows dischiarges that induced
pulses greater than 2 volts. No discharges generating 5 volts were observed
during the 2-hour test of sample 2. Discharge activity was grestest during the
first 1/2 hour when the sample wés cold and in darkness. The discharge rate
was teduced after illumination of the sample but increased during the second
1/2 hour of darkness. fThe discharge rate during the second ¢ark period wis
somewhat less than the rate during the first datk period possibly because of
higher sample temperature.

The test results obtained with sample 3 are shown in figures 6 to 9. Fig-
ure 6 shows typical potential profiles for this sample. Sample 3 was identical
to sample 2 except for the addition of the goot-bearing adhesive chargé-control
material to the back surface. The cover-slide and Kapton-border poténtial pro-
file for lowsenergy (5-keV) electron beam irradiation (fig. 6(a)) is very simi-
lar to that for sample 2 (fig. 2(a)). The profile for high-energy (20~keV)
electron beam irradiation (fig. 6 (b)) shows that the Kapton border became less
higlily chatged probably because of the additionsal soot-bearirg adhesive charge-
control material. The most dramatic improvement is shown in figure 6(c), the
profile of the back surface exposed to a 20-keV electron beam. The maximum
potential is two orders of magnitude less thian that of the semple without the
adhesive-soot material (sewple 2). Figures 7 to 9 show surface poteiitial as
a function of beem energy, collected electron current as & function of bean
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energy, and the curves summarizing the 2-hour test in which the sample was
illumiriated by éimulated solar radiationm.

The test results for sample 4 are summarized in figures 10 to 13. Figure
10(a) shows the potential profile of the frorit surface under exposure to a lowe
ehergy (5-keV) electron beam. The cover slide and the fiberglasis-over-Kapton
border became charged to approximatély the same potentials as the cover slides
and Kapton borders of samplés 2 and 3. The potential profile of the fromt sur-
face under exposure to a high-energy (20-keV) electron beam is showri in figure
10(b). Exposure of the back surféce to a 20<keV beam produced the potertial
profile shown in figure 10(c). Recall that the back surface has the soot-
bearing charge-<control material applied to plhin Kapton without any woven
carbon-fiber material. Comparison with figure 6(c) shows that the adhesive-
soot material alore is nedrly as effective as the combined woven-carbon-fiber
and adheésive-soot material in reducing charge accumulation. Figures 11 to 13
show surface poiential as a function of beam energy, ¢ollected eélectron current
as a function of beam energy, and the curves summarizing the 2-hour test of the
sample subjected to alternating periods of darkness and simulated solar illumi-
nation.

The test results for sample 1 are summarized in figures 14 to 17. This
sample was a better simulatiofi of a proposed flight array in that the exposed
area of the substrate on the solar-cell side was a small fraction of the total
sample area. Figure 14 (a) shows tne two deep potential wells due to charge
accumulation on the narrow Kapton borders. The potentials reached by the sur-
faces ir the low-energy (5-keV) electron beam weré much the same as the levels
reached by similar surfaces od the other three samples. The voltage probe
crossed four solar-cell cover slide: as it traversed the sample, and evidence
of these 35 barely discérnible inm figure 14(a). Figure 14(b) is a typical sur-
face potential profile of samplée 1 in a high-energy (20-keV) electron beam.

The cover siides are more easily seen. The potential profile of the back sur-
face in a 20-keV electron beea is shown in figure 14(c). The back surface of
this samplé looks much like the back surface of sample 2, except that the
catbon-fiber material is more densely woveén. Comparing figure 14(c) with fig-
uré 2(c) shows that the closer weave elimihdted the numérous highly charged re-
gions evident on the back-surface profile of sample 2. Although an improvement
over the behavior of sample 2 was realized, the closer weéave was not as effec-
tive in reducing charge accumulation as the adhesive-gsoot matériel applied to
gamples 3 and & (figs. 6(c) and 10(c¢)). Figures 15 to 17 show surface poten-
tial és a function of béam energy, sample current as a function of beam enetgy,
and the curves summarizing the 2-hour test with periods of solar simulation.

Semple 1 ekperiénced significantly more dischdrge activityj on the front
surface then did the othér three samples. This may be dué to the largér number
of solar cells, whose covér slidés could become chiarged and independently dis-
charge to the sclar-cell interéctinections. Comparing figures 5(d), 9(d),
13(d), and 17{d) shows that illumination of the front surface sigrificently re-
duced or eliminated dischdige activity on all samplés, possibly because of the
photoconiductivity of Kapton (ref. 10). The data indicate that the deénmsely
woven carbon-fiber fabric alone or the less-dense carbon-fiber fabric with the
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adhesive-goot material ddded were most effective in preventing discharge ectiv-
ity when the back surfdce was irradiated in darkness.

Graphite-Fiber/Epoxy - Alumirnum Honeyéomb Samples

The five honeycomb-panel samples were tested to detérmine, in each cese,
the degree to which the surfaces of interest became charged in monoenergetic
electron beams of 2 to 20 keV.

The Navstar sample (5) was mounted with its back surface against a 27.3-
centimeter-by-29.3-centimeter aluminum plate to which a lead was attached to
measute electron current to the sample. Typical surface potential prcfiles
are shown in figure 18(a). The ragged profile is probably a result of varia-
tion in the concentration of epoxy and graphite fibars at the surface. Note
the prominent potential spike at the discontinuity in the graphite-fiber sheet.
The general surface potertial across the sample is showh in figure 18(b) as a
function of beam energy. For energies greater than 5 keV, the potential in-
creases only slightly if at all. The nominal current density at the center of
the sample was 1 nA/cm? before each test, as read by the Faraday cup. The sam-
ple current recorded for each test was nearly 1 microampere, indicating an
aversge flux over the 893-square-centimeter sample of about 1 nA/¢m?. No dis-
charges were recorded by the loop antenna located near the sample or by the
time-exposutre camera.

The Voyager atitenna samples (6 and 7) were exposed to electron beams of
2 to 20 keV and flux densities of | and 3 nA/cm?. The dependence of the sur-
face potential omn beam energy and flux density is shown in figures 19 (a) and
(b). The dependence on beam energy disappcars or is much reduced above 10 keV
for both samples. The surface potential of the conductive-paint sample is
abcut two orders of magnitude lower than that of the nonconductive-paint sample
for the same beam conditions. Data from earlier tests of another nonconductive
paint (S-13GLO) is shown in figure 19(c) for comparison.

The sample 8 and 9 honeycomb-panel surfaces were also exposed té 2- to
20-keV electron beams of 1- to 3-nA/cm? flux density. The samples were tested
simultaneously, side by side. The tests were conducted with the samples at
-40° C to better simulate the environment of the materials in use on Intelsat V.
Typical surface potential profiles are shown in figure 20(a). The results of
these tests, including the Navstar test data for comparison, are showii in fig-
ure 20(b). The ragged appearance of sample 8's profiles is similar to the
Navstar profiles and is probably due to the varying epoxy concentration across
the surface. Sample 9's profiles appear more uniform, with two prominent po-
tential spikes at the locations of significant epoxy bleed through the carbon
fibers. Though the loop entenna did not record any discharge activity, the
sample current record and the time-exposure photographs show evidence of activ-
ity on sample 8.

The sample curtent records (fig. 21(a)) were quite noisy. The pulses on

sample 9's current record may have been a response to what was happening on the
other sample. The time-exposure photographs (fig. 22) show a faint glow out-
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lining the graphite-fiber pattern of sdmple 8 but show no evidence of dis-
charges- from sample 9. Also, the surface potential of sample 8 appeared dif-
fereat with each sweep of the probe (fig. 21(b)), but sample 9's profile ap~
peared nearly constent.

Thin-Film Samples

The first test specimen of Mylar was about 28 centiméters square ard was
isolated from ground, with the bare surface facing the electron source. An
electron beam of nominally 1 nA/cm?, at its center, in the plane of the speci-
men was stepped through various energiés from 2% to 20 keV. The potential of
the Mylar surface was monitored by the electrostatic voltmeter.

The response of surface potential of the Mylar film to the varying beam
energy is shown in figure 23. With the specimén isolated from ground and in
total darkness, thus eliminating bulk conduction and pirotoemission currents,
the equilibrium surface potential was a function of beam energy and the mate-
rial secoridary emission pruperties. Although no temperature-measuring devices
were mounted on the specimen, it was estimated that the specimen was at 10° C,
as were other structures within the chamber.

‘ihe surface poténtial résponse of the 7.62-micrometer-thick Kapton £ilm
to varying beam cnergy, with the specimen totdlly isolated from ground, is
shown in figure 24. 1In this configuration, the surface poténtial is about the
same ad thdat of the Mylar film mounted similarly and exposed to the same-energy
electron beam. The surface potentials are compared in figurée 25 as a function
of beam energy for both materials in the totally isolated and grounded sub-
strate mounting configiirations. The test data and calculated values of resis-
tance and resistivity are coéntained in table II.

The data from the testing of the 127-mi¢rometer-thick Kaptori film show
that the surface potential incieased linearly with beam energy to about 12 keV.
Beyond tliis level, discharges begar to take place on the surfdce. The data
taken were not sufficient to tell whether thé discharges were characterized by
charge transport from the front surface to the back surface at the edges or by
charge emission from the surface to other structures within the chamber.

CONCLUSTONS

Four fiexible-substrate solar-array segments, five graphite-fiber/epoxy -
dluminum honeycomb paitels, and two thin dielectric films were expésed to mono-
energetic¢ electron beams in the Lewis Kesearch Ceitter's geomagnetic-substotmr
environmént simulation fécility. The array segmeiits represented different ap-
proaclies to making the dielectric back surface "quasi-conductive" and thus
minimizing surface charge accum:lation. The tests showed, as expected, thac

the more nearly continuous the quasi-conductive surface treatment, the lower
the sutface potential. The tests of the honeycomb-panel samples are evidence
that strong, lightweight, nonmetallic structurdal materials are available that
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have acceptable spacecraft-charging properties. If the surfaces have a suffi-
ciently high &nd uniform concéntration of corductive medium with a conduccive"
path to ground, surface potentials well below those at which discharges occur
can be maintained. Finally, thin dielectric films chatge to high surface po-
tentials when they are isolated from ground. However, when the films are
placed over a conductive substrate at ground potential, surface potentials of
léss than 2% kilovolts can be maintaired eveén when the films are irradiated
with 20-keV electrons.

4.

3.

6.

10.
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TABLE 1. =~ SAMPLE SUBSTRATE CHARACTERISTICS

Sample ‘ Materials® Eloment | Substrate Dimensions, Anticharging Resistance
without nm represented by- ~ between
‘anticharging . ednductive
¢ odge-stripe ©
Density, g/m2 [ ki
1 | Kapton (i2.5 um) 19 155 100 < 110 cFc® 0.0036
c¥ct 66
CY 209 plus 66
hardencr HT 972
2 Kapton (12.5 jm) 19 95 100 x 110 cre? 0.0039
CFcb 45
DuPont 46971 plus 31
hardener KC 805
3 Kapton (12.5 um) 19 104 100 x 110 | cFc,Y puPont 46971, 0.0020
crch 45 hardener, and soot
DuPont 46971 plus 40
hardener RC 805
4 Kapton (12.5 um) 19 59 100 x 110. | DuPont 46971, 5.297
Fiberglass 90001 27 hardener, and soot
DuPoitt 46971 plus i3
hatdener RC 805

2A11 the samples had two strips of silver-filled polyester bonded to the back surface so that
the back surface could be grounded.

bcarbon-fiber composite.

TABLE II. - TEST DATA AND CALCULATED RESISTANCE

FOR THIN PLASTIC FIIMS

Sample Beam Surface Beam voltage Sample Sample Effective Effective
energy, | potential,] minus surface | current, | current bulk bulk
kev kV voltage, uA divided | resistance, { resistivity,
kv by area, Q necm
na/ cm? ‘
127 ~um=thick 2.5 1.64 0.86 0.011 0.032 | 0.149x1012 | 0.409x1016
Kapton 4,15 .85 .005 014 .83x1012 2.277%10%6
8 7 ! .006 017 | 1.167<1012 | 3.201x101®
10 9.0 1 .005 .015 | 1.8x1012 4.938x1016
12 10.8 1.2 .007 020 | 15631012 | 4.232¢1016
313 12.8 2.2 .008 .023 | 1.6x1012 4.389x1010
a8 12.8 5.2 012 035 | 1.067%1012 | 2.927x1016
a 13.0 7 .013 037 | 1x1012 2.743x1016
7.62-um-thick 2.5 1.63 0.87 0.028 0.08 5.82x1010 2.662x1016
Kapton 2.12 2.88 .229 657 | .926x1010 | .423«1016
2.10 5.90 .278 .798 .755x1010 .345x1010
10 1.96 8.04 .298 .823 .658x1010 .300x1018
15 1.20 13.8 .579 1.66 .207x1010 .094x 1016
20 .50 19.5 . 140 .18 .147%1010 .067x 1016
2.54=um=thick 2.5 1.1 1.4 0.09 0.259 | 1.222x1010 | 1.e76x:016
Mylar 5 925 4,075 .191 .548 .486x1010 .664x1010
10 .32 9.68 .322 .92 .099x1010 .136x1016
20 .039 19.961 380 | 11 | .opaol® .014x1018

Yurface discharges occur; surtace potential not truly in equllibrium; all samples

17.04 cm by 20.32 cm,
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