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1. The Lewis Research Center Geomagnetic
Substarm Simulatian Facility

Frank D. Bekopee, \L John Stevenis, and John C. Sturinan.
National Aeronautics and Space Admini stration

Lewis Resedrch Center

Cleveland, Ohio

Abstract

A gimulation faeility has been established at the NASA-Lewis Research Center
tu determine thé response of typleal spacecraft materials tO the geomagnetic sub-
storm environment and to evaluate {nstrumentation that will be used tb monitor
gpacecraft syetem response to this environmeént. Space énvirgrment conditione
simulated include the thermal-vacuum conditions of space, so?ar glmulation, ges-
magneétic substorm electron fluxes and energies, and the 1¢w energy plasma
environment., Measurements for spacecraft material teats include sample currents,
sample surface potentials, and the ecumulative number Of discharges. Discharge
transients are measured by means of Current prbbes and ssc{llogcopes and are

verified by a photorultiplier, Detalls of this facility and typical operating proce-
dures &répresented.

1. INTRODUCTION

Geosynthronous spacecraft have experienced anomalous electronic switcliing
in the midnight-to-dawn region of thetir orbits. 1 Environmental measurements
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llave shown that energies Of transientparticle flues ate higher than expected in
this region. 28,4 | gcecrant anomalous behavior ¢orrelates well with the oecur-
renée of geomagtetic substorms. 5.6 Diffevential charging of spadecraft durfaceg
can oceur, ! and breakdown of charged dielectric materials can follow. Breéakdown
can result in electromagnetic intérference, degradation of thermal control sur-
faces, and surface contamination. 8

A joint technology progrdam has beeh implemented by NASA and the USAR to
investigate the gpacecraft charging phéenomenon. % One objective of the joint
program is to determine the charging behavior of spacecraft materials in a gub-
storm environment and what effect configuration hag on this behavior. This in-
formation will be used in.future spacecraft design practice.

The approach to materials ¢haracterization is both experimental and analytical.
The results of survey tests for a wide Variety of spacecraft surface materials
have been &ummarized and have been published. 10-14 5, analytical program has
been developed Inparallel with the experifmental effort. 15 The experimental work
ha8 been performed in a facility specifically developed to simulate the subatorm
environment. ‘his substorm Simulation facility IS the subject of this paper.

2. FACILITY DESCRIPTION

The simulation facility Was developed to Characterize the behavior of space-
craft materials exposed to a simulation of thé geomagnetic substorm environment.
A schematic dlagram of the gpacecraft Charging test facility 18 preserted in
Figure 1

2.1 Test Chamber

The facility test chamber i & stainless steel vacuum chamber 1.8 m in
diameter and 1.8 m in length. A 1. 5-m diameter thermal Control shroud lines the
chamber interior. The shroud temperature Is controlled by gaseous nitrogen
which caerbe set to any temperature in the range from -185° to +1209C, The
ghroud 18 aluminum and IS painted with a black eleétrizally conductive paint pro«
viding & grounded boundary for all tests. The test chamber {s putnped by & 6.9 m
(36«in, ) diameter oil diffusion pump and typically operates in the range from
6X 1078 t0 2 X 10”7 tore. Pumpdown time 18 on the order of §0 to 120 minutes but
generally testing {8 delayed until sariples have sufficiently outgassed.

2.2 Simulation

The sub&isrm ervironmert IS 8imulated {n discrete iricremerits, The dspect
of the substorm environment that 18 of mwst intereat i8 the electron environment.
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Figure 1. Schematic Diagram of the LeRC Substorm Simulation - R

Facility

It 18 simulated with a Monoenergetic electron beam operated at a voltage in the
range frdm 0 tb 30kV and at a current density in the range from 0 t0 5 nA/cm?,
The divergént electron beam id getierated frbm a hot wire filament by means' of a
spherical segment accelerating grid kept at ground pstential. The cathbde and the
beam-forming grids are bia&ed negatively relative to this accelerating grid. The
electron beam current density is uniform to about 36 percent over & diameter of
0.5 m at the test plane. The test plane is approximatély 1 m from the accelerating
grid.

Solar simulation IS used When photosffects are tb be déterrnined. A 3/4-sun
intensity xenun lamp {s used; intensity is measured at the test plane. The golar
gimulator is located outside the chamber and the radiation. is passed through a
quartz windbw. The spectral distribution, with the quartz window of the chamber,
IS within 10 percent of that recently publishtlaﬁ16 for lolar radiation.

Low energy plasmas are gimulated by means of si qaseous nitroger electrbn
bombardinent plasma source. Nitrogen gars is admitted into a discharge chamber
containing a hot wire filament cathode ahtl a cylindrical skell anode. A magnetic
field eoil {8 spirally wound around the arode to iricrease the path length of the
bombarding. electrons from the cathode to the anode and thereby enhance the tonlza-
tion efficiency. Plasma densities from about 10 particleé per cmn3 up to 108 par-
ticles per em3 can be simulated. The plasma source ts routinely uged to discharge
samiples after testing.
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2.3 Sample \ccommodation

Figure 2 is a photograph of the te&t chaniber irterior. Samples tb be tested
are mounted on a three-pasition dample rotator. Up to three different §amples
can thus be tested during each pumpdown of the facility. vacuum can be maiatained
for several weeks for survey tests of three samples. Sample6 W to 36 by 30 e id
size can be accommodated. The sample under test is located on the-test chamber
centerline as is the electron gource, The electron source IS mounted.on the cham-
ber door Seen partially on the right in Figure 2.
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Figure 2. LeRC Suhgtorm <{mulation Facility Test Chamber
Interior

2.1 Instrunientation
2.4.1 ELECTRON ENVIRONMENT MEASUREMENTS

The electron curredt dengity at the test location is meadured with a Faraday
cup. The Faraday cup iz mounited t0 a 30 by 30 ems metal pllite which Bhields the
test sample. The Faraday cup-#ample shield assembly is positioned in front of
the sample only while the curredt density ig beirig set. The edtrance area of the
Faraday cup is 10 em?, The suppression grid ig operated at -40volts. Stationary
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current probes are mounted sround the sample, These probes are g’z metal
dlsks, 8 em2 {n.ares, that arb used to monitor the Current density e; the test plane
throughout testing. The eurrent dexigity profile of the test plane is obtained by
sweéping a rake of 5 current probes acrogs the test.chamber. The Faraday cup,
shield, statlonary éurrent probes, add rake can b¢ seen in Figure 2.

2.4.2 SAMPLE MEASUREMENTS

Two basic measurements are made when a sample ig Bubjected to the sirmu-
lated substorm environment. The first of these IS the sample electran current-
to-ground. Samples are generally mounted on a metal plate substi. : with the
dielectric surface fazing the beam. During test the substrate is grounded through.

an electrometer. The curréatthrough the sample ig theh obtained as a function of . .-

time.

Sample surface potential iS the sédond bagic measurement made. Surface
potential is meaeured by gweeping an electrobtatic voltmeter probe across the
sample surface. The electrostatic voltmeter is a nondontacting capacitance Coupled
device. The electrostatic voltmeter operates sn a null balance principle whereby
the surface potential, probe is brought to the potential of the sample surface by.a
high voltage power &upply. This design provides accurate meaeurement and
minimizes voltage gradients in the measurement bcation. This measurement is
made in the electroh beam. Since the probe add the sample are nearly the same
potential, the prbbability of arcing between the prdbe and the surface under mea-
surement is minimal. The response time of the device is 20 msee to Change 16 kV;
this ib faster than typical chargidg times being measured. The probe-to-sample
surface spacing is generally maintained at 2.5 mm; regslution IS within 5 percent
at this Bpacing for gpots larger than 8 mm in diameter or strips wider than 6.5 mm,

When arc digcharges occur, some additional data ts taken. Loop antennas are
used to gensge and quantify discharge activity. The Ibop antennas are 15 ¢m in
diameter and the plane of the laop intersecte the plane of the sample! within the
sample area.- The antenna-to-&amplé spacing is abbut 6.7 m. The signals re-
ceived by the aritennag are amplitude diseriminated.such that all sensed pulses of
greater than several specific magnitudes are counted. The curmulative number of
dlscharges of amplitude greater. than 1, 2.5, and 5 vblts, for example, at the input
to the discrimination circuitry then become8 thé basic discharge data. When dis-
charges occur, the sample current measuring electrometer8 are shorted out bf the
measurement cireultry and the sample current directly grounded, Inductively
coupled current proves irnd fast oscillogcopes (100 and 250 MHz2) dre tged th mea-
sire the dare-digeiarge currents. A photémultipiier tube t8 used to sense the
vieible emligsion portion df the dlscharges, The photomultiplier is aigs used to
periodically verify the furictioriing of the discharge mioriitsring circuitry.
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One of the most frequently used pieces of test chaniber apparatus {¢ 8 Polaroid
camera which {5 uded to photdgraph discharges. Discharge Ibcatiohs a8 well as
gsémie visual discharge characteristics are documented, Time expésureés are made
for varying periodys, depending en the frequency of disaliarsging

3...TEST PROCEDURE.

3.1 Initial Condition—-- -

Pridr to any testing, all instrumentation is calibrated. The test chamber ig
then evacuated to a pressure of less than 5 x 1077 torr before any equipment is
operated. Samples are generally maintained in vacuum for up to 18 hr before any
high voltage testing is performed. Outgassing for this period has been found to be-
good practice. Before any testing is performed the sample surface potential is
meagired and discharged with the plaoma source. The state of the sample Burface
ig.determined from measurements by thie sample surface potential probe,

3.2 Establish Electron.Substorm Conditions

"he electron beam- i established by bringing the Faraday cup-shiéld aszembly
to itg position in frbht of the sample shielding the Bample from the &lectron beam.
The proper electron beam canditibns are then get. These conditioris dre typically
a beam vbltage of 2, 5, 8, 10, 12, 14, 16, 18, or 20 kV negative ata Current
density of 0.5, 1, or 3nA/em?, Testing ie performed by starting at the lowest
beam voltage arid current density and {ncreasing these, in steps, as the test
progresses.

3.3 Testing

Testing IS typically perfdrmed by getting the beam conditions and Stepping
thrbugh increasing beam voltages at a given current density, increasing the cur-
rent densfty, and then again stepping through increasing beam Voltages. The
sample IS discharged with the plasmia gource before the beam valtage is chariged.
In this manner, conditisns from -2 k¥ at 0.5 nA/em? to -20 kV at 3nA/em? are
imposed upon the sample. If the test IS a survey test, each condition {8 main-
tained fbr 20 minutes br until equilibrium ig attained, whichever {s lorigér, When
lorig term éffects are under investigation, the spécific conditions of interest are
imposed on the sample for periods of days or weeks as appropriate.

Testing 1& routiriely dofie in the dark and at ambient temperature. When
phiotosftects are to be deterniined, tegting i8 repeated with the solar simiulatsr
illuminating the satipie. Sirilation of solar eclipse conditions call be dorie by
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testing with and withbut séiar simulation for given periéds of time. Eclipsge
testing might be performed, {or example, with a <20 kV beam at.l rA/cm?2 for
30 minute alternating periods of solar simulation and-darkness.

1. CONCLUDING REMARKS

The LeRC gubstorm faellity isin continuous, reliable operatidn, Characteri-
zation of spacecraft materials is IN progress and some reeults have been repbcted.
The facility i¢ modified to incorpdrate new techniques df mégsurement and simiu-
lation as they are required or as they are available. Inde¢pendent development of
ingtrumentation is ¢ontinuously maintained and, whén Bignificant instrumentation
advances are achieved, they are incorporated into the facility.
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