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SUMMARY

Spacecraft charging in low-sltityda polar orbir has recently become recognized as 1
significant environments. interaciions SThe same conditinns needed for spacecrait charg-
ing at geosynchronous orbit are also {>und it tines in the low-sititude poiar-aurorsl
envirooment. The requirad conditinnm are high fluxes of endrgectic electrons, lov plasma
densities, and darkness. The energotic electrons gre found in very bright m2ccive zuro-
ras. Plisms doncities arc occasfonally lov enough in polsar regions but, more important~
1y, a large bday such 3s the Shuttlis swaepas out the sobient fonospheric plasaa fo
produce & cavity ip fts waka. Tke POL.R cherging code has heen used with measured
paramoterc for energeli: surursl clactrons and plasms dennities to eveluat) dolar orbit
chargiang. The Shettle can be expected ¢ chazgs st times to thourands of volts while
the ootroneut during dktrasehioulez—-activity-CEVAY zan charge to hundreds of valts. The
auitibody chargiag probiem of the astromiul in the wske of tha Shuttls; s more compli-
satsd prodblem, 1s being avaiuatad. Laboritory test rcnultfkvkii“bi’pzt:snto: ckat
confirs charging scd subsequant arc discharge uf EVA vquipment matgrial samples; Induced
current and radiated radio froquecucy slectromagretic iuterfsrence (EMIY were
neasure from the arc dtn:ﬁkr;el. Such EMI cculd csuse potentislly dangerous EVA equip-
ment snomslies. OGround tests of subsysteas and the complete EVA equipment system are
needed.f?Orbltnl tests to validate model predictions snd understanding of polar orbit
Shuttlevwake charging will} be proposed.

INTRODUCTIOR

The adveut of manned polar orbit flights {rom Vandeanberg AFB incressas the iwpor-
tance of environmental considerations which have not bsen eigaulficant to previous Shuitle
missions. Taesage over int2ns¢ duroras may result in polar~auroral charging and
subaequent arc dischirge. Recent acasureaments on Afr Force polar-orbiting meteorologzical
sitgllites conficm thar charging (res occur and provide values for the cavizonmeatal
perameters contributiang to the ckevging (1). The concern {s primarily fov arc-discharge
eifects oa the existing extravahicular activity (XVA) equipment and, through tbe -~auip~
aent, fur the sstronasuts. The auroral radiation reaponsible for surfsce charging is too
low f{n energy to be 3 direct radiation hazard to thn astronauts or their equipaent. The
Shuttla is not considered to be at risk from src-discharge because it vas desigaed to
vithstand direct lightnlag strikes &nd has extensive redundancy; e.g., five computers.

It hat previously passoed threugh the fringes of the high geomsagnetic latitude areas
during 50 und 57 degiree inclinatfon f14{ghts from the Kennedy Space Center with no
reported problems.

An additionel factor that hes ot been fully evalusted {3 that the Shuttle and the
astronsut o1 EVA, who c=2z be considered an independent spacecraft, makz up a 27stss of
elactricelly isolated epacseraft. They nsve a2 wide disparity 4in eize and are fumersed
in the {onospheric plassa. Our prsvious exparience in both geosynchronous and polar
orbits hsa baen with individual isolated spaceczsft,

Spacecraft cherging i~ the result of the combinatiou of several factors; a strong
source of suergetic electrons and insufficianc neutrelizing plasma, Darknsss ie clso a
countributing fector, periicularly in luvw polsr orbits, since photoelectrons readulting
from solar uityraviolet irradistion counteract charging. Auroral electrons praducing
iatense a1roras can previde an adequatse supply of electrons with the requieits energy.
Kxperimentsl nessuresents in the Shuttle payloxd bay on SI5~3 and STS~4 hewe shown large
plasas dansity reductions in the paylosed dsy in the vwake orientscion compired to the
swbiout plesasa (2, 3., The zost fntense curorasé noramally occur at local aiduight hours
shich isveriably are in darkness.

The threst to sgtTonauts dus to susceptibility of tha existiag EVA equipmant to
aljctromagnevic intarfervence (EM1) {s 41£2icult to assess, "e are concerned bdecause a
vtzong link hes preovicusly tsen made Ddetiesn 3stellite charging snd subsaquent arve
dischazge f4) acsd oprrationsl upsets zad faliuras, avan the loss of a satallite (5), et
geonrnckosoun sititudes. Chazrging can also causc dsteriorerion of apscecreft saterials
and cat enhsace contamination due to the daposition of undesiradle matorials on critfcal
surfacre (&).
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Equipmant prubleus that miglht be direct hacsrdc to the sstronsuts zre not ths anly

reason for investigating the suscaptiblility of the EVA equipment to charging a<i are~

' discharge. Equipment failures to sab-systews such as the cummunicatfons 1iak would not

4 B N be a danger to the astronsut but might cause cenceilation of planned ops¥ations. An

example 1is the recovery of the Teal Ruby specacrsft that has been znmounced as being

under considerstion. Rewcheduling of such an cperetion wozlé not only cont miilione of

dotlars but could result in yoars of delay due =Zp the prasest Shutile szpedule pressuze.
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The measurements by the Alr Force Geophysics Laborstory (AFGL) Space Particlea
Environment Branch of the charging of the Air Forceé Dsfenss Metaorological Satsilite
Prigram (MMSP) spacecraft and the environmental conditions which csntribute to £t will be
reviewad., Spscecraft chargieg coaputer cods v*asalts will be compsred with rhe charging
levels measured~ These codes wiil then be used to predict the potentiale to whica the
Shuttle and the EVA astrosaut will charge if sevare charging couditions are encountered.
. Xev laboratory results wil) be presented that szhow the fabric msterials in spsce suvits
vill chargs and produce arc discharges when subjected t~ alscerons with the .ame energies

{ . as messured in auroraz. Tests sré plaoned to Snvestilate charging of BVA sguipmeat 1in a

e ———

simulation chamber eand the susceptibility of EVA equipment to atc~discharges.
POLAR-AURORAL SATELLITE CRARGINC

Charging of polir-orbiting Air Force DMSP setellites hee recercly Hodn documented
(1). Few szamples of spscecraft i the fonosphers charging devrnd a fav volte hava
previously appexrad in the litersture partly becsuse of Tuv iimi?atinus of izstruxgents
used to detect particles and plasmas. This impasac has beeos overzome with the launch ot
the DNSP sstellites desigoated 76 and ¥7, Zach satellite carcsirs the A¥CL $32/4 elactros
and fon analyzer {nstrussnt, which measures preciyitsiiae =2ivcirous aArl fons, snd 85Ik
therasl plasas detector instrument. A generous geosatric Iiciar Yor the fon detector
allovws the applicution of a techanique regularly used to $dentify the degrez of cherging
for satellites at geostationmary ordit. A large couat rats %hodid Ta sxoz in an ecargy
channel centerand near the spacecraft potential bsceuse of th2 s:xceistracion of cold
ionospheric fons by the spacecraft chargad to s cegative potestfel.

3 . A preliminary 3earch of early DMS?/F6 satellite meazurements shrws that such charg~
- iag events frequently appear st the time that iutensa inverted-V amzsr.l electron
structures ars messured, as shown ia Figure ! (7). The upper portica shows the majsurs=—
ments from two ckannels of the particle spectrometer shoviag the greiter than 5 ReV aund
greater then 10 keV aurorel electrons. The catellite wzs tzaveling from the centsr of

: the polar cap to lover latitudes and psssed over a stong surorsl &ieplsy. Below is

k N shown the value to which the frame of the spacecraft charged, rescting & mexiaua of =462

V 1in the second peak. It can be seen that the spacecraft charging clodely follows ({he

peaks of energetic aurorai electron fluxes. <Th2 fact that the spzcwcraft wss charged «t

this time was verified using the SSIE thermsl plaszs prode on the sase vabicle. The

9 : SSIE dcta emphasized the important contribution of decreised plasss density £n order fer

4 the DMSP to charge to values of hundreds of volts. Modelinz studissy usfng the FOLAR

code indicate that dielectric surfaces on the wake ride of the vehicle could ckarge to
nany times this value., These results clesrly asstablish the existence of polar-auvrozal
spacecrsft charging.

COMPUTER COUX MODELING OF POLAR~AURORAL CHAXGCIKS

Compari{son of measursd and calculated charging

B e S TP

Spacecraft charging computer code sodals devzlopsd by the &ir Force and EASA bave
been used to amalyse the charging conditicns vhich the DMSP? accountersd {8). The
derivation of the mathods used Bhave dean descridad alsevneze and vill only be zuzmarized
kere (%). The charging codes predict thst the DM3PF would chargr to -542 V, {a closa
sgreenant to the -462 V measurad. The (slculation used the saxdisnt ploens paraustsars
and the auroral charging currente msssvred on DMSP at the tize the chargirg occurred.

Charging of an Individual Spacecraft

The charging codes shovw that chargling iacrecses se apacacrsaft ('ze incresess, The
Shuttle can be sxpscted to charge sven nore chsc DHSP, A pravinus study (8) coxpered
spheres covered uith taflon, a typlcal spucesveft sarface msaterial, A Shuttle-sized
4 object will charge to ~3545 V and an astronsut~-sized object 20 ~122 V for as zadilant fon
density of 125 1oas/cubic cm ond & weaker surers thax thet waled chsrxgad DHEP to =462 V.
Secondary asud backscattered electrons resuiting frox incideat energetiz electzons are one
of the fuadamsntal factors controllisg spacecysft charging. A changs 1o the Juriacs
mstarial, with resultaant change in secandsary and backscattered electros yields, will
change tke poteatial to which a spacecraft will chacga. Nore recesmt resalls (%) used the
sctusl charscteristice asavured for ths Shuttls thersal tile.aatsricis (103.

Charging Calculation Parsmsters

The valuss of the energetic autoral sod plesms valuae weasurad by MSP/F7 st
49,843s UT on 26 Wov 83 will be used for ths chargiog calculatisas in the rast of this
section. The anbient iom plasma dansity wves 125 lfena/cublc cm and ths emergetic aurcral
slectrous were wodelad by & Maxwailian distzibntion with 10.1 Xe¥ charxacteristic sascgy
k and characteristic deasity of 3.9 electrons/evbia cu (1), FQLAR chergisg cede calcula~

tion results show that the Shutrle wouvid charge to -3247 Volgi wsifsg Tlace paramelers.
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Charginy of Multiple Spacecraft

Tne charging codes were usea to cslculate the charging of the multiple spacecraft
systes consijtring of the Shuttle and the sstronaut conducting pearby EVA in the vake of
the Shuttle (9). Figures 2 and 3 shov the models of the EVA astronaut and Shuttle urad
{n the POLAR charging code calculations, Figure & shows the coambined, multiple grid
mnodel. The contrast in size is clear. Figure 5 shows the space potantials for the
combined system. It can be seen thar the potential contours shov little effect of the
presence of the EVA s2stronaut at distances equal to several times his size.
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Fizare 3. Shuttle model uced in charging Figare 4. Combined avltiple grid
cods celculasiens. nodel of Shuttle and 2VA sstroneut.

Difdaraiice Cngrging of Shuttle znd EVA Astronaar

Yha tarm “difference cherging® will be ucnd 2n dfscussiog the Jifference ia poian-
tial between nesrdy spasscraft. This is to svoid coafusion with difforentisl charging
which rreditionally has beea used to dascrxils the situation where diffsrent surface
sleaents tu the same spacecraft =rs at diffazest potactials. -

The caloulatioe of tha Jiiference charging of the Sptttle and XVk astronaut Scok
sdvantage of their large disparity of size, 7Tor thic casc it was shown that the distance
Zrcn The smalier spacecraft at which ths space potential 1s domiusted by the lsrger
pococralt is related to tte square voet of the Hroduct of their sfses. This distance is
a2prozinstely 3 metexrs for the RVA astronaut sad the Shuttle (zge Figure 3},

The Space potestial &t & locaciéa close to the Shuttle, compared to the locstion of
the sheath edge whzre the anbient Cherzal fons are first affected by the Shuttle, will
b« syrrcoxinstely equal to the Shuttle poteatial of ~329C V. The ambicct ioac involved
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Figure 5. FPotential contours or Shuttle Figure 6. Time history of charging of
and EVA astronaus frona POLAR code astrouaut nodel surface elemeuts from
calculation. KASCAP ccde calculation.

with the %iiszneing of the energe.ic auroral electron current to the Shutrle will have
acquired an energy due to this when they first feel the effects due fro the presence of
the second spacicraft, the EVA sastronaat, vwho is also attracting lons to balsnce the
enargetic suroral electron current.

The smaller spacecralt can be cuneidered to be immersed in an energetic lon bdeam,
rather than moving with orhital velocizy in an sabient thermal ion plasma. The ion
collection s{tustion for the EVA sstrorsut is aimilar to a prode in a monoenergetic ion
beam, where the beam eunergy 1s due to the potential of the larger spacecraft. The scale
of Figure 5 does not clearly chow that the Orthofabdbric (outer surface consisting primar-
{1y of Teflon) which covevs most of the Extravehicular Mobility Unit (EMU) is clavged to
approzimrtely ~4140 V, auclh greater thanm the =172 V which the astronaut cherged to under
similar conditions when rot nez’ any other object. The differsnce in potentisl betwecn
the Shuttle and ihe sstronaut i{s 850 V.

Differentisl Chargiag of the EVA Astronsut

The NASCAP charging computer code was used to calculate the charging of the detailed
model of the EVA as.ronaut shown in Figure 2. The time lhistory of the charging of
the surface elements fdentiiled {s shoyn in Figure 6. It can be seen that several of
the elcments charges up to within 105 of che finsl vaiue within 0.1 seconds. Other
elenents charge more slovly and stf{ll have a0t reached their equilibriux value at 8.3
seconlds, the time at which this calculation zuo terxinsted. The differeatisl charging
betwsen surfsce elements of different materfals develops moze slovly than the absolute
charging. The Kapton and Teflon surface clements of the glove have the largest differ-
pacial charging for the elgxents shown ir this vun. At the end of the rua, the Teflon
potentiul is only 67X of the Kspton potentlal. Jhe differential charging was within 10X
of this in 3 secoade (T-flon xt 77X of Kapton). These locations are significant since
they are adjacent surface eclements of the astronaul's gloved hand which would ba used to
sTesp objects. The datails of the potentizl centours around the RVA astrunaat oare gzhown
from the zide in Figure 7 and from the front in Fijure 8.

EVA ASTRONAUT

EVA ASTRONAUT POTENTIAL CONTOURS

POTENTIAL CONTOURS

$iog VIEW
Figure 7. Side view of poteatisl Figure G. Front viev of poteatial
contours arcund EVA sstronaut from contours avround EVA astronaut from

X&SCAP cada calcslstion. MASCAY code s2leulation.
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Application to Operstionrl Planring

The recent results of the POLAR and NASCAP computer code wmodeling of the Shuttle
and E7A g¢stronaut are applicable to polar-rrbit EVA 1o gevaral ways:

8. Thers is little difference 1an charging of the EVA astronsut between & -am
position or a waka position L{f he is clase to the Shuttle, A distetice of 2 mater2 vis
congidered & conservative -value. Consurvativz means that the statument is unequivogzal
for distances of 2 meters or less and prodably holds far greater distances, dyiug aweay
83 the distance approaches tbe sheath toundary at 1340 metors.

b. Coaputer ruas Lllustrste the short time periods uamaded for devolopment of
absoluts (EMY frame potential relative to spsce potential) sud differential (ons placs
on the EMU relative to & different place) charging. PYor the conditions measured on
DMSP, absoluta charging is within 90X of ultimate within 0.1 meconds. Differcntial
charging ie within 902 of ultimatz within several seconds.

¢. Differential chargiog can Le, consarvatively, as much as 30% of tle grestest
value. Yor this same example, the spacesuit Orthofsdric (leflon) surface .5 at ~4140 V
and the Lexan face mask is at -€150 V., 2 differency of 2010 V.

LASOXATORY TESTIS OF SFACE SUIT MATEZRIAL

TMI fabric materisl provided through AFGL has desn tested at Jet Fropulales Lab
oretery {(JPL) end SRI Iuternationsl. The BMU fabric conoiste of an cuter Jaysr <f
Grthofabric, five layers of aluminized Mylar for insulaciou and s Neoprens costad Nyion
rip-stop layer.

Space Suit Material Tests at Jet Propulsion Ladoratory

Samples with areas of 10, .00 and 1000 sq. cm. were iwrzdisted with a 15 »¢¥
moaoenergetic alectron beam with cnrrent deasity in the range of 1-5 na/eg. ctn. in the
experimental apparatus Jhown in Figure 9. Severzl arodes of discharge were id~atified
whict can interamingle or occur simultanéously:

8. Clov is asenciated with atitching exposed to the charging source. {..14 started,
the glow occurs continually., It scts, in a way, as & diss’iprtive machanisu, 1he
existence of glow d/schargs Zces not prevent the occurrence of the other diecharye
xodes.

be Blowoff discharge of the Orthelabric outer layer, ss 1llustrated ia figure 104,
13 & discharge to the residusl plasrs, ejuivalent to space conditions st oruf-el siti-
tudes, in the vacuum chamber. The peck current mei.cured is not significantl, “4pupadeat
ou the areas of thiu group of samples. The typilcal risc time snd pulse wided soze 17 ne
and 25 ns. The peak current of 0.2 A messured vith this zppscratus vas velativwis let*
comapared to values for homogeneons dielectric matericls, such s2 Teflom ot Xy s, wvha.e
peak currents have bdees zs large az 5C A,

ce Direct discharge of the aluminized Mylar (seczad} layer, under ‘de Or*hwofedreic
outer layer, to tke grounded ameiallfc sample halder, a¢ f{llustrated fu Figure 103. The
Woven structure of the fabric wliows clectrons tr penetrate through the first laysr to
the second. In another taast, a meter connected directly to the conducting saluminized
layer showad a steady state curreat of 40X of the incident bdesm current. The arc-
discharge current is proportionrl to the cample araa to the 0.84-0.7 power. A pesk pulse
current of 0.5 A for the 100 5q. cx, sample and 2.2 A for the 1000 s4. ca. sample wvas
Qeasured in the conductor which grovads the metallic sample holder. The rize time for »
typlcal direct discharge wvas 2-4 ne and the pulse width wvas 5-10 ns, uoticezdly leas
than for the blowoff discharge. Pulses Yith fuster rise tiues ars more likely to csuse
uniesirable effects on eleactronic circuits.

TYPES OF DISCHARGES
EXPERIMENTAL SETUP FOR SPACESUIT MATGdAL

INCT SISOMRSE t

. NI,
e o, [Easw]
ey T

po" _M
WU e e S TOROM LAYIRS
_h#lnl... 3 [ -
Ll AMd A = X Rk
2

FEEN Y il ik St d i Ak

B L

3 mrity
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spscarult mwotarisl tests at JPL, are~dischacgast 4. Divect. B. Rlowsfl,

- - - - - e = s e, mlsra e e =

P

el




———— s

|
;
|
|

f
: ¢
-

. —

Pk L LS

0
A —————-——

[T —.

R

34-6

& direct discharge fSrox the alusinized Nylar layer v&s sasily distisgaished from a
blovol¥ discharge by rhe diffterescs in 2he palarity of the current pulse and the differ-
ence ‘fr tha waveforas. Prelsiutnazy a.alysis of raclo frejnency (RF) radisatinn measure~
nents indicate that zhe powdr rvadisisd {rcreeses with gampls size.

Tests ware nsde at room remperaturs and vith ifiquid nitroger cooling- Vhe glow
sppesrs hrighter at 100 degrees Xelvio, comparzeu o laborstory ambizat tamperscure.
Chasscteristice of the bhlowoff &nd a..cctl dischbarges aud the frequencv of occuvr2nce of
dischsrge dfd not shovw & temperature dopendence.

The resul' 5 f thesy tests Cemonatrate the tmportance of s full~-up chasbter tent.
Problemn sbo.st & grovnd return for the teurt aample measurements ¥ill be svoided bty using
the complete EVA ejuipment sssembly. 7the futerr: latiorship of falrics, grounds, and
slectronic assennlies will have high fidelity. Ice results can ba axpeczed to be more
represcntative of the expected in~orbit irc-discharges thet wil! bde encounterad under
polar-surorel cus:zing conditions.

Space Suit Meteriedl Tes:s at SRI International

The arrangemest rhovn {n Figure 1l was used tc investigate the behavior of a
spacecraft suit elament under extreme charging conditfons typical of the Shutils weke in
polsr orbit. A section of ZMU JSlceve rouvghly S-inches long was plscsd ovas an Lnsulsilap
rod between a psir of sheet sluminvm uprigkts (11). This simulaten & sult olenent
placeé¢ in a charglag envirouzment with no effort made vo electrically bond 1% to scjacent
coapoaents or to provide interasal efectrical ponding of the layers nsking up the slaeve
clement Whan the zlectron beam vus turned om, sharp tvinkles of light indicatling
electrical ¢“scharges (asalogous o the glow obdserved ot JPL) wers visually cbserved on
various parts of the sleeve eleoment, particularly slong the stitchilng linen. Are-
discharpes wara also sbsezvedc A tyiticel RF electromignetic signzl radistad by the
dischsrges s shova {n Figure 12. The reak wleciric field was 2.5 k¥W/m, »iuesured
approxizately 15 cm from vhe cuater of the glsss bell jar used for the experiment,

Figure 13 shows discharges on the alaese.
SFICE SUT ORGAG-ARC DISCAARGE. TEST SPACE ST CHARCING -

~ART DISCHARGIG TEST
LLECTRON GUN-0 kev, Dnim? | ARL L
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Figure il. Experimental apparatus ¥igure 12. Radizted RF from EMU slecve
avc~diocharge.

for EMU slexve teats at SRI.

Figure 13. Avc-~dinchargez oan KU siceve alenent.

A syllndrical test sample, made fror the sane material vad =t the asge tim? ac ths
sandles <ysted at JPL was slao tested, Discharge curreats of up to 240 A have bnea mes-
turgede YOOtS were also msde with & wotallic cyliader fasarted {u the febric sample to
sixulate tue ierfoca condustivity of & parspiring sstronaur. Figure 14 shows the rad-
fated 4F ani tigure 1% shews tbe discharge curvent weveforms for & succssiica of are-
dicchaigase The varfability of successive arc~discharge profilesr. vwith ao chengs in
opercting conditions, vae¢ sstable, The fact that suciessive dischurges under otherwise
tdanticsl conditions =8 yury by factore of ten or more 1t rize time, duration, and
enplitude coaplicatez the problenm of tescing for their effeocts,
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Figure 14, Radisted R? waveforms from PTigure 15. Diccharge crrrent wvaveforus
avc~discharges on EKU fabric eylinder from arc-discharges on EZMU fabric cylinder
with internal aetal liner. with internsl netel liner.

NASA cnd the EMU manufactureT report that exaaination of EMU compotents after use
shows that the aluminized mylar layers break up into islands which have imperfact
electrical connections. The fact that the aluminized f{aterior layesrs are not electri-
c3lly bonded togetber and to the EHU metallic sactions may ilocrease the effecte of ave-
discharge. Electromejnetic fields with the magnitude and rise tiues observed are very
effective in producing EMI, Apertures xnd other imperfections in the shielding of
spacecrsft systozs cabu result fn indunnd Interference pulses in electranic circuits.

ELECTROSTATIC DISCHAR § TESTIRG

Electrostatic Discharge Testing

The mechanisa by vhich sacc~discharge irterferez with the operaticns of electreaics
is vot we'l understood. Alterpatives i{nslude:

4e Radfated FPF electvomagnetic Interference. The external RF can result {n qon~
tinucus wave signals within the cquipment that con damage components cor cause logis
circuits te chasge state.

t. Injection of curremst pulses to external locations on the equippent. The current
pulse causes surface curreaks from the point of injection tc the “"ground” or reiurn
toy the pulse. The pulxed aurfuce currents csuse pulser to dba Lfoduced fn conduclors
vithin the iquipment wnich, agsin, can damage comporents or chnonge logic circuit xstates.

As & result, there are fev widely used methods for testfog the susceptibilitcy of
spacecreft systens and subsystems to the effects of charging #nd arc~discharge. One
established method is "o use the Electroststic Discharge test method in sectien
6.5.2.4.1 of Atlstary S:audard (MIL-S5TD) 1541, Rlectromsgneric Coapatibility Require
meats for Space Svatems (12). The standard calls for an arc-discharge at a distacce of
30 em as & xest for radfsted interference and a discharge directly to the tast ssmple a2
a test for curreat pulse susceptibility. An arc source schemstic diagram, Figure 16, i
Jiggeatad o tho MIL-STD, although egquivaient cirsuitry can be used.

Opinions eon the volidigy of the test vary widely, In practice, the test is often
not perforaed or flight spagecraft Secsuse uf apprabhansion zha. the teel will csuse
latent damage thy* will latey lesd to spacecraft fallure. Yoot prograns rhat huve
recently developee oSpsce systeme do oot have full -¢p prutotypee aveilebise for teszfag.
The NASA/JIPL Voyayor program was &n axcoption (13). Perforasoce of the NIL-SID 1541
currant ixjection test coused sudbsyatexzs fuiluren, The spacecraft vas then revzapined
aid & number of chansged made vwhich elisinataed the tes: falluren. The spacecsafs zaffered
sone opevationsl upreia during Lts planetzary vandutvsus but no subayeien faljlures
occurrad. JPL belioves that the elsstrostatic dimcharge testing cnokributed signffli-
cantly to mizaion succese.
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Figire 16. HIL~STD 154! electrostatic Figure 17. Schatfner NSG-431 Electrostatic
discharge test circait scheatic. Discharge Siamulator schematic.

BElectrontatic Discharge Test Equipment

Inmplementation of the MIL-STD 1541 schematic o different waye by different organi-
zations can result in effectively 4ifferent tests. Furthermore, there is uncertainty in
how dissipation of the stored ecnergy is distriduted becween radiated RF and the curraat
pulse. These fectors detract from confifdence &r test results. Nevertheless, the MIL-
STD 1541 teost rayresents & test that hax endured the scrutiny of the aerospace testing
community.

An alternative test apparatus vhich complied with the MIL-STD 1541 allowance for
equivalent type of circuity has beesn used znr electrostatic discharge tests by one major
au:rospare contractor. The Schaftuer Model N$G-431 Eiectrostatic Discharge Siaulator
(14) was developed to simulate discharges frsm static electricity accumulsted by manu-
facturiug aud servicing persomnei. The sciusatic {s showp {n Figure 17. The standard
configuration of the simuletor outpur circuft hes a 150 2icoFarsd capscitor and 1590 Ohe
resistor to simulate humen body characterietics. The variability of aischarge pulses
measured by SRI with no change in experimental parametsrs blurs the importance of
selecting a dffferent revistor-canacitor combination for bench-testing the existing EVA
equipment. Other commercislly aveilsable equipment can be axpected to be equivalent to
the Schaffner apparatus.

“fatloring” of the MIL-STD 1541 Electrostatic Discharge tzst for the EVA equipment
wvas proposed. The charging of the equipaent will be modeled with charging codse to
evaluate the poteutiai to which It charges, the stored energy acd likely discharge
points. The MIL-SID 154) tesr wiil ‘hen be modified to tse the potentiasl and stored
energy determined by the chaiging codec and the currect pulues injected at the likely
discharge points. The usuSulness of the tailored test still scirongly depends cn the
fidelity with ubich the test simvistes the discharge conditions in the zprca eavironneant.
Vallidation of the relationship between the ladboratory tests and sre~dischavges in
space in necessary.

SIKMULATION CHAMBER AHD SPACE STUDIES OF CHARGING EFFECTS

It is importart to carry out & prograw of teating and study which vill fovestigate
th~ impunity of tho ecuipnent to orbital charging effects se well x4 the understanding
of the interaction of the spacecratt produced environment with thi esuroral enerauvtic
particle pracipitation. A proposed two part program will ensure the absence oi uvnagpelt-
ed anomsiies during polar orl {tal operations of aanred systeas {15).

SUMMARY

The ¢vidence indicstes that ao astronsut carrying out EVA in the Stuttle wake 4in
polar orbit could have his EVA equipment charge up to elgnificsnt voltazes if an intense
surors is ancountered. Arc discharges are expacted to occur, siafler to thote that have
caused system upsete aad failurea in geodyochromous orbits. The possibdbility of hazard
to the astronauts must be evaluated quickly, since polar otbit Shuttle lsunchkes wiil
soou begin ai Vandenbearg AFB ip Californigc. The EVA equipment susceptibilicy to arc
discharge gererated EMI must be resolved tince EVA asy becqmo necasgeary on sny Shuttle
flightv, at least on a contingency basfs. Furthezmore, charuing wnd aic discharye sust
be considerad a potential hazard in the davelupmest of futtre generszeicn "VA aquipmsnt.
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DISCUSSION

D.K.Davies,UK
The radiation induced chargee on the EVA astronaut suit seem quite low and smaller
than might te expected from contact charging, say, on the palms.
Is (or has it never been) contact charging a problem?

Authcr's Reply
I have no specific knowledge of contact charging. Recent successful NASA EVA servicing
operations indicate theré are no problems in low inclination orbits that do not en-
counter auroras.

E.Whipple,US
Did the charging caiculations of the astronaut suit take into account e strong
anisotropies in the energetic eluctron spectra caused by the shadowing effectr of the
Shuttle vehicle? Thzre will also L2 anisotropies in the electron flux in the upwards
versus the downward direction of atmospheric absorption. These anisotropies ahould
lead to large differential charging between oppusite sides of the astronaut suit.

Author's Reply
The calculations reported did not take into account anisotropy in the electron flux.
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