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AB TRACT 

An enginecring mod I thrust 'r fitted with a I' motel actuated gnlphite fib r 

pol 'imid compo it b am hi ld wa tested in a :1- b) 6,5-met I' vacuum faci1it~· 

for in- itu asse ment of beam s hi Id effect on thruster performancc, A celer

ator drain current neutl'alize r noaUn r poteJl tiul and ion beam llo:1ting potential 

d lightly when U) C s hi ld was 1110\ d into po iLion, A target e""poscd to 

the low d n ity I' 'ion of th i n b am was u ed to map th boundaries o f cner

getic fringe ion capable of sputter ing. The .pal'tide emu:" was e aluatecl b~' mea-

ul'e me nt f film d posit on old. hea t d. bare. and enclosed glas lid 

INTH D en N 

lIigh pc:'cific impulse me r uI'y ion thru tel's hu\'c long been can idered 1'01' 

appli ation to va riou pu cc I'aft. A I' 'C nt stud) (I' fs . 1 and :..) of ion thl'll ... te r 

application to a lOOO-kg geosynchronou . comnlUnicati n satellite howe" net pay-

load ~ :lVin~ of up t kg with a thru t s ub y lem l'eliabilit~' of 0.9-1 . F I' 

5 .1 m (1.1 mlb) till'll ·t I ve l ion thrustcrs, other appli ati ns, ' uch a :l high

pcdor ma n e propul ion module fo r o rbit m3.neu\'e l'S and drag makeup of ub-

ynchronous o rbiting ~ pac l'aft. have al 0 been identifi d (rd. 1), Thc tudy 

included e:"perimcntal valuation f thruster e mux and interface requi r c mcnt s 

and di lIssed t chniqu to allow th integT:ltion of ion thl'u tel' with paeccraft. 

A joint Air Forcc-NA A fli ght ""p rim ent i sciwdulcd for I!) 1 (Ioer. :l), In 

thi Ilight. two complete thrll t s ubsystems . and seve ral diagnostic in txul11ent.s . 

will be mount d on n s pac craft carrying t\\'o other major e:"periment with trin~

nt contalll i nation rc qu i r 1nel\ts , 

To s upport thi ' flight :"periment and pt'ovid a technolog~t base for p;round / 

pace data 01 ... lation, an on-~o itF cries f tes t are bcin~ coneiu ted at the 

1:11' l' :IIt'gUI'.\, :.W 
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NA A L wi Research Center WiOl a beam-shielded engin ering mode l (E 1\1 

-cm thruster powe red b laboratory supplies, Thi ~ r port presents pI' lim n 

a r resul ts of these tests, 

T sts have been pe rformed to determine an e ffec ts of the b am s hl ld on 

thl'U ter performance and to valuate th chal'nct ri tics a nd poten tial impact 

of thruster e ffiux upon spacecraft stems, Th data present d h r e in in lude 

current and pot ntial meaSUl'f'm nts in the ion beam, the putt l' em ion pat

tcrn duc to cnerg tic beam ions, a nd de po ition e ffect.s of till'u t r rflux, De

t ' rmination of thl'Uster e mu." in g l'ound te t is inevitably aff c t. db," te ' l 

facilit ' ffe t , The results, howeve r, are in lined to b e> \\' l' t cas rcsult 

\\' d a su h hould add r ed nc and confidence to night xpel'imcnlUl 

data , 

APPAHAT o PRO ED HE 

- m Engin ring i\lod I Thru ' tel' (E1\ I'I') 

A photograph I' the - cm E 11', includ ing' the g imba l mount and beam :-; hll' ld, 

is ho\\'n in figll1'C I , Deta il of th thru te l' syst m :1re oeser!b d in r fcr-

en .J and 5 , De ign [catu re of ~ pe iHc in t re t to the pt'c;;e nt inn'SI ig~ll ion 

inc 1lld the Small H Ie Aecel rat l' Grh; ( HAG) io n opt ic s (' mp 11 ale(!) , :lI1d 

thl~ ~raphite fib r-polyi m id mpo ite beam hi Id , For thi pl' gram. 1hc b<.'a ll1 

hi ,lei W:1 III u11ted on a l' 111 0te ly a tuat d hinge to permit 11lO\'CI11Clli in :tlld llul 

f posilion while th th1'u tel' \\'a running, Th ntire beam hie ld assllllbly 

wa - e l etl'ica ll v i ola t d fr III the thru tel' t.o a ll \\' fl oated o r biased pcral iOll . 

T,"pieal pe rformance c hara tc ri tic of th(' - III E 11' a nd th i1' " Il1'int ioll , 

nmonp; Ihl'e production III c1ule a r c dOCu,;1Cnt d and re po rt "d ill I' fen'ne e ,' G amI (j 

l' ' ,t Insta llation :lnd Facility 

A vicw of Ihe' - cm E IT lllolllltC'd on tht' e nd cap of the : ~ - by 6. f) -llH ~('r 

vac uulll fncilit ' i s how n in figUl·e:.... Th' thru lC' I' axi ' was 9 C lll bl' ILl\\' Ihe 

facil it , Cl' lll e din C' and the :ICC Il' l'alor g rid projected 5S . (j cm int th cy lindl'i c :1 1 

portion I' the te t c ham bC'I', The thru t I' was thus :l1i~'H'd com'c tl il'IlI I," n'lat i ' l' 

Iu l' xistinlj a ess p 1'1. Ihrough which probC's and l'fflllx clepos iti on sal1lp1c:-; \ll' I't' 

inscrtlcl :Iml retract d. 

The ,3 UUl11 faC'i1it) wa' equipped with ~ ix \- 'Ill dial1lctcr llil diffu :-;\o 1l pump ... 

:til l associa l d lll cc hanica l pUl1lps. A li qUid lIitl'OgCIl coolL'd e1',\'ow:1I1 l'xt< 'lIdl'd l)lt ' l' 

th ' full ICIIg'lh of th ' , aCUUrll faeilit.y and a S il1lil:1rl~' coo1e t! targl'i \\ a:-; Im':l tl'd 

,.1 mete r s downstr 'am of the :1ece1er:lIor grid planC', Tank pres , li n : \I' llh tht ' 

lit ru 1'1' op(' ra ti np; at I'a ted C llditiOllti \\ as bet w 'l'll 1. ;; :Uld :... . fj 10 ' t r 1' , 
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B am DlugnostiC's and instrumentation 

A seh mati e IRyout of the vnriou thruster efflux di agno ti c equipm nt and in-

strum ntation is s hown in fiJ.!"l11' 3. nl y ~('I 't' t d in tnillh::lIlalion W3 liS d in any 

given t s t in order t avoid mutual contamination , intc rf 1'cn(', l' s h do\\ in~. 

The 0.6-1 em d;:lln t r mol~ bd num planar probe was loc nt d 3 ... (' m downstl'cam 

of th ac..:plerator gl'id plan ' and trave rsed in :l ho ri zontal line pc rp ndi c ul:1I' to th e 

thruster axis. 

o position plates numo )' d 1, 2 , nntl3 W O I' 2- by _- by O.I5-el11 thi ck quartz 

glass s lides n los d in 2,5·1- by .. , G 1- b 1. 9- CI11 d ' p stainl ss ste 1 boxes with 

nO.6-1- b, 1. :..7-cm ape l' turc 1 'at d 1. 6 e m fr"Ol the slide. Th 13(' s::t mpl s w'r 

mount d on III vabl e rods which permitt d the ins rtion 31 d r tr nc ti n of , m pl ~ 

\i n vac uum i~olaLion valves during tests . 

The :ll'rnylS of enclosed and luwn ' \ s d gla ' slide w r e mounted in a h"riz nUll 

plane a l :l radius fr.:O em on e ithe r sid of th thrust l' axis, The right b311k W:lS 

h at d by a swaged coa.'\:ial hea ling clem ~ nt attach d along a l'U \'\ cd aluminum 

br:wk t. Th p:1::tss lides \\'('L' he ld in clos c ntact with th e heated bl'ncke t and 

were at approximately its te mp 'ruturc. Th 1 ft bank was unh eated, Doth banks 

carri ed iel nti cal sc ts o f d pos iti n samplclS I entcd acl' rtling to the 1" (' lcm 3t ic 

s h \\'n in figure:1 , Th ll 'l sed slide ' and th ir con 10slIrcs w ' \'{, s imilar tu those 

dl'sl' ribed ab \ ' 1.'. ThcSL' ,'liue ' :Ire idenlifi lb ' th si ngle di~it nLimb rs in th ' 

E (for e31St and \V (for \\' t) b~Ulk " 

The lin 1 'Ios ' d gln::;1S slides \\ e r(' ~,5-1- y 7,G- b~' O.l-l'm thi ('k :lnd lo('nle I 

at Ih c fO\'\\'a1'd ends f the m lUlling bracketlS an I betw n th end lit' , Th (' 

slid s :l\' '' identified y two digit nllmb rlS in the E and \\" banI,s. 

The splI ll l' r taqrL'l ' \\'('l'l' uSl'd 3t the :lxi:u lo('a tion ' indi cated in figu\'{'~ , All 

t:lI'gct ' \\' l' 1. 3-1 metc l' wide by 1, m el l' long by 0, O~5 mm 1 mil) thit'k m~' I:ll' 

with 150 .. \ :llllminum c a Un g- on onc :; idc, The ta rge t for cal'il tl,· t h ud :1 ('l' llt r nl 

h I ' iz to f I'm th bas f :1 :!9° 'one' \\'ith th up x I cu ted :It th Hct'clc>r:lt I.' 

grid L'cnter, Th -. la r get Ulll ' 1->3ssed thl' high dl'n~it y l' r c of thl' ion be:1m and 

in tc r l'cptecl only I he I \\' r d ns i l~' [l'ing ion , To \' I.'{' I-> the :lck (non alulll in ized) 

' i(1L' of th . targe t fr 111 e IIl' c ting bocksplIttC'l'cd tank wnll matl'rial :l ' cl.'olld 

shN't f mvl:lI' with a l'enl r al hole 5 l'm la rgc r in diametcr wn ' :ltlal'lH'd bill kepi 

is luted fro m th e :1ll1mini zl'd l' aLing f th e targct front. This allowcd th e n1<':1 lIl'l'

IlIl' nt of ion L'lIrrcnl co ll el' c d by Ul e front facl' onl ,\'. 

Thrust r Power Sl\l->plies ~md l.nstrulll cntnti n 

The - em £1\1 thrustcr was pO\\'c l'cd b,Y :l liO hl. b bo ruto r y console o f th e type 

dcs 'ribed ill rcf('rcnc . 7. The ('a th de vapori z l'r n ow W:IIS 3utomnti c: III ,\' l'unlroll C'd 

l :t ' ( l- poinl \'oHap: clilJc1'e ll(,' bef\H'CJl the (, :Ithoc.\lo keq Jc r and ion 'h:1lllbl'1' anode, 



Neutral!z r flow rate was manually controlled b, maintaining a constant vaporiz r 

t mp "l'ulur. The mercury flow rat to 'ach vaporiz r was m asul'~d with a 

0.5 mm bore 'apillary tube flow metcr. All thruster variables w l' hcld at the 

nominal EM thrutlt r valu s sp ifi d in r foren c 5. 

The laboratory on sole pan 1 m tel's w rc the primal') monitors fOI' aeh 

thruster variabl, in addition nn cight-chatUlCl strip 'hart r 'ord r was us ct f l' 

'ontinuous re 'ording of s Ie t d pUI'am tel's. 11l'! beam shield pot ntial was 

m asuJ' d by a digital voltmet:>r having an input impedance of 10 m guhms and 

isolat d from the 11~ V ae Un b an isolation tr'ansformer. Beam shi ~ld t 111-

P raturcs at the tip atld base W'I ' monitored with iron- constantan thermocollpl s 

~Uld an isolated two-ehaIUl 1 strip chart recorder. 

nUlOd pI' heating, startup, :md opl.:'l·ating pl'OC dures wer in ae Orclalll' 

with thos currently stabli hed :md us d fOI' '111 -cm EM thrusters. Sp inl 

operational or t st pro clUl' s used in liugnostic valuations ar d scribed in 

conjlUl 'lion with th Hults and DisclIs i n. 

nESl LTS AN 0 DlSCl SSlUN 

Effects f Deam Shie ld 

Th be311l shield W :1:) found to ha\(~ only minuI' impact on thrustcr operation. 

As noted in Appal'atus and Proc dure, the III 0 \ abl b :1111 shield provided in itu 

v3luation of its cff c ts. A transient rccording of sLx thruster variables on a 

movement of 1 mm/s c tim s ale is sh wn in fig-u I' -L The appropriate scale 
" 

factors 1'01' each ch::tnnel variabl :mo th pint of shi lei movement a1' indicated. 

Figure ·I(u) shows the traIlsil'nt 1'1'0111 'hield-Ill t shl I ~out positions, \\ithln 

1 s 'one! f shi lei 111 \lem nt , till' aCL'cl('ruwI' drain currcnt d crC3 'cd 0.015 mA 

:lJld the neutrali zc r n ating potential became lc ' s negative about 1.5 \ ' , All ther 

variabl s remain d constant. The p l'tut'bations in the cathoe! ane! 11 utt'ali zc t' 

k 'cpcr \oltag s were r~U\dolll, shift , in Ow ho llow c:lthoe!e CUlT nt-voltage character

istics. 

A transl nt rccording f thrLlstCt' vuriubl s durinp; shlelcl-out t 'hidcl- In 

mo l'mont is shown in fip;u\'(' I(b) . A ' expecl('(\ the ~1('('d('r3t r drain l'urrcnl :Ind 

neutrali ze r floating pot 'nUal returned to tiH'ir ol' igtnal values . Thl' clap ' d tlllll' 

b ,tw' 'n th ' two SLXILlL'l\l'l'S \\':1 ' !) lll illut(·S_ 

Thc beam shit'ld W :1S lllcl'h:lnil'ally SUPPOI 'tl 'ci but ('\e('\ de:lll ,\' i o\:tlt'l frolll 

th thrll 't r g-ruund 'l'r 'en . Thl' dfl'l'lS uf \ arying the 'hield polenli:ll rl'l:1ti"l' 

to fal'ilit ,\' g'l'ollntl :It'l' shuwn in fig'un' fl , In figl11'1' ::;\:1) the n't P silive hln ('UITl' llt 

toll' -I 'd by th e shield \\':1 ' I.cr :I t Ul(' flo :l ling' potenli3l uf -li . !) \' 1'l'l:ltin' I 

g' l'o llnd. Ilihril ' I' nC'gatin' iJi:ls vu!t:lj.!l's inl' t't' :l: ed thl' l'ulll'l'Il'd ('UIT!'nt onl ,\' slig'hll ," 
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to n s aturati n value of about 0.5 mAo 

In 'rcosing th bios voltage positi oly abov ' floating pot nU al co llected in

c r easingl. larp;c c lcdl'on CUl're nt at th' shl Id . Th e \ o ltagc current un e ha d 

th shop cxp 'cled 1"roll\ Lanl!muit' prob th ry . 

As ho\\'n in fi gurc 5\b), in c i :1 ' in g Iwga tl\ e ui as had littl r e ffe e! upon th e 

n ut rali zc r pot nUn!. j os itive bias how \ r. d rov th n utr:ll iz I' noating

potential clos I' to g l'ow1d. It s hould b 1"('c all d fl'om th e tl'ansi nl r eco rdings of 

figllt' .t that th ' pres n l" f th b am tli ~ ld in I' :1sed th n lItl'ali zel' floatin g 

potenti a l 1. 5 \ n 'gativ 1) from g rolUld. A positiv shi Id bias thus tend d to 

r esto r(' the neutl'ali zc l' fl o ating po tential to a no- shie ld s tate . 

An x omin :1 tion oJ s hi Id ffe t upon th i n xhnu ,t be am was lll;1de b) 

obtaining bea m I rofil t!S wilh th e pl :m :lI' PI'UUL' uia s d 15 V 1H'!l:lti vc wit.h re ~ p 'ct 

to ground. The pl'o fil es lak n no rmal to th c lhl'ust I' axi s in r ap id SUCl" S ' io n with 

s hi e ld- out and shi ' I L~in ar s hown in fi gur li . T h b am l' e nte r was Lak n to be 

lhe po int at wh ic h a d e arly d fin e d peak was obta ined w ilh th e s h l lct in, The 

probe ' it! n incli 'ato r rc a ding l'l" sponding to thi s pe ak in l' urrc nl wa~ lh r C'-

aflc r li S d as th b am L' nt e r p s ition . Wilh th e 'hicld-in, th e be am profil e 

was lightl broad n d and th p:1k 'UI ... nt at th c nt l' was r due tI. Th' 

n 'utl'a li z 1' , and h n L'C th ' bea m s hie ld W :lS loc al d to th e I ft. [ vente r in fi g

lire 6. No ob,io us :Fs~mctr~! was introdu cd by th e p1' s nl'e o f th e hiC'l d . It 

s ho uld bL' po int d o ut. thal th b am was highl) p ak d a nd atte nu a ted to 1 ss th :m 

5 p(, 1' 'C!ll f p ak valu at 15 L'I1l r ad illl:l wh ic h CO lT sponcls to :til anglc of abo ut 

:... 1. 50 . Inas mu h as n range 'h :tnging wa us cd in th e l' lIlT nt mea~u r c m n t . 

r s olutio n wa ' p I' at radii b ., ond :...0 cm whi 'h co rrcs po nds to an :\ll /-.d l' o f ~ " . 5 

A ray drawn at thi s an ~l L' fr m th n c t'i e ril tor g rid L'cnte r did n I int<.'rcept 

th e beam shie ld ti p . thu s r egis te ring no m asurabl c diffe l' L'ncL' in bea m p I' fill' 

~ ' m met I'.'" 
T h Hontin g po tenti a l p l'ofil c :ll' I' ss th e cxh a u~t beam W:IS ubtainL'd b.\' iso

bUn g th e plana r PI' b with a diffe r ' nti nl input amplifi c r ha \' in ~ an in put in'lJl' li :l1l c l' 

f 100 m g hms . J o te nt! a l PI' fil s \\' r e t:lkc n with hicld in and olll ro r t\\'o 

n utrali zc l' conditions. Tilt ' I r o fil e s hown in fi glH'e 7 was o bt a ill(' c1 wh c n th l' 

ne ulrnli zer w as in 11 nOl' lllal pra ting m dc . Th peak pot.enti a l was about and 

-1.5 \ abo \, ' g l'OIUld with th shi e ld iJl an d o ut , I' sp 'l i\·c! · . With IhL' :jhidcl in . 

th e to t al pot('nti nl diffe r fl CC betwecn Ihl' ne utrali z e r and th e h (,: 11Il l' ClltL' 1 W:1'; 111-

l'l'Ca 'cd b.\' virlue f th ri s in be :lI11 nO~llin ~ poll' lItial and t-h e dl'(' I'l';j ' l in n(' II I!':l l izL' r 

fl oa l Ln g' I t.e llti a l. 

Th(' p ru fil e obt a ined during I I' :1111 ne llt r ali z a tion l'::tus ('(\ b., ' r educi ng 

II L' utr:tli ze r k(" pc r l' UITcnl to Orf-flo rm al valul's is s hown ill fi g\1t'L' S. The 1JL': t1, 

':llll C f b a lll fl O:ltillg po tpllti:ll Was thr('c lim e ' hi ~h L' r th :1II 11 0 1'11\:11. ;\Ild th e 

diffe r nL" be tw(' n ' hid~ill :md ' hic1 (~ o llt II I{'nlbl s \\'a ' Illul'h g l·l'n lL' r. Th l' 
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effects of beam shield on beam potential welc J';een to be accentuated when neu

tralization was poor. In both instances , the presence 0f the shield appears to 

have broadened the potential profile , an effect alsu noticed with til ion beam 

urrent density profile. 
The effect of floating or grounding th e beam shield electrically is ::.licwn in 

figure 9. The neutralizer operated in the normal mode. No significant differenc 

was observed in the beam region except that a grounded shield brought the potential 

profile closer to ground potential both at the positive peak and the negati ve wings. 

Distribution Pattern of Fringe Ions 

One of the spacecraft- thruster inte rfaces of concern is the distribution pattern 

of ion along the beam edge capablE' of sputter e rosion. Current density profiles 

have been obtainerl, usually along a beam diamete r . but a full two-dimensional 

patte rn is of consid rable inte r es t. no m thod of obtaining a qualitative definition 

of the b am houndary is to sputter-erod a target of uniformly coated aluminum 

film. The relative amounts of rosion in diHerent areas produced over a given 

length of time is indicative -.If current density. The l:iizc of erosion patterns ob
tained on targets at different axial distances pe rmits an estimate of beam diver

gence. Finally , the ultimate si ze uf a pattern after a long tes t could define the 

limiting radial distances at which sputter e rosion occurs. 

To correlate the target patte rn with the ion source a close- up view of the 

a celerator grid is shown in fi gure 10 . Because the beam holes are located on 

the vertices of equilateral triangles , the smallest angle of symmetry is 300
. For 

ease of visulaization the ax s of symm try \\ 1'e chosen to be 600 apart drawn 

from the grid cente r to the middle of seven hoI s in line along the side of a hexa

gon. The boundary of holes idealized with straight line segments is neverthel s 

compl ex. consisting of seven se m nts . Thi ld alized boundary will be lI sed 

to examine the e rosion patte rn sputter d on targets at t\\0 locations. 

The e rosion pattern obtained at a targ€l dist~U1ce of 50 cm aft r 11 hours of 

thruster ope ration is shown in fi gure 11 (ba k-lighted photograph) . . Th entral 

hole was 26 em in diamete r which passed approximat I 50 rnA of beam current 

intpg r att:!d trom th b am profile assuming axial s mm try . The eoll ted target 

current measured when th aluminized surra e was lU1iform was 23 rnA. This 

value agr es closely with th diff rene b l\\ en th e total beam clirr nt of 72 mA 

and the integrated urrent passin r through th central hoI . 

Th dark r rim arowld the c ntral hoi wns th a I' a xpos d by th back 

ove r sheet. h nl:t ..,\.:!:>j(' C't to b[lckspulter deposition from th fa c ilit wall . Th 

li ghte r mid- region wa completely clear on both s id s of the m) lar h et , the 

front alumini z d coating ha\ ing b 'cn compl tel.v sputt rcd aW::t) and th e back 



side protected from bad.sputtered material. The variegated islands around the 

periphery were areas at various states of sputter erosion. Where beam density 

was high, the islands ,, 'ere almost clear. Other regions appeared as small iso

lated spots. 
Th degl'ee of erosion along a radial line did not de rease motonically. It 

appears that some of the ollter beamlets were sufficiently divergent to leave an 

unspllttered border between the mid- region and the islands. This interpretation 

is supported by the photograph in figure 10 which shows some 0 the outer beam 

holes notcheLi on the outside edge, possibly by divergent ion, More recent exam

ination of the ac elerator grid has shown erosion on these outside edges indicating 

p rsistent divergmg of these beamlets. These divergent ions may also account 

ff) ,' th tJ I,road wings in the otherwise peaked beam profile shown in figure 6. 

' i'!~e ide .... Hzed beam hole boundary consisting seven line segments is drawn 

to an arbit! ~t'.v scale in figu:'e 11.. To approximate the beam expansion boundar, 

it was a, oumed ti.~t each of thL' bOlUldary holes is a point source of ions dlV rging 

at some conical half- angle, " The most radially outward ra from a given beam 

hole will be located in a racial plan passing through the b am hole, The radius at 

which the ray interrupts a target located at distance , L. from th gl'id plane is 

L tan {3 + r where r is the radial 10 'cition of the beam hole on the grid . B cause 

L tan {3 i ~ a constant for all edge beam holes, the expanded b am bOlUldary on the 
target can be drawn point by point from the idealiz d bl: ;ln1 hole boundar a constant 

radial distance along the radial line passing through each point. The expand d 

beam boundary for {3 = 300 is shown in figure 11. The sputter erosion patt )'11 

shows some corr spondence to the xpanded beam boundar and indicates a (3 angle 

b tween 300 and 350
, Less precise but simpler circular bolUldaries corr sponding 

tc ::!ssumed half angles of 300 and 350 from the th ruste r :1.,<is are also shown in fig

ur 11. These angles wh n compnr d to the calculat d angles shown in fi gul' 6 

indicate that sputt ring ions rna have exist d beyond the resolution limit of th 

measur db am profile. 
Th erosion pattern obtained at a target distanc of 97, cm after 7 hours 

of operati('n is shown in figure 12, Details around the central hoI and th clear 

mid- region wer similar to the 5U m target of figure 11. B calise of the dis

tanc and th e long duration the sputtered i lands had coalesced . Som da rk 

border r 'giono b t\ c n the 'ompletel, putt r d mid-I'c : ion and lh c ali t ' I ' I'iill 

r mained as unspl:tt r d alllminil. d coating, The two large isolated spot in 

the low r left ol't1er of the targ tare b li vod to b m rCL\l'y corrosion of th 

aluminum 'oating after exposur to atmospher . 
The rosion patt rn \\ a wid r than the targ t mat rial. Expand db am 

boundari s 'orr sponding to {3 an,1 s of 30° and :150 lIa" 'b n oUIK' rpo '(' I 

on the patl I'll , Al 'o hown ::Irc th simplifi d circular boundari , Ln bolh the 



50 anti !)7, 8 ('1\\ tal'~('t ' Ihl' bound:t 1'," of l'I'O ' ion :IIJIJl'UI" to lll' 10l'at{'t! al nldii 

l'lll'l'('~pollding' to ::U1~ll~ti udw('('n 35 WId ,100 fl'olll lhl' th I'U~ll'I' a,,,1 " 

A horizontal l ' l'\) 's-sc'clion ' eh 'Illali' thl' u~1I tile lhl'lItitl'I' :uHlllc utl'ali zcl' 

:LXl'~ i ' ' ho\\'1l ill fig-ul'c 1:1, Till Ul':llll ' llido, spulll'r t:ll'~l' t ' , :Uld!l sl'akd plot 

f lllL' Ul'tllll profile IllL'U ' lIl'l'd in th i ' pl:ull' :1I'l' jlldud{'t1 , Till' ~I' ,( Il oUlld:lrl(" 

o laillcd n the tal'g'cts arc inliil'atcd wilh Ihl' il' I'l' 'Pl.'l'l!\'L' d i:IIlIl'\I'I" t:IUUI:lll'd :11 

their :udal dist~ul('l", (1\ tll lH,'om shield ' idc , it I':l,\' drawn fl'olll 111(' outcl'most 

I.WUIll hoh 10 1I1l' l'I'O ' ion OIUld:lI'iL" :.IJ.>I)l':II'I:.i to Lnk rel'pl the be:1Il1 'hield, It it; 

31 '0 viticnt Ihal Ihis L'n,\ ' to thl' ern ' ion olinda ric ' pa ' , thl'oll~1I I' ~i n ' f till' 

C:tlll profik wlll'l" l'U rl'(,111 mea ' U 1'(,IlWllt did Il t II an' adl'lll:tlt' I'l" lut i n. 

Thl' C:IU ' filiI ' ' l' 1' 1'0 ' ioll Ollnd:ll'\, ~UIOIll : tl Il' ' :ll'l' 11 de:t 1'1,\ ' kllowll. II 

I ' 0 \'iuu ' tllal l'ullsiliL'l'abll' 0 l'1':ltillt!' tilll (' i ' I' 'l(lIll'('tI 10 'PlIttl'l' through Ull' 

allllllilli l l'd l'o:lling whell till' illl' ilk-Ill llll" dl' ll ' ity 1 ' 1011'. Th l, IIp o f till' l (':1111 

' hi 'Irl inte l'I 'l'pled a :!~o :tn~,dc I'U.\' 1'11)111 thl' ) lIkrlllo,..;t ca lll h Il' ill th ' hol'i ZOllt:ll 

plalll' , Til l' Jl)1l ' llll'l' l' 11' :1' :t 1\\"1 dlllh' Il ' l o llaJ 'ulIlTV II'lIl' I'I ' :.1 ' thl' Ul'all1 ' llield 

h,ld:l tUllcall'd l'ylilldl'il' :t1 IlI'On!I' \,, ' illl till' pl' ak hl'ight ollly ill the h ri l OI1I:tl 

pl ~UlL', It i ' ai ' po ' ' iu!l' Illat Sllllll' b ' Iulillg' of tile i 11 ll':tjl'!'tOI'.\' OI '('lIl" aftl'r 
pO ' ' Lllg thl' bL'::t1ll ' lliLiff. 

COlllalllill:JJlt. lJq)o:;iti II 

I hlltog'I'aplt ' o f Iltl' ~ ' I t'OIlI :II11ill :lIlt depos itioll ' :.1mpk ' an' 'ho\\'11 ill figllr\' 1 I. 

T o pre '('n'l' till' rL' l:1th'l ani I' or pl :Il 'I'IIICllt :1:; laid out ill flg'lIl'C :1, thl's lidl':; 

frolll l'at'lt bUlll, art' grlllllll'ci in p:li I" uf 1\\'0 g-Ll -' :111(1 Iwo qll:lrl z ' :Itlll \!l" , Fi g--

111'(' II (a) ' II ) \\' :; gl:t 'S ' Iitll" , \\'11 :lIld \\'1 :.. :dtl' m:11 'd \I 1111 «1I:lrt l ::; 'l ldl'~ \\'1 :1I1t! 

\ :.! 011 til l' Il'It alii, :llld LIIl'ir S ,\'IllIIIL'l rll 'a] \'l.llllltl' rp:ll'ts II thl ' rigill . 

Till' irl'l').!ul:tl' dark 'pot ill I Ill' l ' l 'lIll'I' uf I' al'h g'la 'S ~Iid l' \\' ~I"'; 1111' ('l'IllI' lIt 1I ' l ' tI 

I 1 f :l s t ' 11 U 1ll01l1l1illg' dip. Till' d:ld, bunkrs alLlIl g' Iltl' top 1'1 Iltl' gl:t::.~ ~ ll dc,..; 
Wl' n' l ': 1I1 'cd lIy b:ll'''SPlIllL'l'l'tI I kpII~ illl1ll \) 11 Ilt l , hal 'k ()f 11lL' ' l1dl'. To :Iid III 111 1, 

interprl'latioll of IlIl' dqm silioll p:1IIl'rll , till' 'aI'lOIl :; l'cgill llS Ill :lrl\I'd wltlt 

Illlmbl' n ; Ull ' :llllpk E I ~ , fIll' l'x :1I111 k will UI' l'X:lIlll11l'd. Hl'gi ll ll 1 \\' :IS Ill:! 'I,cd 

III fl'llllt :lIId , ' I\'l ' I'l'd III thl' h:l 'k by Ihl ' SII PpOl '1 hr:I, 'k,'I , Ill'llI 'l ' l'il':lr III :11l.\' lkpos it s, 

Till' rL'l,ltI\'\' amUII1l1 uf ual'k::iplIttl' l'l'd Illalt' ri:d l':Ill I' :)1'1' 11 fnllll rq.:io ll ~ wl1\('11 

\\ ~I ' Illa ~ "ed UII thl' frullt hilI l' XP()~H ' d III till' hal ''' . CUIlI 'I ' I' ti d ,' " I'l'g'illll :1 \\ as Illaskl'd 

) 11 Ihl' :lek :UI(\ l'~Pll 'vd III till' 1'''1111 titu s :;h{l\\'i llg 0 111." th l' 11'(l 1l1 tll' lxls i!. 

Hq.:ill ll I \\'a :-; l' ~llll ' l ' lI frllill :tlld U:II''' , Iltu s l'lllll'ct illg b :Il 'I\SPlllll' I'l'd ,\ :111 

!kg It III :i II :1" l 'UI , ' r l'd (I ll 
th L' had, h,l 11ll' ' liPllllI '1 1':1 'kl' l IlIlI s ~ ltll\\ IlI g (lilli' 1111 ' frllllt ti l ' , (l ' II , :\ P:II 'lll'ltl :11 ' 

fl ': llll\'( ' IIlll Illlllld i ll \lllll ' r s litlv,s 1' :111 Ill' SI " '11 III s lllll' I-:I ~ , I'hl ' II , tl I (I f lhl ~ 
' lidl' \\ :IS 1'\\':11 ' bil l lit e rl' lll :lIl1ill g 11 '11 · ... 11 l 'n lh'I ' II'd dl'Pll ~ lt , (-'filii" I I'll III till' 
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thruster was arriving over the full length of the slide, but a comp tlng proc ss of 

sputtering by energetic iOl1S occurred at a rate sufficient to cause no net deposi

tion. This effect has been discussed in reference 2 and also observed experI

mentally In the investigation of reference 8. A more detailed analysis of lhis slid\;! 

in subsequent paragraphs will quantify light transmittanc as a flUlction of po Hion . 

Other slides can be interpreted similarly. Slides Ell and Wll w re fre of 

deposits on the front because of sputtering. All other W slid s were al 0 d posit

free on the front because of the umbra of the beam shield. The dark border along 

the tOD of those slides at smaller angles from the thruster axis was backsputtered 

w~ lj material. At larger angles, the amount of backsputtcred deposits d creased 

bl;l" wse of the dimlnishing view factor presented to the rear tank wall. All en

clo~ d slid s WI to W6, were free of deposits becaus of the b am shield and 

enr:'osure shi lding from the rear lank wall. 

Varying amounts of front and back fac rte puslts can be seen on U1 uncnclo ed 

sliJ s, Ell to E16. The enclosed sl1dcs show a rang of front face d po ilion 

only be ause they look radiaH into the thruster ae el rator. No visibl d posits 

exisl d on either slide EG or W6 which we l' located in th back hemisphere . As 

noted in Apparatus and Proc dure , the right bank was hated to about 200 and 

the left bank reached equilibrium temp ratures of the order I)f _300 C. From 

visual inspe ·tion th 1'e was no apparent diff ren in deposil characteristic.s 

attributable to the differ nce in slid temp ratur s. 

Deposition sampl '12 wa anal z d for total transmittanc of Ii ht u ing a 

Joy Loebl Automatic lntegrating Mi rodensitometer. This densitom t r \Va~ 

a double-beam null-balanc t p \ itll a m a uring apertur size of 1/ 50 by 1/ 50 

mic rons. Th light source \\as a tungsten lamp with a d t ctor similar in p ctl'al 

r spons to a 1- P2 photomultipli r. Th [' sulls of th d nsHy mcasur m nls 

converted to total transmittanc r lalive to a known cI ar r glon of th ampJro 

is shO\ n in figur 15. Th ir I d numerals indicat th regions of th ' amp) 

with varioLis typ s of XPOSlIl' to lh va L1um faeilil nvironment. The d nsi-

tometer ans w r - mad alon T the broken lin s marked AA and DB . Th l'l-'-

sulling transmittan profiles a1' I ab led A and B, )'c p eli I. a~ a fun ction of 

angl from th thruster axis. B cause it is r lative to I ar glass . tl1 tran-

mitlan valu } is for th d posit its If. A lat r analysis will !:iho\\" th 

transmittanc of th glass itself. 

The I' gion ncar th vertical axi X-X is of sp ial int I' st. As tli ' CU!:iS d 

pI' 'vioLisl , th left nd of this slide \\ as fl' of ueposit b ('au of ttl ' ('I"ubbin 

a ·lion on the front and the mounting bra k ton th ba k. Th t ransmittam' al n r 

A-A \\as ind d 100 P r'cnL hr. Til angular position of a.xis X-x whel't' ll"nns-

mittan d l' ased \ as about 390
. The putt I' taq,~ t of figul' 11 al 0 'h \\" 

that1h boundar of rosion was sli J'htl) ) ss than ·10 . 
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Th front.-mutikcd r cgi n 1 also h 'ld 100 percent transmlttancc . The A-A 

tmd D-13 scans should be equal at tlll~ular posi ti on from about '\ ' \ to ,I l) bCt':tu ' 

f id ntical t:'xposut" {' nditions . namel y front fal' onl,v, Theirtrallsmiltnnc 

ag'J'c{'d to within .\ pel" nt, Th tr :-Ulsmittalle profile o f th cI posit on qU:lI'lz 

sample E2 i ' shown in figllr i.' 1 U, A ' l'xpe ,( I, Il'an 'mUtane wa C " ' Illi all ,\' 

100 pel' 'ent cxc 'pt at the deposit wh er it wa:. 0 p 1'(' nl as s n pl' \'i u l y n 

glass slid E12 . The si z of Ih e deposit W::IS 0 , 5 b~' 1. 3 em, Th apc l'tul'l' f 

thc slide n 'JoSUI' was O. G b,v 1 , 25 m , UIUS i.ndi 'uUng that th e I mj clories f 

t1cPOl:lit cI ofnux W I' sscntinlly pural! 1. 

Th t tal tran miUall profile o f sample ElG is shown in fig'ul' 17 , Locat d 

at 90° fr III th thl'u t I' axis. th ' sli de w a ' 'U j , t to bad, ' pull ' I' d dcpo ' iii n 
on b Ih the fl'unt ~Uld ;lci, slIl'f:H'CS, Til pl ~ulL' of the s lide wa ' e ' ' (' Ilti all~ ' 

paraliel t th thrust I' a.xi ', ut bel':Ius till' back ' putt. I' ' UI'l'C at the I' al' 

tank wall was larg , a finl! \'icw fa ' ta l' exi - led betwL'en it. ~uld the ' !i rk facl.' " 

Th ' \'lew fad I' W:lS I'll rlh I' modified by t h shadOWing' ff Lt,t o f lhe a Ij a('cnt 

slid i:'n d su "c , 

&UH A-A 'howcd th al a ' m all amounl f del s ition OCl'UI'l'N I n Ihe fr III 

ru e in th ba k h mi ph r e, thu ' 1" luring tl'ansmitt~Ull'L' b~' aIm ' I 10 pCI' cnt. 

Anillysis o f ('n ' I sed quartz slide ' E5 ~U1d EG, fl at sh WI1 h I' , 'h W d no 

visibl d posit and 100 pe r cent transmitt:lJl ' which 1 l ds to nflI'm th:lt th 

elL-po ' H on slid' EIG was :lCk5pult ' red wall lIlat c ri al. 

~'an B- B h \\' cd almost th sam t r~Ulsmltt ml(' p I'ofil e a ' A- A, TIll'::t 

s n' d uny chan !! in 1" rt n :1 whidl Wa ' mask ed on the back surface , al 0 'ho\\" 

th at th I X> it \\'(,l'e 0 11 lhe fl' III fal'l ' lll~', 

Th lr :lJl mitt:lll r:'e PI' fil l' f ' am pl e \ l li i ' ::;h \\'n in fig-lire 1 , n th ' (':lI1S 

yi Idcd I r ad i (' ally hlellti c al r l' ' lilt ' , Tltl' Ie ' it \\'('n' ckarl ,\' II til( frollt f :.ll'p 

onl~' an 1 Uclj:H' lit ( nd o ' d l/u:l rt ' I ide ' , w r: ~I(I WG , 'h WL' 11 00 IJ ' IT nl I r an ' 

mittarll'c, 

Th e sped l' :l l tran ' mittaJi l 'C filla I'l l, :ll1d g' l a ' " Ii ' W r c 0 binl' l with :l 

'aI',\' 10 leI J I H 'C' l'IlUlg' ~p 'l' l I' phutOlllctl 1' , \1l ~l I Y";L ' W( I'l' lll ad' \' I' :1 W:I \'l ' il'lIgth 

band o f :13l)U 10 l ~ UUU :\ whh.:h i~ ti ll' r:lI1!!l' of intl' l'e ,t for ' i Jkoll solar (' ell ' , 

Th I r Ullsmitl :1J1 '(,' I I' fil " for s 'v I al ' Ii I ' :In' -h \\,11 in figtll'l: 19, Tit ' 

brokefl linl" are f l' l'1l' :lI1 quart z :u\(1 gla " ' !ide ' , Tlll' lI mill:!1 tl' :111 '1llltt aJ\( 'e 

of till' ' 'lilk ' ~Il'l' 9:... rWl'l'l' lIt bC'l'ulIsc of :Ul app .. x illlat (' I~ ' I I (, ,'j'(,111 loss p .. 

fa l'c till' t I'c n edi II WId I'l' ln,dlo ll . Thl' tl ';Ln ' lllltl :Ull' l' 10 'S of l.!tl'(\\'luILl III 

!!l:lss \\' a ' dl'ad,\' e \' idl'lIt llC..' l uw 10UO .\ , \\'ltL' l'l' :lS till' l o 's ill u:Jl'lz "':IS IWg'li l!ibll' , 

lkl':lllSe of thl' I'd ati \'1.' l'u l1IlJiL'xi t,\' Df ' Il'dl'al all a l~' '' I ' , nl,\' sd u' l ('ci ' il (" 

o f illlL'I'C"t Wl'J'(' C'xalllined ill ' all\l !I." E:! :llId Fl :! I I' thi s pl'l'limil\ :l l'~ ' PI'C " l' llt :lI iu lI, 

A - inul ':11('{\ in fi!!lll'L' 1 r: ~Id 1 U, E I :!- I' 'I! II 5 \\':1 -' , I front fa(' (' del ' I I :11 about 

I , 5° rr m tit , t ll l'u stl.'l' axl ' , Ih'~ i II j r 'Ii dl' E:.! \\'a!' ILh':lll'd al :1 pu l I~o, 
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Bo th I nUl SIII it tanl' (' pl·ofll c.:> W l' I'C I\ {' arl~' I Il'nlil" :ll al Iltl' I 1I J.!l' r \\' :I\·L'\ c ng1 h s . , II 

pl 'O fill'S Wen' l'{·fl· J'('IH'l' d lo 100 I e rv c nl Ir:lIl ' Illill ttlll' l' ' 0 Ihal Ih l' l o ' ~ d Ul' tn 

tllL' ('[fill'': dl' I'O ' It i Ih cl iff I' nt' L!\\' l' l' lI tll e l'Il' ttll ' \i ck :l ll I till · 3m pJe. :\s 

e xpe(' lc d, IIH' 1l'fX> ' lI s Oil oolh s l i<1," 1';lUSl' I :tbo lll Ih l' S:lllll ' :1111 l ll lll f I ;:, ' 

b ('l':1ll ' C f Ihei r ' i lll il:ll ' dlll ' il .\' :llld , 'OlllpO ' ili o ll. Thl' cl cpc ' it ' , ' :lll S, ' t! ilt \' I'l': ls lltg l.,· 

J:l I' !!l' l' In ' ·('S a l ' h o l' ll' r W:l\'l' h'llg llt ' . lJd ow :1 HII :l, 5Ll .\ . ti ll' I s ' d ill' I (h l' 

d l' l il In gb ' s W:I S diffi e llll It :1 ' S,' .. hl' t' :llI ' C o f th e fjltl' ri l\ ~ lIT" l' l o f Ih l' ~ I :ts s 
it l'l r. 

:\11 ~- I ' 1\\ 1' lIgi lll'l' r!lIg ll \lltld llI l' IT lIr." I n Ih l' L1 ' It' r flltl'd w i lh :I lll ll\ abk hl':11ll 

'hil'1 L! W:1 It's l ed ill I'LllIj l\l ll' l io lt \\' ll h , ':lri u ll S L·fllllX d i :I)..'lIllS l iv 1l1l' :I";II I'l' llh Il( " . 

Thl.' hC:ll1l ' hi Itl h :ld l i tll e drl' l ' l m l ltl'lI ' lc l' o P" ,·;ll il 'l l. ~l l l ' lng Ih, ' bl :llll ~l ll l' ld 

inl o po ' illo ll dllril\ ~ Ihru ' \('1' ) ll' l' a l io l\ Illl'l' l' :I '1 (I Ihl' :\( '(' ('\l' r :11 I' "1':l in l' lIlT" 11I 

I II Pl' l'l' l' nt :m cl illl'\'l' :lscd tl ll' Ill' lI l r: t1i A' 1' Il l):lli ll ~:: I ltl'n l i :t1 I , ;) \ . 1ll'!!:llh l'l .r \l i lh 

r e ' l d I r:td lit~· gl' lllt tl . I( ll C:l lll 11 :ltil\ ' l ' t t' l\l ia I ItH' IT:1 l' tI :1 Ill t :l . - \ . :11 

t hl l alll l' L·lItc.· rl illl' w i lh 1l 0 1'1l1 :t1 l1l' lI ll' :ll i IT lIpl' I' :11 iU I\ , 

The lUld a ries o f l·It L' I· ' l'I il' bl' :lltt ill ll " m :IPPl'd ' ." ~ pll t ll'rill g a I r' ll \ :!I l1 rtt inll llt 

fi (m -h w('d pl' r ipit L' I'al irt'l' h'lll :l l' i lit· . :tn d t lt l' P I'l ' L' l\l' l ' f l' l\l' I ' ~l' l iv iUIl ' :11 :111 /.! ll' · 

111' 1 ) :t1I1tO ' I 10° 1'1'0 111 t lt l l it n l:-< Il' I' :Lxl s . 

L' lIl' l\l'! ' l'd gl :I " ' I idt:s \\' (' I'l' lI 'ed t Itt lIil l I' tic! ' it ' of ' Pll tt l n 'd l'fnll ~ 

; r u l1l Ihl' l it I'l l ' Il· \'. FIH' 1l1 T d ' ( iill" W(' \'( ' f rl' l' o f :Il' k ti lllllt' l'ul m :ll e .. i :t1 :lItd :tI" ll 

l'!l' ll J'I ,' s lt l1 \\' l' lI Ihl' l, ,,'l' ' ii\, l' Ill' ~ ' l f th o bl':t lll ~hi ,' l d :I" :li ll ' I s plltt l' '' l'd IlIl' I:11 L'l nll ~. 

r ite :Ih ' l' 1l1'(' of tll'I\( l s it ~ lI\ l' lld l' ' l'd ' li d l' :l l :U\gk s o f ~:i0 :11\(1 g l'l·: lI l· .. . ( " ' , '1\ )\\ 

Ihl' ' id t. ' no t Pl'Oll'l' I f't! h .\' ttt(' b ' :1 11 1 ·lti l·ld . indk :Itl'1 IIlI 111'1 :11 dlllL' ill t ltO" I' 

I'vg i li S. 
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