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Abstcaci 

High purity Mica  fabric8 hLve been pr6paled for  u9e a l  ti material ta cbntrol 
the effect& bf eleeL,rbBtatiC charging of satellites at  dynchrwous altitudes. These 
niateMall have exhibited v w y  quiet behavior when placed in simulated charging 
environments a& opposed to bther dielectrics ueed for  pa88ive thermal control which 
exhibit varying deareell of elegrieal arcing. Secondary emislaion cailduetivity 11 
propqrsed Be a mechanisiil fbr  this superior behavisc. 

DeSngn bf experiments to  memure thib phenamesa and datll taken in GE research 
hc i l i t i es  on silich fabricl &re di8cussed as they relate tb  electrostatic discharge 
(HSD) control on igeosfinchronaus arbit  spacecrciff. Studies inhludb the apparent 
chaue in relsistivity df the material as a function bf the eleetron beatp eMrgy, flux 
intensity, and the effect af varyirQ electric fields lnlpressed acrbss the material 
udder test. 

1. 1NTROI"kON 

While t h e ,  temperature of B satellite can be adjirsted thtioukh the use of active 
and eemiaafvb devices such a@ iouoem dnd heat pipes, the thermcll dekligner relies 
*This %ark paB Qupport6d by the A i r  Par& Materialo Labaratarp under CoritPact 
- 
NO. F338115 -C-75 -5267. 
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lwnvily on pciflstve technique& Here the afilount 6f heat Int6 a Elpacedraft by hci- 
Icnt solair illltininatibh and the a m "  radiated er reradiated at idrtir6d tvave- 
lenphts is ndjueted by selectitig eXternal fna t e r id l  and CMittinga iKith appropriate 
reflectnnccs, absorptances, and emittance& Behause +hie paB$ive temperature 
control suheysterh comprisetd the enthe outer shell of a satellite, it must bear 
l i  r e d l y  the brunt of the  indigon6uS space erivtronment. A t  ged3ynchrbnbus alti- 
tritfes this includes the electrdd plasma Which can probike Static charge buildup 
wit11 the attendant problems of electrical arcihg and-discharging. 

systpim a r e  the white, high emittarice coating@ rigbd not ohlf td reflect a major 
Fwtioii of incidertt solar energy, but alsb to dissipate internally gerieFated heat.. 
Itistor~ically, white paints employing zinc or  titanium agides hav2 been used. How- 
ever. these have been shown tb  degrade rapidly by discoloratiorl u.ider sblar altra- 
violet illumination, The degradation is manifested by a decrease in the amount bf 
incident sclar  energv that i s  reflected, JIrhith results in increased surface and.Sub- 
sequent equilibrium temperature because the edergy which i$ not refleeted i& ab-- .-. - 
sorlw! I:v the coating. 

Solar reflecting coatirigs derived from fabrics produced fkom high purity ililica 
(Si( ) 2 1  yarn such as those available under the J. P. Stevens Company's ABtrbqutrrtP 
tr:tdeninrk have been shdwn to be i?jktreniely stable to  the damaging rddiatibn com- 
yotwnts e€ space. The high radiation stability which iS typical bf high purity SiOp 
is 11eris:ed f r u m  the fabric by merely removhg the shirlg br firiidh placed on +lie 
v.it*n to facilitate weaving by baking in air at  temperatures in the do0 to 100b°C 
wrige. The solar reflectence of the prmcsded fabrie i B  id etcess 6f 0.82 while i ts  
lwi.ii!~pt-terical eniittaric+e is 0.  82 at 0°C. .4 tctal loss i n  rehectance of only 0.03 is  
1,'. w~rietice:i after  lonC term exposure to solat  ultraviolet radiation. 

T o  Obtalil high solar reflecting, high emittance: characteristic&, only dielectfic 
!*?ntpriails can he used. These of course will sdppart statiC charge bilildtip at 
wosynchronous orbit. Electrically corldudtirre materials in Many idetancel exhibit 
tii,:h reflectances to solar enepgy, but withbut ex&xptioti have lhw thermal emittances 
*::!iicli violate the requiremerits for solar reflecting cbatitlg applicatibnl. 

:It the onset of this study it was planned to investigate Inodifkatians of the 
sti-ictly dielectric characteristics of silica fabric by iriteweaeing occasional con- 
ductive yarns, such a s  alumlililm or stainless steel, wittiin the materiel. These 
wuuld provide paths for the drainage of static charge EL& it develops iri gebaynchro- 
neurr orbit missions. Coiiductor spacings were to be close enough to effect reduc- 
tiori of large surface gradierits. 

interweaves, baseline data collected initially for silica fabric itsell sh&ed that 
the  fabrie did not suppoi+ charge buildup under eiectrbn beam bcimbardment at 

The most critical elements i d  a spacecraft paasive temperature control sub- 

Although the  experimental plan called far fatricatibti of rjilica /metal yarn 
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2 eti&Pgies ta dt least 30 lteV with asidcrsted CuCreht dtsnlItteB in excele of 50 nAlcin . 
W e  eeemed tr, be anr,meluus in View of the high reblstlvity of Bilka which 18 in 
excess of 10 ohmlm at ambient cbnditi6ns. “hi$ study, then, was undertaken to 
errplaln the unukual behavior exhibited by BiliCa fabric under b6tttbardment by highly 
eneogetic electr6n beanie designed to slmriMte Canditiails found at $edeynchronbus 
altitudes. 

17 

2. WWW OF THE SECONDARY EMISSIOh PROCESS 

Behaviof of silica fabrics in  a bimulated plasnia charging envirrjnment indi- 
catted that the Gecondary electron emlBBion (SEE) process would be the overriding 
consideration in the absence df photoelectric effect duo to solar illuminatian.- Solar 
illumination. of course, will not play ah important role in neutrsli2ing static charge 
buildup during that t ime E geasynchronou3 $patecraft i B  in umbra which has been 
shown.to be the most probable time for  anamalouS events. 2’ Kndtt has alsb shown 
the importance of SEE in the equilibriutn pfacess fbr non,.luminated Bpacecraft. 

tically shaped curve in Figure 1 which i g  cbmmon tb mblt substarites. Thi8 Curve 
relates the secondary emission patio (6) to  the energy of the bbmbarding prithariea 
(Ep). Fop rribst metals and graphite, 6 does riot exceed 1; hbwever, a Blight dxide 
layet  on L) metal Can produce a nfuch higher value for 6. 

3 

Experiniental data on the secondary emi8Bioh af materigls yield the charaeteris- 

I 

a I I 

The primary feature8 crf interest ifi this chafa&erllitlt are: El ,  the first 
cmxiover.  I?,. the neeonti cro~[sover ,  BMD the primary energy df maximum 8 .  
6,. the maxiniuni sic)cdndary emibsiod retlb, arid the: ciu,sb-hatched are& where 
thc eekondary e:mibsiorl ratiCi 1s greater thaii 1. A elm;>lihed ekplaiiatibri for the 
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shhpe bf thc cuwe w a ~ l d  be that the secandary emtseiai rattb Inetwase& with Lri- 
creabliqJ pkimary enePgy. However, these Bee6ndarleB are generated Bldng the 
path bf the primary electron ae it penetrated into the Cryllrtal lattice of the material 
and the 6eCondarieS must then diffude to the surfBCe whete they can be emitted a9 
a free &econdary elettron. AsSbciatd with this dlffuBian is B diffuii6fi probnbility 
that is. a decrea@idg furletion of path lerigth. At the point E&, in the ehara&teridtic, 
6(Ep) becornea doniihated by the dec reashe  diffusion prbbability atld, hence, padsee 
through a maximum. This, bf course, has been mere rigorou8Ly treated by rhany 

cited,.. His  apprbximati6rl for this. functibn is semi-empirical and considere electron 
shell sttvcture of materials as related to atbmic number, This. approximation has 
been shown t6 cbrrelate well W i t h  experimental data when corrected for back- 
scattered electron$. 

The major ah6rtkoniing of the SternglaBs approximlltibfl i8 that it doee tiat 
cbneider. nofibnormal ineidence primaries. Agait. Dekker, 4 in  interpreting efforts 
by Brtining, has shown that MEp) is a strong function of the primary IneidedCe attgle 
With an approximate 1 /cos 0 dependence. This dependence has the  effect of bbth 
increasing 6R1 and shifting Ea towards the higher energy primaries thus increasing 
the eMBL-hatched area Shown in Figure 1. From this and &onsidepatioh 6f the Sur- 
face geometry in Silica fabric, which hag the fbllbwing ch&Paeteristic nutnbet's for 
normal ineidence pPiMaPieS 

= 2.1  to 8.9 
= 400 to 446 e\' 
= 3b tb  50 eV 

authors. The Sternglass apprb~imation discusled. hy Dekker 4 is most frequently 

'mart 
Emax 

E2 = 2 . 3  keV 
it can be concluded that secondary emisaion cbhductivity Can effectively reduce 
dikerential charging in the eleetron bombardment envirbrimerlt f m n d  st geosyn- 
chronbw brbit. 

Secbndary EmiBslbn C6nductirfity (SEX) id a well known praceee used prlmartly 
in Iniage processing vacuum tubee such da the SEC Vidicbn T V  camera tube. SEC 
targcit9 uded in these tubes are sbinewhat diffeferit than $ilicQ fabric; however, they 
have in cdmmon an inoriganic dielectric matrix mixed with cbntinwua Irolds of f r ee  
sfiace. Generdlly $peaking, Idorganic dielectric8 have eecandary emibeion ratibs 
greater  than 1. Siilcei, to r  example, runs frdni 2 to 5 for normal incidence p i -  
marieg. This ratio Cah ga much hieher fdr doh-ribrmal add @raging tncidbnce. Ae 
will be shown later,  this increase in the piedk Becoddiary emieaidn ratlo (6M) and the 
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cthsft of the eeCond CFoee-over tbwards higher enefgy primark$ for nbn-natmal 
h e i d e w e  primsriee cbntribute3 to the enhancement Of SEC i n  BlliCa fabkic5. T%th 
of thede ghifte h a y  be viewed a s  in increase in that &rea bf the becoddary emisdon 
curve which lies above the 6 = 1 line, Figure 2 illustrate6 the SIX procees as re- 
lated to I Quartz fiber yarn fabric. 

i l l  
PRIMARY I 1  LCIwur.) 

CROS\L(  1 1 V .  1 '1  Irl ART/  i l R ( k '  ) A h " .  v 

Figure 2. The SEC Prbcess as  Related to a QuaHz 
Fiber Yarn Fabric 

Beeauw secondary efet t rbng gederated have energies less  than 16 eir and 
therefare have a longer mean life t h e  a s  cbmptired to primaries giveh the 8 L "  
meari.free path. the SBC proem,  (Figure 2). cbntinuei until free eleetrans exist 
in all the h e r - f i b e r  vbids. This mean free path 19. bf &oursQ. a meehanichl p ~ b -  
perty bf the dielectric matrix and 1s therefore the Bame far bbth becondaries and 
prima&&. 

A typical el l i ta  fabdc CGntBinB 10-1 diameter filaments. Approximately 290 
fiitrrr'lents are contained in a yal'n m a n d  and 16 strands or mare areused tapfoduce 
a weaving farh. There are' nominally 60 weaving yards per lideal inch bf fabric 
80 each cbnteinll ahnost a qisPteC of 3 million filaments. From this ,  it is evidknt 
that :here ili an evtremely large surface tb vblume ratid aClsociated with silica 
fabric whi& i b  an eZlllentia1 criteria for SEC effect. SeCbhdary electron e'midslod 
bein& primarily a eurtace effect le the' coritributirrg faetar reeponsible for this sur- 
face tu a volufnt! rat!o dependence. 

t rh  m a t r k  and in the: presence 6f an electric field d l 1  nilgrritb through the mcitrix 
SeCondaries may then be t hoqh t  af ab  a c h i d  6f free ctirifees within the dielec- 
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tn the directloh of that field much lh the Game manner aa charge cdrrlers move 
thrsu&h d cotlductor. If the fleld is &tiused by a differeritial chargO redding on the 
dielektric, conauctivitp will  c!brUiliue until the differential charge 4s nelrtraItli.ed and 
the E fleld dissipatea. 

The SEC effect Bhould rlot be confuaed With electton bombardment ihduced con- 
ductivity (ERIC), a Bomewhat related phenomena exhibited in dielectflc solido, 
ginte the EEIC effect is not a surfaCe proceils aB is SEC. F h h  pracedses require 
elet t ron bombardment and an external electrlc field to  cause the generated sec- 
dndariell td drift producing 8 cdnduction current through the material. In the EBIC 
process the internal secbndarleb drift i n  the cbndtlctidn hand of the solid, While in 
the SEC process secondaries a r e  "emitted" and mbve under the influence of the 
field through the Jaeuuni space in the pdres of a low density dielettric. 5 

4. CHARGE DENSITY AMPLIFlCAtlON 

Several que$tionS ma, *rise from the discussion 80 far. What is the pbpulation 
density 6f the free electrons in the fabric? And since the fslbriC behaves like a 
Condudtor in a charge bombardment enirirbnment, will it attenuate the propagation 
of electromagnetic Padiation? These question8 are related since electromcrgrletie 
matte propagatibn is affected by the preasence of a plasma medium. Subsequerltly it 
will  be Lhowh that the free electron density in the fabric iig lo@ enbUgH tb have 
negligible effect bri wave propagatioh at communicatibria frequeticied. T h i s  will  be 
a notiArigoro,us analysie of the free electron populrihilcbncentfatiorl within the labric. - 

The three toirtrulling fartbrs of this phenomena 
are ,  a s  discusged in previouS sections: the 
fitted *&8n fPee path independent of velbtity; 
the ldw Velocity of sefxondary electron$; afid 
the hi&h decondary emissir? ratib of the fused 
silita Cftlhaniled by non-nbrmal incidence bf 

the primary beam. 
Corrlider d finite volunit! in  space df cubic 

dimenslong (d) Bubject to  an electton A d .  
The average charge density (U) inaide 

Jqr 
this vblufne will 148 propbrtianal to the time (t) that en electmi i$ within it$ 
b8Uridarie8. Since 

d t = --, 
' e  

and slnde 

0 = t ,  
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the charge density is itiver8dlY prop6Wtonal t6 the eleetrdn uelaclty. If an electron 
were to slow down from V tc, Vs, there wnroitld be ii reYi&Pnt InweaEie Irr chaP$e 
debsfty (bo) whleh wduld be P propartierial to  the velocity ratio 

V 
& = $ .  

8 

The veldcity of an electrorl is propoHibna1 to the square root 
by %OhVentibn the velocity bf an electron is usually referred t6 by 
fbre 

of ita energy and 
its energy, there- 

The dhtirge density can ale0 be increa8ed.by increasing the electron fIuk which 
essentially occurs with the eecondafy eniissian prbcesl  concurrently With a trelc,city 
reductibn SIO in effect if there is secondary emissibn Within this finite volume, the 
tharge density increase id  approximated by 

Where (6) 19 the 9econdaPy emission ratio. 

e leckons are withiri the 10 eV order of magnitude arid 2x1 apprbxirfWe decbndhry 
einhsibn tatib of 10 Within the ailiea fabric, 

Cahsidering a pr imae  elehtron ener$y df 16 keV, the fact that aee6hdary 

*- 

It appeam that the free charge density within the fabric will be approximPtely 386 
times the eharge density in the primary Blectfbn enviroriment. 

charge concentratibns many orders of magnitude greater thPn that estimated tot  
the f&br ic. Fbr the purpoae of electfomagnetic radiatlbn ehieldlng, therefore, the 
ikbric d l l  nbt behave a9 a conductor and fu r the r  calcul&tion uliing theories developed 
tor wave propagation i n  plasma would shbw the charge cbncentration lcv&tl here tt, 
be of little! consequence in atteriuating electfamagnttic radfatibn. 

Trkditlonal metal condbctora which could be mbdeled ea lblid pla$nl& have free 

5. SECONDARY EMIWON ~OlriUUCTtVITY Ik SILICA FABRIC 

Tests were performed - 3  measute SEC for several silica fabrics. Hesults oi 
these tests explain the superior behlvtor of this materiel when s.lhjecCed to a plasmel 
environment. 

; 
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Slllcir ftibi.irC.8 were subjected to bomb&rherrt by arl clectrnn beam with a knaw n 
electric field impwed acrole the craw-section bf the Pabrick This waa Occonipti8hed 
by mountin& FI fabric Etample orl a ebniillctive backfilate. The samptc WBR held in 
place by 8 W t W  areen  (-90 percerlt tre~iBmiselbn) iil tnttmate ceiltaet vltth the 
fabric. A poteHti&l wa8 placed between the Bcreon and the backfllate ahd the CUP- 

rerlt flaw morlitofed Hhiie vai.$ing the potential aCr&ae the fabric. fleetetanee st' the 
hbritr wBB calculated from the V I 1  characteristie8 a b  a function of beam enercy and 
deheity. E'igute 3 shbws this test  donfigufatiali schematfcally. 

I 

Voltage (VI) was varied ahd the current (I1) was measured. Thew were used 
io calculate the reaista,~ee@ of the silka fabrics which a r e  showh in Figure 4 for 
J. P. StevenB Style 581 and Figure 5 far Style 516 Astroquartt Fabrics. 
i n  thest fi$ure@ both fabric# exhibit a conetant re$iet&nce out tb  56 to  7 5  V acrbs$ the 
fabric with the Style $81 having the lower resktance of the tW6. The resistance, 
however, ia much lbwer than the dc reeh3tance bf the fktI3i-k dQe fa the presence of 
the bomharding beam. This teeis tante  then d w W s e s  a9 the voltage across  the 
fabric 10 Lncfeaeed until it reaChe8 attother plateau Bbove 126 to 186 V. a h i s  
platellu results tram depletion of the free charge carr iere  within the cloth a s  the 
bambkl'ding beam can no longer ei:etain the requirement for charge car r ie rs  in the 
fabrte. Thi$ saturation result$ Crbm the fact that the experiment is forcing a potential 
acroeb the cloth; whereas4 in an actual space enuimnmerlt, the paterltial will die- 
appehr a8 the chal'gr-s are depleted. Thie id further evidenced by the lower resis- 
tance characte&t!ce which develop 88 the current density of the beam i R  increarled. 

it@ ehel'gy wes reduced belaw 3 ketr, i t  appear8 that lower energy bombardment 
would further enhance the condilctivity of the fabrlc. This is substanttated by the 
Fact that abovc the 6 = t 1Le. the area under the: eeco.?dary emission cwve  In- 
crcarlee de integrratian l e  edended tcrwarda the lowef energy primary i.iectrone. 

'Styld 5b1 18 an 12-mil thick fabric which weighs 8 oelyd 

* 
A s  shewn 

Thbugti it wBL8 more difficult to  meabure and cati*rbl the bombarding bean: When 

2 - 
~ h i l i ?  Style 570 id  

27 mils thick With a weight of if4 oalyd2. 
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125 !50 !75 lb 0 
POTWIAL ACROSS FABRIC (VOLTS) 

Figure 4. Resistivity of Style 5R1 Aaiioquarfz 
IJnJer Electron Bombardment 

I 

Figure 5. Resistivity OF Style. 570 A s " p a . r t ~  
Under Electron FhmbardmeRt 
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As the beam etlergy 1s tnereased abbve 5 KsV, the reel6tance of the fbbrie 
tend& to i f iePi?~o be~au~ib  the ineiderit ellJctr&nli &3neret0 ~&cond&rt@o deeper Within 
the rhatel'ial wheve they are unavailable to act aB charge Ct3rriebs dofir tha firat 
swface hiire ocreen stde). In this case the test tends to be peeeiuntsttc becauee at 
geusynehtonoue altitud ., there aPe tilWayB 3 tb 5 ketr electr6ne prebent to gQhefatc 
eeoundariee near the surface. 

Iri reviewiilg the results of thie crtpetiment it would appear that in an actual 
environment, where this i B  a continuous distributibn of electroil enerdtee, the 
fabric can be expected to suppbrt no mare than a 2bb t' gradient. In Paat Cram 
conversiltiorig with Walter Viehman of NASA Goddard, me8eurerhente were con- 
ducted iri his 1Ab6t=?itory whkh indicated that a 166 V gradierit would probably be 
the magimum encduntered. This is in cbntrabt tCI the kilbvblt order  Btirtic pbten- 
ttz!s meaIured at dE arld NASA -L&C in bther experiments usin$ man6energetif 
electron beams with energies greeter  than 9 keu. 

6 

6. ELECTROSTATK UlsCHAR6E INI)U6EU RADIO 
FREQUENCY INTERFERENCE 

In considering the  pfoccbs by which deposited fhtirge is redistributed within 
silica fabric, the paptibility of micrb-discharge MI colifiidered. Theee could con- 
ceivably produce electrb-~agv?tit! radiation cauljing ra-iid freouericg iriterference 
(RFFI) to eledtrbnic aibsystems. In an effart tb  study these efrecte arl etpepiment 
was canducted to measure radidtiixi in proxitnity tis materials in an eledtron bom- 
bardment environmdnt. 

Material samples Were placed in an evacuated Bell-jar mounted on a grourid&' 
metal plate. A Brad-Thompson Induetries electron gun was employed as the elec- 
tron beam source. A thin film of gold (200 A )was deposited on the inside surface 
of the Bell-jar. This film is used t o  prevent a charge buildup on the inside glass 
surface and paglsible R F I  frbm spuriouS discharges. This conductivk film was so 
thin that it produced little attenuation of the electrostatic discharge (ESD) propti- 
gated field (3  dB loss at 100 kH2 and 0.0 dB loss at 1 hIH2). A l l  teste Were per- 
formed in a shielded room which effectively prevented e ~ e t n a l l y  produced fieldfi 
frbm interferihg with the measurements end af the &SD ptapagated fields. The set-  
up is shtrln schematfcelly in Figure 6. 

current density cf 5 d / c m  which is greater than that normally experienced during 
glamagnetic substarms. The beatn voltage was varied fl'om 5 to 25 kV. Field 
strength data werB measured at 30 cm f-om the interference &ou&e and ie expressed 
in uriits of dB relative to an arbitrary level, Caltbrated, tuned antennas were used 
to measure the ESD produced fields. The spectral density at UHF, X-  and S-band 

Samples were bombarded by a high energy mohoenergetic electron beam dt a 
2 
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€1 EClRON BEAM 
S0UftC.f. 9 KV TO 25 KV - 

Figure 8. Expedmental Test Set-up fbr E'SD Induced BFI SpectPum 
Meaeureknente 

Were bf primary cantern. The antennas were sufficiently directive to reduce the 
influence of the prbpagated fields produced by the electron bun source itaelf. This 
can be eltphined as follow&. The potential difference between the electrari gun and 
the BampleB changes simult&neausly with the electrostatic discharge and the change 
i n  thig pdteritial difference prbducee a prbpagathg field. A directive. antenna 
effecti9ely reduceg this  Bource bf spuriow fields. The results 6f the ESb indtlced 
RPI  tield meaguremetltl a r e  shewn in Figure 1.  

The materials evaluated itl tM$ eltpdrifnent were: 
A cbnvehtibri&l multilayer insulation blanket considting of I5 layers of 
112 mil aluminized Mylar with an outer (top1 lgyer of 2 mil thick single 
sided alumidzed Kapton placed with the uncoated side fLclng nut. AI1 
metallic film surfaces were  cbnnected tb a eommon ground paint with a 
ground strap. 
A multilayer insulation blanket identical to that debcribed in  ( 1) above 
but with an outer layer of J. P. Stevens, Style 503 Astrbquartz fabric 
(8 mils thick - weighing 3 .5  b2/J1d2)  which had been baked-at 80b°C 
fbf' two hours t o  remove siding. 
A tl-in. aluminum disc with 2 X 2 cm glabs covefed silicon lo la r  
cells bonded to the dirjc with Gccobond 57C cohductive adhesive. Thia 
8dar ar ray  composite Wag grounded Via a s t rap  attached to  the back 
ot the aluminutn plate. 
Optical Solar aeflector (OS#) tiles bonded to 8 6-ih. diameter 
aluminum piate with Eccobond 57C conductive adhesive, A probnd strap 
~ $ 9  connected to the  back face of the alumtnum disc or this OSfi composite. 
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Figure 7. Electric Field Strength Spectral Distributibil fbr Sbme Spacecraft 
Materials Under 15 kV - 9 nA/cms Electron Bambardfm?ht 

RedultB obtained frbm thfe skiice of ESD induced RFI tests,  indicate that the 
multilayer idsulation blanket Wth the Kaptan outer catrering. OSR platea, and solar 
cell array6 pr&duce aubetantial RFI field strengths in  the frequency range lU0 to 
10, 000 hlH2. Abtroquartz 503 and 581 (especially) prbduced elghificantly little or 
no RFI field strength6 ifi the 100 to 16,000 MH2 frequency range. It shbuld also be 
noted that about lob0 MH2 where most spacecfak communication is done, the RFI 
generated by the silica fabric eampks  were within expeeiment noise. 
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Silica PElbric exhibits rathet uniqua bdhaviei QP d dielectl'ic Rpacecraft tk@rmal 
cofitrsl coating. It has bQ@n Fihewn that it will not suetdin B diflerolitial charge in 
QxcGea sf 100 V wh116 111 a stmulotad claetran plasm8 chabfllnq %nVIronmOflt. Tkls 
is eanttary to the behavior OP atkct didcatrice t68CQd under elmilor sandittone. 
SeeendoPy emi00ien esnductivity ha8 BGbh eetablisksd a0 tkb proasee r%eponsible 
for this desirable ckar8ctefistis. I'esentially, the primary BQBm l e  tPanemltted 
tkfaugh the material after reductng Its velostty to undcr 100 eV, ,there it can be 
IIarm~essly cortdUct8d end u d o r m l y  distributed to  the spacecraft structure. 
Through active means such a8 electron Rune or plasma ehginee the structure poten- 
tial can be controlled with respect t o  the plasma if mission requirements dictate. 

As the bombardment intensity increases the resistivity of the material coI'r88 - 
pondingly decreases to  maintain a fixed differential potential, thus the material actd 
as a passive control device in  a changing environment empleying a process much 
like dc conductivity. Other dielectfics redistribute charge by electPica1 arcing and 
hence can produce significant R$ f which can disrupt a variety of spacecraft sub- 
5pstems. Though the fabric behaves like a conductbi' during bombardment, the 
charge car r ie r  dehsity in the material is sufficiently low so th8t it does not inter- 
fere \Kith prbpagatiofi of electromagnetic radidion. This means the material can 
b(! ubed even bver ahtonnas and k e d  horns. 

So far, tes'ittg of t h i s  material has been done with monoenergetic electron 
beams. Id the acttidl efivirahmerit, the charged, bombafdihg particlea will bn dis-  

tributed over a brbad range of energies from a k w  eV to poaeibly 50 keV: however, 
the major pbrtion of the populatioh will be below 10 keV. With the low energy com- 
pbhent always pfesent secondary emission will be greater and the fabric behavior 
can be bxpected to be much improved L.S compared t3 the results reported here. 
Mbnbenergetic bombardment is the most conservative test that can be d w e  on mater 
ials which depend on t igh secondary emission for desirable behavior unless the 
bombardiirg energy is h-ld within their mcst efficient emission range. 

contra1 application on gC?osgnchronous satellites. ':he properties discussel' here 
show what cail be expected of the material, and with utilization design, i ts benefit@ 
can be haximized for each spacecraft appiica?ion. 

High purlty silica fabrics should be considered 8s a prime cartdidate for thermal 
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