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STATUS OF THE NASA-LEWIS RESEARCH CENTER SPACECRAFT CHARGING INVESTIGATION

. John Stevens, Frank P, Berkopee, and Carolyn K. Purvis

National Aeronautics and Space Administration
Lewis Research Center
teveland, Ohfo 44135

ABSTRACT

The Spacecraft Charging Investigation in the USA is
being conducted under a joinkt, interdependent USAF
and NASA progrom. ‘The objectives of this fivesti-
gation are to develop the technology necessary to
contrel the absolute and differsntial charglong of
spacecrnft surfaces. As the NASA lead conter for
this progrom, the Lewls Research Center {LeRC) has
responsibility for developing ground simulation
facilities, characterizing the charging and dis-
charging characteristics of spacecraft maoterials,
developing analytical modelling tools ond issuing
the design guldelines documenta which are thi prin-
cipal output of the joint investigation, The da-
velopment of analytical medelling is proceeding
with the NASA Charglyg Anolyzer Program (NASCAP).
Faeilities have bepgn developed and ctesting of vari-
ocus materials completnd, Comparisons between the
experimental results, space results and predie-
tions from models have been and are being made,
Harress transient monitors have been Elown on sate-
llites, Status reports on the vorious parts of
the LeRC investigation are inecluded in this rveport.

Keywords: Spacecraft charging, Environmental
interactions, Materials behavior

1. INTRODUCTION

Sinca the early 1970's there have been an unusually
large number of anomalous avents ocecurring on geo-
synchronous satellites (Refs, 1=2). These events
have ranged from uncommanded electronic switching
to complete fallure of a power system, While un-
explained changes in loglc states of .lzctronic
systems were annoyances, thay were corractable,
The loss of & power system, such as that which
occurred on a DSCS II satellike in 1972 (Ref., 2),
meant the termination of that mission, This cata~
strophic fallure provided the impetus to determine

the cause of and to develop the techniques for pre-

venting anomalies,

A plausible couse of the anomallies was found in the
Applications Technology Satellite's (ATS-5) Auroral
Particles Experiment data, These results showed
the exlstence of transient particle fluxes of
higher-than-expected energies at geosynchronous
altitudes (Refs, 3-5)., When the satellite encoun-
ters this geomagnetic substorm environment, space-
craft structures can be charged to negative poten-
tials as high as =19 kV during eclipse periods
(Ref, 6). When the encounter occurs in sunlighe,

photoemission from the exposed, sunlit surfaces

“long term wissions.

witl keep the spacecraft ground potential to mod-
est levels - ugually only a few hundred volts neg-
ative, However, spaceceraft structures have been
found to charge to -2 kV in sunlight during cn-
counters with gevere substorms.

If 8 spacecraft structure con be charged to ayth
levels, then it {8 conceivable that the Lnsulavor
surfaces of o satellite can be charged to similar
levels, #A shadowad insulator can be charged to a
voltage level subatontially different from the
structure or from anothor insulator that is 1llu-
minated, Wence, it is possible that large differ-
entlal voltages can develop on a satellite encoun-
tering & substorm.

It has been shown in laboratory tests on typlca:
spacecraft spurfaces that, with large diffevential
volteges, discharges can occur {Refs, 7-9). fthe
rosuleing discharge will zmit electromagnetic
pulses which can couple into the spacecraft har-
ness., The low-level logic used in most satellices
is susceptable to disruption by .discharge-
gencerated electromagnetin interference, Therefore,
it ia possible that environmentally induced dis-
charges can be the cause of anomalies cbserved on
geosynchronous satellites,

1f the anomolies are enused by discharge-gencrated
pulses in spacecraft harneases, then one sugges-
tion to minimize anomallies 18 to aid filters to
eliminate the transient pulses (Ref. 10). Appar-
ently, this opproach did work on the Canadian-
American ilermes Satellite (Ref, 11},

Satellites being developed for future misgsions
will require lifetimes greater than 10 years,
While filteving may provide the immediate answer
for preventing electronic <nomalies, it dues add
welght, Whether or not the new, long life satel-
lites ean tolerate the added weight seill has not
been determined, but designers would appreclate
not having to carry such penalties. Furthermore,
filtering only prevents switching anomalies, it
does not stop the charging and discharges. TI£
discharges rontinue, degradation of thermal con-
tral surfacis can occur that can be serious on
The electric fields resulting
from surfeee charging could enhance electroatatic
contamination, further cowplicating thermal de-
slgns, The effects of long time eicctrical
stresses in ingulators from the deposited charpge
have not been evaluated, but they could impact
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gatellite Lifetime, Therofore, it was declded thot
corroctlve measurés for gontrolling the effects of
charging of spacecraft surfacea by environmental
flugos should bs found,

In 1975 the USAF ond HASA undortook a jolnt inven-
tigotion of the environmental charging phenomenon
(Ref, 12), The objective of this investigation is
to provide the design guldelines, materifals and
test methods to insure control of absolute and
differentinl charging of spececrafe surfaces. The
Lewls Rosewrch Center (LeRC) was assigned the lead
HASA responslbility in this investigatlon, In this
report, only the clements of the LeRC study are
diecussed, The USAFrole ig defined in Reference 12,

2, LeRC SPACECRAFT CHARGINC INVESTIGATION

2,1 propram Elemonts

Under the joint USAF/NASA Spacecraft Charging In-
vestigntion, the LeRC Ls responeible for both
ground technology and space studles, The program
that has been estoblished ot the LeRC to conduct
this investigation s illusgtrated in Figure 1,

The LeRC investlgation is structured around two
main elements; the analytical modelling tool called
NASCAP (NASA Charging Analyzer Program) ~id ground
test faeilities. The analytical modelling tool is
a computer simulation of the charging phenomenon
capable of treating both ground test end spoce
conditions. Ground testing is conducted in the
LeRC facilitiss to understand how the various
spaceccaft surfaces vespond to simulated epviron-
ment fluxes. These results are cempared te pnalyt-
leal predictions to eolibrate the modelling tool,

Spacecraft horness noise monltors have been doevel-
oped and £lown on both the Hermes-Communications
Technology Satellite (CTS) and the Orbital Test
Sotellite (OTS). These monitors meosure the tran-
slent responses from surface discharges that couple
into spacecraft harnesses., The results con be uped
to ald in the understanding of spaecccraft response
to enviropmental fluxes, The CTS monitor data will
be discussed later in thls report.

The output of the Investigation is to be a Design
Guideline Monograph, This document will summarize
the knowledge of gpacecraft charging phenomena and
will present guldelines to be used to coptrol the
absolute and differential charging of spaceeraft
surfaces., The monograph will incorporate the re-
sults of both the LeRC and USAF investigations.
The initial version will be issued by October, 1978.
It will be updated after the SCATHA (Spacecraft
Charging At The Altltudes) mission in 1979 and re-
issued by late 1980. :

2.2 Analytical Modelling Cemputer Program

The analytical modelling tool developed for this
invescigation, NASUAP (Refs. 13-15) Lls capable of
simulating the chavging of 3-dimensional, complex
bodies as a function of time for cither ground test
or specified space environmental conditfons. The
material properties of the surfaces are included in
the computations, The surface potentlals, poten-
tizl distributions on the surfaces and in space and
particle trajectorles nre colculated,

The flow disgram for the progrem 1a shown in Fig-
ure 2, The vartous program elements will be de-
seribed briefly in the following paragraphs. A de=-

tolled description of the pregram can be found in
the literature (Ref. 13).

2.2.1 Progrom seteup: The computer model ip sok
wp in an emhedded mosh, 3-dimenslonal network
(oce Fig. 3)., The spacacraft L6 doscribed in the
inacr mooh region which is currently limited to
17- by 17- by n points where n can bo any
integer up to 3.

The space surrounding the spacecraft model is de-
fincd in » series of coasending outer mesh reglons,
Each outor roglon is double the size of the adja-
cent inner roglon, This coscading i to reduce
computational time, At the outermeat boundary,
undisturbed environmental parometers (which cin
{nclude sunlight) are specified,

2,2,% objept definition. - The object can be o
goometrically complex spocecraft medael or a simple
plate, In elther case, the object must be con-
structed of cubes ~v sections of cubes. Curved
gurfaces are not aliowed, but con be approximated
by sectlons of cubes,

The surfaces e¢nn be bare metal or covercd by a
thin dielectric film, At present moterial pro-
pettties of nluminum and megnesium for structures
antl Teflon, Keptem, and Quartz for dielectric
coveringe ore stored in the program code, Other
materialp eon be uscd but their materisl proper-
tles (secindary emission, backscatter coefficlenty,
photcemission and resistivity) must be specified,

A graphical output of the object can be ohtained.
The computer will provide isometric or planar
views of the object defined from any set of axes
requested, In addition, this graphlcol display
will code the surface materisls specified for esch
ceil, Since some cbjects can be complicated, this
pption can save voluable computer time by insuring
thaot the objeet being analyzed i{s the ope desived.

2,2,3 Computational elements, =- Trajectory enlcu-
lations are conducted to determine the incoming
flux of particles. There are three basic opera-
tional modes for these caleulations: forward tra-
ectory calculations (for ground test conditions)
and elther Y“reverse particle pushing" trajectory
compittations or Moxwellian environmental approxi-
mations (for space conditions),

Surface interactions arc computed to determine
charge distributions on the spacecroft surface.

The processes considered are secondary emission
due to both electron and ion impocts, backscactr—,
photoemission and leokage through the material.
Surface conduetion between adjacent cells is not
presently considered. The code will compute space
charge due to sccondary and photo cmitted electons
in the region adjacent to the spacecrafl,

A conjugate gradient computation technique is used
to determine purfaca potencinl distribution as
well as pocential distributien In space, The pro-
gram assumes that there are no space charge af-
fecks except adjacent to the spocecraft model
(when that optlon has been selected),

The program will iterate on these computational
clements untlil o self-consiskent solution is ob-
tained. It has been found that 60 ltevatlons arc
sufficient to obtain a valid potential distribu-
tiop Eox a time step.
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2.2.4 Qutput, - For each time step (Lf desired), a
printout can.be obtalned of the charge or potuntial
throughout the embedded mesh network, Graphical
outputs of putential contours and partirie Lrajec-
tories in the plane of any combination of axes can
be requested,

2,2,5 Statua, - The NASCAP code 18 currently oper-
ationrl on the LeRC UNIVAC 1100 computer, Both
grouad test simulation and space model routines are
being checked out, A User Manual (Ref. 16) is
available,

2,3 Ground Test Facilitics

A geomagnetic aubatorm aimulation facility has been
developed at the LeRC to conduct the materials re-
gponse investigatione (Ref, 17), This facllity is
housed 4n a 1.8 m diam by 1.8 m_long veacuum chamber
capable of operating in the 10°7 to 108 torr
range, The facility i{s shown in Figure 4 and a
schematic diagram is given in Fagura 5,

2.3.1, Epvironmental Simulation: The electron con-
tent geomagnetic substorm Elux is simulated by an
electron source, This mourca can be opernted ns o
monoenorgatic beam aC any accelerating encrgy be-
tween 2 and 25 kV or 28 a distributed energy beam
cycling over wide energy ranges (500 to 25,000
volts) about once per second. _In e.iher cose, the
current density over a 3000 em? arca can be con-
trolled at values betwaen 0.5 and 5 nA/dR2,

Solar simtlation can be obtained £rom n Xenon lamp
pimulator. This simulater is located outside the
chamber and the f{llumination is trensmibted through
a quartz window,

Low energy plasmas are generated in the chamber by
meand of a gasaous nltrogen electron hombardment
plasma source, This source is routinely used to
dischiavge sample surfaces after testing,

2,3,2 Teat Specimen: Samples to be teated are
mounted oi a three~position sample rotator. Up to
thrae different samples can be tested during cach
pumpdown of the facility. Samples ap to 30 hy 20
em in slze can he accomodated., Substrates of the
test specimen can either be grounded, allowed to
float electrically or be biased by external power
supplies.’

2.3.3 Instrumentation; - Electron current density at.

the test locatfon ie measured with a Fareday eup.
This cup is mounted on a 30 by 30 em plate which
shields the sample while the gun parameters are
being established,

The surface voltage of the sample is measured by
oweeping the electrostatic voltmeter probe acrogs
the semple. This probe 1s a noncontacting capaci-
tance coupled device and usually traverses the
sampla about 3 mm above the purface, The probe
functions while the beam is on o that continual
cliarging curves can be obtainad without interrupt~
ing the electron flow, . :

When the taest sample 2ubstrete is grounded, the
total leakage current through the dielectric and
around the sample edges ils measured by an electrom-
etar in the ground Iinz  From these data the
charge stored in the test samples can Le determined,
Typical data sets for materials characterization
tests are shown in Figure 6. :

R TR DRl s T T

When discharges occur additional messurvements are
taken, Loop nntennos ave used Eo sense and quen=
tify dischorge activity, The signols recalved by
tha ontennas ave amplitude discriminated into 3
separate ronges (> 1V, >2,5V, and > 5 V) and
counted, Inductively coupled current probes on
the sample ground llne (with the curroent sensing
cloctrometers awitched out) and fast oscillescopes
are used to measure the replaccment currents ra-
sulting from arcs. This measurement nllows the
computation of charge being drown from ground to
noutralize imape charges In the test sample, This
roplacement charge can then be compared to the
charge lest during o discharge ae computed from
leakage current transients and surface voltage
meaguremenis,

Piasciarges are photographed with a Polareid por-
trait esmeran, These photographe can be aither
msitiple exppsure to obtoin the completa discharge
history of o given test or o single discharge ex-
posure.

2,4 Moterial Characteristice

The majority of the testing has been done with
monoenergetic olectron beams with the sample sub-
strate grounded, A listing of the surfaces tested
i5 given in Teble I, In addition to the single
surfaces, multiple epecimen samples have been
evaluated to determine geomotry effecks on the
surface charging. Rather than attempting to dis-
cuss all of the datan, sclected examples will be
used to Lllustrate the status of the investigation,

2,4.1 Charping Studiea, - The catogories of som-
ples to be discussed in this section are smooth
surfaced Insulaters dnd rough suifsced insulators.

(a) Smooth surfaced insulaty)ra, - This cate-
is typified by insulators such zs silvered Teflon
or aluminized Kapton. When exposed to mono-
energetic electron beams, the dieiectric surface
charges to a surface potential equal to the beam
potentiol less the seccond unity yleld voltage for
secondary emission {(Ref. 13} for silvered Teflon
somples, this means that the surface voltage 1is
about 1900 volts less than the beam voltage while
for aluminized kapton, the surface potential 1s
about 1209 volts less.

A given sample charges to equilibrium much like a
capacitor inta finite period of time., This time
can vary between 4 und 15 minutes depending on the
moterial., When steady-state is reached for a
glven beam voltage, the surface voltage profile
indicates strong gradients at the edges and a uni-
form potential at the cepter. Typical data for

5 mil silvered Teflon samples are illustrated in
Figure 7.

Analytical models of the silverad Teflon samples
have been developed using one dimensional approxi-
mations, These models have been uaed in conjunc-
tion with experimental data to obtain best-fit
model parmmeters {Ref. 18).. The f£it obtained is
ghown in Figure B, As can be peen, the simple
current balance approach used in the one dimen-
sional model does adequately describe the charging
process for single surfaces, However, for multi-
ple insulator surfaces this approach 1z questicn-
able since there is no provision for coupling be-
tween the vavious Iinsulator surface voltages.
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Analytical models have also beoen penerated fop
allvered Teflon uping tho NASCAP cades  The com-
pavison of the predicted equilibrlum surface volt-
ogo proflle agalnst ¥he experimental reoulkts for
clectrically floating aubotrotes Lo shown In Fig-
ure 9, The prodictlons agrec reasopably well glven
that the NASCAT code do not include surface lenkage
currents and that the bulk curronts through the in-
gulator arec mmall.

{b) Rouph purloced insulatorn, - This catogory
of samples includes such Ingulators as sllica cloth
ond graphlte-cpoxy compositen, These samples have
an ir.sgular or porpus surfoce,

Whon exposed bto the clecerpp boom, the surface
voltope profila exhiibits o nonuniform potentinl
corresponding to frregularicies In the surface
(see Fig, 10). Thest samples charge to rather low
potenciole which appoar to be leakoge-current con-
trolled. The surface voltage profile atill shows
the edge gradient and alpo shows very hiph ficld
gradients wkthin the material,

The graphita~epoxy honeycomb somples tested have
indicated that construction ond macerials used have
a primary influence on tho charging behavier, Two
pomples were tosted side by side. One sample used
expoxy-impregnated graphite woven cloth while the
other used unidirectlonal graphite-cpoxy cloth,

The woven eloth sample chorged to appreclable
levels while the unidivectfional cloth remnlned at
lowor levels (see Flg. 11). The woven cloth sample
aipo glowed In the high energy beaw (sec Fig., 12),
The plcture is a 63 winute time e¢xposure of a test
nt 20 keV bedm, The glow in the right hand sample
is from the sample microdischorges that occuryoed
during the test, 7There were no digchavges counted
by the loop ontennn system during this test,
Therefore, it {8 belicved that this type of aomple
relieves the internal stvess by small, glow type
dischorges. ‘This behnvior would produce roise but
abould not couple into tho spacecraft command ays-
tem and thereby couse anomalles, '

2,4,2 bischarpe studics, = When the spocecraft
charging Iinvestigacion began, the basic questicns
of the focus and propagation of dischavges were un-
answered, Thers were photogrophs of discharges
{Rnfa. 19-20) and possible models to explain the
digcharge characteristics (Ref, 22). All that was
known was that discharges occurred and that the
transient eurrent pulse hod tne Ywrong" polarity,
t.6,, electron flow from ground to the substvate,

There has been progress in eategorizing discharge
behovior, Discharges obscrved Iin the LeRC tests
(and at other facilitics) are belioved to be edge
phenomena.  The dlscharges are tripgeved at the
insulator edge or at an imperfecktion ond charge is
then moved along fonized pothe to the glte (see
Fig- 13)0 .

This belief is based on the Following experimental
facts, Firet, it has been found that the surface
voltage at breakdewn is far less than the diclec-
tric strength of the insulators. TFor example,

5 mil silvered Teflon somples have been found to
dlscharge when the surface potentinl is about -12
kv, This amounts to a dielectrie strength of only
2-1/2 Ww/mil much less then the pubiished values,
Second, it has been found that dischaérges con be
inhibited by shlelding the edges of insulators from
the eleetron beam with o grounded metallic frame
(Refs. 22-23). Under these conditions the sllvered

Teflon somples exhibit dieclectric strvengths of 7 to

10 kv/mll bofore breakdown through the materials
occurs, Theso rosults are more consistent with
the expected bulk breakdown behavlor.

The discharge appenve to creste plasmn pavtieles
which nre accelovrated away frem the specimen, '
Both positive ond negatlve charges have been ube
sorved leaving the surface ps o resulk of dip=-
charges (Rels, § ond 23),

The exporlmental cevidence from the discharge ptude
fes secms to support the concept that the dip-
charges initiote ot inaulator cdges or at fmper=
fections whore the electrle ficlds are stroog.

The dischorge process credtes s plosma, and both
positive ond negotive charged particles leave tho
surface, ‘The surfnce voltage at the discharge
site collapses induging surface voltage gradisnts
which can cause microdischavges nlong tracks on
the surface, The roeplarement translent current
pulse from ground to the subatrate secounts for
the net charge lost from the semple, This ro-
placement current charge has been found to be less
thon the totnl charge lost by the surfaco {Ref. 20),

This model of discharges is mot complete and addi-
tionnl studies are requlred to dovelop n compre=-
henslve model, The experimental work must be
coupled to analyticnl cvaluations in order to be
able to extrapolote to large samples in o space
environment.,

2.5 Spaco Experiments

In this progrom element there are two toples:
annlyticol modelling ond spacecrnft monitor pock-
agee,

2.5,1 Analvticol modelling, - The NASCAP code has
the capability of predicting surfoce potentiols
for camplex satellites in space cavivonments
eorresponding Lo geosynchivonous orbite, The eval-
uation of this part of the progrom is currently
underway, Comparisons between NASCAP models of
AT5-5 and 6 and SCATHA, and Elight data will be
made to ensure the oaceuracy of the prodictlons.

At this time only peometrically simple objects
hove been medellied in the space version of NASCAP
(Ref, 14), A Teflon covered sphere subjected to
o geomagnetic substorm and sunlight {s shown in
Flgure 14, This flgure Lllustrates the necessity
of using multidimensional codes to annlyze envie
ropmental effects, ‘The fleld distribution is
assymetric - the shade side [lelds extend beyond
the terminator and ereate saddle points in the
distribution on the sun side (Ref, 26), The exis-
tence nf such saddle polnts have also been re-
ported by aothers onalyzling the charging of space-
craft (Refs, 27-28). Simple, lumped parmmeter
models of spocecraft will not vecognize the exis-
tence of such distributions, The influence of
this osgymetrie ficld distribution will be evalu-
ated,

2.5,2 Spacecraft monltor pockages, - A spacecralt
harness nolse monitor, called Transient Event
Counter (TEG), bing been Elown on the lewvmes (CTS)
Sotellite and oparated for a year (Ref. 24). An
improved TEC hns been ineluded on the Orbieal Testc
Sutellite (018).

TEC s a small, lightwelght electronic device
which senses and counts electrical transients in
spacecraft wiring hornesses. LIt can detect



harness transfents which exceed 5 volts in ampli~
tude at rise tiuee Of leav tham 0,3 usec, 1Its pure
pose ls to identify ctransicnts i{n the space vaft
viring harnesses which can be attributed to spaco-
eraft charging phenomena, that ls, to discharge
energy plcked up by the harnesses which could cause
switching of spaccoraft logle circuits,

On the Hermes satellite three wiring horncsses were
monltored: the osttitvde control instrumentation
wire harness between the nonsplnning Earth sensor
agsembly and the attitude control electronics ap-
sembly; tha solar array instrumentation harness
within the apacecraft body at the slip tings; snd
the solar array power harness within the spacecraft
body at the slip rings.

The f£light data obtained with the CI'S monitor for
the year's operation is shown in Flgure 15. HNotec
the large number of multiple discharges that have
occurred., Numerous attempts have becn made to
correlate these transient cvents to geomagnetic
gubstorm activity based on ground observatory data
without succesa, The local time distribution of
transient avents ls plocted for each TEC ehannel in
Figure 16. This is o polar view of the Eorth with
a 24 hour local time scale superimposed, TEC tran-
slents for each channel are plotted at spacecraft
local time of otecurronce without concern for the
number of translents. The radisl distance is used
to separate the transledt events into 3 month in-
tervals., This distribution of the events appears
to be random} transients cen occur any time., Even
though there have been a laorge number of transients
recorded, there have been no spurious electronic
switching anomalies reported, This is belicved to
be due to the filgering empleyed in the command and
data lines (Ref, l1),

One conclusion reached from the TEC monitor data is
that the spacecraft probably reacts in o differentc
manner from that one would expect from simple,
small scale laboratory tests, The multiple dis-
charge characteristic of this data would indicate
that large insulator surfaces on gpacecraft are not
completely discharged at once, but lose the stored
energy in a seriecs of smaller discharges, This
evidently saves the spacecraft system from having
to absorb all the discharge energy In o single
burst. Tests of full sized spacecraft in ground
facilities are requived to understand this behavior,

Another conclugslion from the TEC data ig that envi-
ronmental sensors are required on the satellite in
order to interpret the harness noise deta, A scot

of monltors to accomplish tl.s has been deseribed

in the literdture (Ref, 25).

3. CONCLUDING REMARKS

A techinology program is underway at the LeRQ as
patrt of the joint AF/NASK Spacecraft Charging In-
vestigation, This program includes hoth experi-
mental and analytical investigations,

Considerable progress haos been made in understand-
tng charging of single insulater surfaces. Tt has
been found that the surface voltage rf the insula-
tor can be estimated from a current balance, The
charging of multiple insulator surfaces can be

predicted by use of computer codes auch as NASCAP.

Discharges that have been observed in ground facil-
ities appear to be between the charged surface and
space. Both positive and negative particles have

been detected from discharges, Additlonal work is
gtill required to model the discharge process and
to scale the diascharge energy as a functlon of In-
sulator area,

Teating of large scale modols of spaceeraft in
vacuum facllitics is needed to complete the in-
vestigation of satellite behoavior In n charging
environment, DBy conducting these teste Lt will he
possible to learn how mulciple insulator, complox
geometry surfaces charge, where discharges occur,
and how the discharge encrgy couples into the
spaceeraft structure, Flight dats from missions
suclh as SCATHA arc requlred to verify the accuracy
of ground test resules,

The information gathared in the LeRC Investigation
and that gathered by A,F. Labovatory studies will
be used in a Design Guideline document, This docu~
mant %ill present guidelines to be used in future
spacecraft designs to minimize the spacecraft
charging intervactions, Tt {s planned to issue the
interim document by October, 1978, The final ver-~
sion of the document will be issued after the
SCATHA Llight,
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TATLE L. = MATERIALS TESTED

Spacecraft Palnte
§-13G nonconductive paint
2-93 nonconductive point
Conductiva paints
Insulating Films
Bllvered Toflon
Kopteor
Thormal Blanket Samplos
Kapton Quter Layer
Quartz Cloth Quter Loyer
Solar Array Segments
Standard cells on fibarglass substrates
Solar cells in floxibio subacratos
Solar cells with conductive film ¢overglnss
Graphite Epoxy Hencycomb
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Figure 13, - Discharges in single sheet
silver teflon sample.
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Figure 14, NASCAP predictions.
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Figure 15. Summary of transient event counter data.
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Figure 16. Local time distribution of TEC events.
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