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1. .the l e w i s  Research Center O e o m g h e t i c  
Su bstarm Simulatian Facility 

'I Rat& D. Behope N. John Strvrhq and b h n  C. StuMoir. 
Nationa Aerbnautics and Space Admihittrdfion 

Lewis ReswrACenter 
ClsLatand, Ohio 

Abstracf 

A Bhulatibn fatilit$ has  been eetiiblitShed at the NASA-Lewis Research Center 
tu determine the responee of t s i c a l  spacecraft materikle to the geomametit aub- 
storm environment and to evaluate inetrutnentation. that wi l l  be used tb monitor 
epacecrkft syetem response ti# this envirbn'ment. Space envirotatnent conditione 
simulated include the thermal-vacurlhl conditions d l  space, solar sttnulation, geb- 
magtletic erlbstorm electi.on fluxes and energies, and the ldw energy plasma 
envirohixient. Measltrensbnts for  spacecrtkft mhterial teats include &ample currents, 
sample surface potentials, and the cutnulative number of discharges. Discharge 
transients are melaured by mea.- of Current prbbes dnd 6ecillbecopes and a re  
verif'ied by 8 photbmultiplier. DetClile bf thib facillty and typical operating proce- 
dures &re presented. 
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]rave ~ U w n  that ede-qh of transient particle f l u e s  ate  higher than exgected iti 

thib region. '* 
rence of gemnametic sia~torrh~. 
cah o c c e ,  ' ahd breakdown of charged dielectric materials can follow. lheakdown 
cah result in electromagnetic interfePence, &&adation of thermal cantPo1 sur- 

8 faceb, and s t l rhce  contgminatioh. 
A joint technology ptogram has beeh implemented by HASA and the USAEto 

investigate the spacecrait charging phenbmenon. ' One objective of the joint 
program is to determine the charging behavior of spacecraft materials in a sub- 
storm enuironment and \that effect configuration ha$ on this behavior. "hi8 in- 
formation W i l l  be used in. future spacecraft design practice. 

The relrults of survey teat@ for a wide Variety of spacecra€t surface materials 
have been mmmarized a m  have been publiished. 
been developed in parallel with the experimehtal effort. l5 The experimental work 
ha8 been perforaed in a facility specifically developed to simulate the subatorm 
environment. 'his 81ibBtoz-m Simulation facility is the subject of thi8 mper. 

k acectaft ah6knalous behavbr  carrelatee well with the otcur-  
e DiffeveMia1 i u r g i t l g  ot s p a b e c u  burface6 

"he approach to materials charactecizltidn is both experimeutal ahd analytical. 

~ l i  a n d y t i c d  progriim b e  

2. FACILITY DESCRlPnON 

The slniulation facility W a s  developed to Characterize the behavior of apace- 
craft materials expoised b a himulatibin of the geomagnetic eubbtorm environment. 
A schematic diagram of the sp&CeCrBft Charging test Pacility is pre6ented in 
Fimre 1. 

2.1 Test Chamber 

The facility teet chamber 18 ti st&ifilesB steel vacuum chamber 1. 8 m in 
diameter and 1.8 m in length. A t. 5-m diameter thermal Control shroud k e g  the 
chamber interior. The shroud temperature is controlled by gaseous nitrogen 
which canbe  set  to any temperature in the range h o m  -185O to +l&O°C. The 
shrdud firl aluminum and is painted with a black eleCtriCallp conductive paint prb- 
viding B grounded boundary for all  tests. The test chamber 1s pumped by R 6.9  m 
(36-in. ) diiuneter oil diffusibin pump and typidally operates in the range from 
6 X 1 f 8  to 2 X lo'' brf. Pumpdown time i& on the order  of 60 to 120 minute8 but 
generally testing is delayed utrtfl emiplee have sufficiently outkabked. 

2.2 SImuIiatlon 

The Eiublbmi Brwironmedt is eimul&ted in discrete increments. %e aspect 
of the subetorm envLronrrient that 18 iif ma58t intereat is the electron enirlronment. 
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It is sirrluiated with a Monoenergetic electron beam operated at a voltage in the 
range frdm 0 tb 30 kV and at a current denlity in the range fimm 0 to 5 nA/cm2. 
The diverdent electroh beam id  gefiwsitetl frbm iil hot wire filament by means' of a 
spherical hegrrlent accelerating grid kept at  gfound pbtential. The cathbde and the 
beam-forming grids a r e  biaseU negatively relative to this accdleriating grid. The 
electron beam current denlity iS uniform to about 36 percent over a diameter of 
0 . 5  m at the test plane. The teSt plane i h  appronimatcly 1 m from the accelerating 
grid. 

intenf3ity xenun lamp is uhed; intensity is meathied at the test plane. The W a r  
$itnulator is located outside the chamber and the radiation. is pabsed through a 
quart8 windbw. The iripectral dietribution, with the quartz windbw of the chamber, 
is withln 10 percent of that recently pubIishedl6 for lo la r  radiation. 

Law energy plasmas &re dimulclted by means of si qaseoug nitrbgen electrbn 
bbmbartlihent plasma source. Bitrbgen gars is adriiitted into a discharge chamber 
containing a hot Wire filament cathode ahtl a cylindrical diel1 anode. A magnetic 
field Coil is spirklly wound around the atiode to idcrease the path length of the 
bombarding. electrons from the cathade to the anode and thereby edhance the i b d i a -  
tion efficiency. P W m a  densities from about 10 pirticleri per  cm3 up to lo6 par- 
ticles per  cm3 can be siniulatetl. "he plasma source ts routinely used to discharge 
sanipleir after fedtine. 

Solar simulation is used When phbtbeffects a r e  tb be determitretl. A 3/4-sun 
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2.3 Samyifp \vcommbdaiioti 

Figure 2 1s a photograph of the tebt chaniber irlteribr. Samples tb be tested 
are mounted on a three-pasition dample r6tator. Up to three different lamples 
can thus be tested during each pumpdbm of the facility. vacuum can be maiatained 
for several weekb for Bumey tests of three samples. Sample6 Up to 30 by 30 crrl id 

size can be accotnmodated. The sample uhdeo test is located on the-test chamber 
centerline as is the electron OourCe. The electron sourCe is mountedon the &ham- 
ber  door Seen partially on the right in Figui'e 2. 

Figure 2. 
InteriaP 

LeRC Sub$torm ciniulatibn Facility Tebt Chamber 

2.1 lnstrunienlntinn 

2 . 4 . 1  ELECTRON EI4VIRONRhENT MEASUREMEPd'fS 

The electron curredt dmsity at the test locatton i B  meagured With a Faraday 
cup. The Faraday cup is motthted to a 50 by 30 crh metal pl l te  which Bhields the 
test sample. The Paraday cup-8aMple shield aesembiy is poBitioned in front of 
the sample only while the curredt density is beifig siet. The edtrance area of the 
Faraday cup is 10 cm'. The euppression grid I s  operated at  -40 volts. Stationary 
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cwfent  gr6beB a$% rhouxated Ir'sound the saiipke. T'hesre probes are p',..d metal 
disks, 5 trir2 h a r e a ,  that arb used to mhitok.the Current density e ;  the test plane 
throukhdut testing. The turretit den8ity profile af the test  pkace is obtahed by 
sWe6pihg a roke df 5 a r r e n t  p r 6 b s  atrbbs the test. chamber. The Faraday cup, 
shield, statlonary Curtent probes, add rake can be seen in Figure 2. 

2 . 4 . 2  SklbIPLE MEASUREM.~Nl% 

Two baeic meaeurements Are made when a sample i$ Bubjected to the simu- 
lated substorm environment. The first of these is the &ample elec+vh Cupreat- 
to-ground. Slirplee a r e  generally mounted on a metal plate substi. : with the 
dielectric surface facing the beanl. During test the substrate i$ grohnded through. 
an elebtrometer. P i e  curre!attht.ough the sample ir4 theh bbtained as a f m c t h  oE.- .- 
time. 

Sample surface poteatla1 is the seCond basi t  measuremerit made. Surface 
potertial iS meaeured by sweeping an electrobtatic \foltnieter probe acroes the 
sample burface. The elzctroetatic voltmeter is a noncontacting cwacitance Coupled 
device. The eleCtrobt$.ti& voltmeter operates 6n a null balance prineipld whereby 
the slirface potential, probe is braught to the potential of the Gample Gurftice by. a 
high voltage power eupply. Thie design provide6 accurate meaeurement and 
minimizes voLtage gradients in the measurement bcation. This me&$urerllent is 
made in the electroh beam. Since the probe add the sample are nearly the sanie 
pbtentia, the prbbability of arcing between the prdbe and the 8urface under mea- 
surement is minimal. The reepolise time of the device is 20 msee fb Change 16 kV; 
this i b  faster than typkal chargidg timelil being measured. The prbbe-to-skmple 
surface &pacing ie generally maintained a t  2 . 5  mm; Pelblutioti is within 5 perCent 
at this Bpacing for spate larger  than 9 mm in diameter br str ips  wider than 6.5 mm. 

When arc dilcharges occur, some adtlitibnal data is taken. Lbop antennas are 
used tu Benee and quantify discharge activity. The lbop antennas a r e  15 cm in  
dhtheter  and the plane of the laop intersecte the plane of the sample! within the 
sample area.- The antenna-b-&&mpk spacing is abbut 6.7 m. ' h e  BigtlalB re- 
ceived by the intend88 are amplitude distriminated-auch that all sensed pulees of 
grehter Man several specific magnitude6 a r e  counted. The cuthulative number of 
dilcharge8 of amplitude greater. than 1, 2. 6, and 5 vblts, fbr  erimhple, at the input 
to the discrimination cifcltitry then become8 the bai3lC discharge data. Whed ais- 
charges occur, the sample current measuring electrometer8 a r e  $h&rted out bf the 
Measurerrient clrcuitrj, and the sample current directly grbridded. Inductively 
coupled current probe& irnd fast osdllbscbpes (166 and 250 fMHd are uered tb Mea-  
Burt the Qrc-dkcharge currents. k photomultipiier tube id u6ed b sense the 
vislble' emiaeidn portion df the dilcharges. The photomultiplier is aied used to 
periodically verify the fudctidding of the discharge moriitwltig circuitry. 
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One trf the inoat ffequentlp used pieces of test chaniber appbratus iS 8 Palarbid 
c m e r a  which i b  u#ed to pktcigraph diskharges. Didkhakge lbcatiohs ai9 wel l  a6 
sdhle vieual dischaP& chiracteristiCs are doeutnented. Time ekpdsures are made 
for  Varyidg period&, de- en the fre- 

3.1 lnitiirl CdndiLiom-. - - - 

Pridr tC, any testing, all inStrumentatbn is calibrated. The test chamber i B  
then evacuated to a pressure of less than 5 X LO'? t o r r  before any equipment is 
operated. Samples are generally maintained in Vacuuln for up to 16 h r  b e h r e  any 
high voltage te&Ung is performed. OtitgaBeing for this period has been found to be 
good practice. Before any testing i$ perfdrmed the $ample surface ptltential is 
measui-ed and discharged with the plaoma source. The etate of the sample Burface 
ia.&termined from measurements bf the sample surface potential probe, 

3.2 E s t a b l i s h  ElectroaSubstorm Condi t ions  

"he elet t rdn beamidl established by bringing the Fakadry cup-lhield al lembly 
tb it8 poClitian in frbht df the sample shleldihg the Bample frbm the eleetroti beam. 
The proper electron beam canditibns a r e  then get. These conditioris &re tfiicaily 
a beam vbltage of 2, 5,. 8, 10. 12,. 14, 16, 18, or 20 kVnegative at  a Current 
density of b. 5, 1, o r  3 &/em2. 
beam voltage arid current density and increbeing these, in etepl, a l  the test 
pregresses.  

Teeting ie performed by starting at the li$we$t 

3.3 Teeling 

Testing is typically perfdrmed by Isetting the beam cbndition8 and Stepping 
thrbugh increasing beam voltage& at a given current density, increasing the eur- 
rent denlity, and then a$ain Btepplng through increasing beam Voltages. The 
sample is discharged with the plasnla sbilrce bef&re the beam valtage 18 khatigcd. 
In this manner, cblrdltlanrj from -2 kV at 0.5 nA/cm2 to -20 kV at  3 nA/cm2 a r e  
impoled upon the sample. If the tedt is a luntey teBt, each condition i8 main- 
tained fbr 96 minutee b r  until equilibrium is attained, uihiehetiet. is lbnger. when 
lung term effectsf are under hVeetig&tidil, the spsctfic conditbnl of M e r e s t  are 
imposed on the sample for periods of day6 or weeks as appropriate. 

phatoeffect8 a re  to be deterniined, testlrig is repeated with the solar siniulattir 
illunllnathig the eciiriple. Simidatian of solar eclipse conditicids call bC ddrle by 

Testing i B  rbutiiiely dofie in the dark and at amblent temperature. When 
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testihg with &riel withbut eblar simulation for given pertdde of time. Eclip6e 
testing mieht be $eP€drtheU, fdr exalliple.. iirith a -20 kV b e h  a t 1  RR /cm2 f& 
30 mitiUte al ternutag periods bP eolar simulation ahbdErkkeS6. 

The LeRC BUbBtorm fhcility is in continuous, reliable operaticjn. ChBracteri- 
zation 6f spacecraft mllterials 1s in progress and Borne reeults have been repbcted. 
The facility is modified to incdrpbrate new techniques df mCIaBurement and s h u -  
latibn a s  they a r e  required or as they are available. Indeppcndent development of 
in6trumentatibn is Continubudy maintained and, ahen Bignificant instrtiknentatioa 
advances a r e  achieved, they &re incorporated into the facility. 
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