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Silllilill to (IEII WXXt for 5,000 Imurss  wilh tllC Cxcq)[ioll  ttlil(
Ilv.’ carll-idf,c  hcmr wfis  rcplaccd with ii swap,cd  hca[cr.  AI)
cIIclosrd  kccpcr  Collfigutfili(m  was employed in lhc 15-CIII
ioa SOUICC bccauw it hds ilscl[” easily (o a rugged s[ruc(ural
dcsify). “1’hc kccpcr  clcmock  w a s  fahicalcd  flolll g,r@ilc
(() miaimim f’ahicati(m  Cos(s aa(l  i m p r o v e  rl’SiSlilllCC to
spullcriflg,,

‘Me accckv:i(m syskm moualiag, ring is Immtcd 10 tlw
d(nvIIslIcanl  f a c e  of (k mgacf Iclaiaiag  Iiltg al (k
dowvIs[rMm  ml of lIIC dischar’p,c  cllambcl. ‘1’llis w a s  doac
(0 miaimim (he. ou[sidc dimcasiolls  of (IIC ioa soutcc. Will)
(Ilis coaflp,uralioa.  h orrlsick  diamclcr  o f  tlIc ioa soum
~~,[oulld SCICM is oaly 200” mm, while (IIC diameter of the
ac(ivc g,rid area is 150 mm. ‘1’his pl)ysicxilly  co]upacl  dcsigll
h a s  [i sig,r)iflcanl cf’fcc( oa IIIC ovclirll sim of tlIc scgIINII(cd
ioi) mlf,iac coalig,uratim) dmvibcd ia tlIc ncxI scc(ioa. A
sctlclllatic  o f  []IC (tiscllarp,c C]lwlltm  Collflf,UliilloI]”  is  givcll
l:ig,. 1.

II)i[ial k?stiag o f  (IIC i(m SOUICC w a s  pwfmacd  usillp,
hig,l) pIcssulc  pIopCllaal is(da(ms. Viscxjcts  were USN] (()
all(q)  IIIC pIopClliU)t  pressure r. fowns(rcam 0[ tlIc is(dalo]s 10
Ihc Icvcl lcqailcd  b y  llw main d i scharge ClliillllX~  illld
hollow cfilhodc. ‘1’hcsc compoacais w e r e  pachgcd al (II C

lCiil 01 lIIC iol] S(mlc C lcsul(illg ia al) OvClall S(KIICC ICllglll  of
260 m m  (froal  grouad SUICCII K) mar g,rmmd SCICCII).
l’Iopclkr  I)l flow Iak coaool was nchicwcd though Ihc usc of
]nicloalc(m  v a l v e s  posi(ioacd ou[sictc  01” tlIc vanrula
Cllallllwr  . ‘] ‘]lis [Cs[ COl)flgUra[i(Kl  p r ’ [ w e d  CilJ~ilt~lL’ ()[’

staadil~g-off’  [IN app]icd high v~l(ii~cs,  bu[ rcsul(cd ia :i very
sl{nv  tcIIIpoIal  Icspmsc  (0 chaIIgcs ill lIIC ]nict{)ll)c.lcl  v a l v e
.sclliap,s  ia order 10 ch:illge llIc flow ralc. ‘1’l)is slow It! SpOl)SC
i s  a Icsull o f  tlm volulm o f  pmpcllrral  gas Mw’cca  Illc
n]iclomclcl  valves  :ind (IIC vismjcts. Siacc (1IC p r e s s u r e  o f
IIIC gas ia (Ilis volume is 2. to 4 orders of” m:igai(uclc l)i~,lwt
(kin in x low pressure feed syskm,  (IIC qu:ia(i[y 0[” ‘hrppcd”
pr(ycll:il)l is subsha[ial.

Subscqum  tcs(iag  was  pcrf’ormcd with a low pfcssarc
f’cwd syslcm  10 improve (k rcspoasc  lilac.  III this cxrsc high
voltaf,c  isol:iliolt w a s  pmvidc  lhIouglI  Ihc u s c  of M()-mm
](mf, picccs  0[” clastomcI tubiap,. ‘1’fMcc picccs 01 (km) 10118
twrol)  ni(iidc cyliadms  wilh 0.33 -JIim  di:ia]c(cI lIOIC.S dr i l led
(I(MIII  IIIC CCII(CI  WCI c a d d e d  to cacli lCIIF,III of [uhil)g,  to
pICVCIIl  c.kctI ical tmxikd(nw)s,

‘J’IIC  Ilc,ll(rtili~,cI USC(I for (IIC INS to da[c  collsisls  OIIly of

i i  l;ilM)[;i((wy  dcsigl) orip,ia:illy  usmt witl)  :i 30-CII1 IIUUSICI.
No cflm  ( was  made 10 ]niaimim  ils Iaass or wdumc or M)
iidj  USl ils tlwlll)iil  clmac(crislics  for (ywralioa  al Ihc lI)ucl I
l(nvcI c]nissioli  CUIICII(S lcquircd  to acu[lalim  tlIc ioIl bcala
of” IIIC 15-cII~ cl)g,i[lc.  A COIIIIKIC(,  ligl]twcip,l)[  lmr([ali/,cl  lI:IS
bccII (Icsigi]cd by NASA 1,cR(’:{  wi(h  a mass of (rely 115 g,
so (IICIC w:is IN) need to duplicfilc  (I)is wwk.

‘1’lIc 1 $cva iol) soutcc, iacludia:,  a lhrcc glid  accclcriilw
sys(cIII,  IIIC ground SCICCII aIKl st[uc(ural  aIIacl Ia\cI)t  poill{s,
bul IK)I includiag  tlm nculmlim asscvahly, II;IS a  III:ISS o f

2 . 2 5  k~. ‘] ’his IIIaSS illcludcs  a 4f’lo-ImII  ]OIIF, WIIC ]I:itacss.
.Mdi!lp, (o his 115 g liM lhc ncullalim  assmbly of RcI”. 13]
ICSUIIS ill :i lolal ]Ilaw  ()( ?.30 kg if (his i(m s(mtcc were (() bc
usc(i  :iS a Slillld-iilollC,  1 5-UN ion ca~,inc.

‘J’ml Id for AdwiIIccd  10II ( )I)tics

‘Ihc kcy 10 ialploviafl ioa clgiac  Cmdulaacc, lcliiit)ilily
:iad pclfollll:iacc’  i s  coaliiiac(l latgcly  ia IIIC lcclm(do~y o f
{IIC ioa :iccclcItiloI  systcm. 1  ‘or (Ilis  Icas(m a valicty  o f
adwmccd  g,lid Icchaolq?,ics  alc bciag iavcs(ig,awd il)cludiag:
IIIC 3-grid SANI) riCdciiit~r Systcm,() CWIKMI-GIIIKIII ~,rids,”
d i s h e d  gI~iphi(c  ~yids, iiild  gtids  Mrictilcd i“iwa di:inmd
flll[ls,s  ‘1’flc 15-CII} ion soalcc will k used as :i 1(W tw(l fOI
llIc CViil UaliOll of (IICSC  caadidiitc Rchaologics.  ‘1’his s h o u l d
facili(a[c Iapid, cost-cf”(cc(ivc  accckva[or  sys[cm cvaluatioa
sit)cc  it is casicl :IIK1 l e s s  cxpmsivc  10 fiiblicalc  g,[ids ia a
15-CIII si~c [is o p p o s e d  to IIIC 30-CIII s i r e . l+{mtisil):,
caldidalcs,  s u c h  a s  lIIC carbw)-ca[boa  f,rids will bc
firhicatcd  iiIId (cs[cd ii) :i 30-CII)  si?c [(M possit)]c irl)ldica[ioll
10 the NASA lightweight 30-cm cagiac.

A S  of tl)is  wli(illg IIIC 15-CII)  mlp,iac  IIiis Incl) tcstc(l  wi(tl
two :iccckmlor  syskvas  wi(h  [k chalacmistics  f,ivc[) ia
‘1’aldc I . ‘1’hc “?-g,lid IIlolybdcl)ulll” syskm col)sisls  of 3
m(dybdcmaa ~,rids which were CU( froal  (tic CCIIICIS of lhc 3-
f?,l id accclcla(ol Sys[cm (C31cd ill Rcf [6]. ‘1 ‘lIcsc  c]ccl T(tics
WCIC iso]:i(cd floal cacll  O(IIN thIouglI  (IK u s c  of ().5 1-11111)
(hick picccs of IIiica. ‘1’hc ]Csulliil.q assclably w a s  lIcld
mgclkr aad all;ichcd to the discharge cllambcr body will)
papcI clips. ~,- -)/]

1

[..l~<. ~
‘J’lIc “3-gtid  fyaphi(c” Sys(cm coasisls  o f ”  3 d i s h e d

g,rapl)ilc  clcc(lwlcs  fiibricakd  ftom  ‘X)(XX gyaplli(c. ‘1’hc
splmric;itly  dished shaped grid was Iliacl)incd iiwa a thick
piccc of gr;iphi(c usiag a mrmcricalty  controlkd mi l l .  ‘1’hc
apcr(urcs  ill all tlmcc g[ids  w e r e  mcchaaically dtiltcd.  ‘1’hc
bri[(lc  wrlurc  of graplli(c made ii impossible to fabricak  lIIC
SCICCII g[id wi(ll Ihc s a m e  opca arc:i fr:ic.lim a s  Ihc
molyMtcIIuIII  SCICCII grid. ~oascquca[]y, (IIC gI:iphitc  scrwa
grid W:IS fahic:ikd  wi[h  a  MC diamc[cr  of 1.“/8 n~III ra[lvx
Ih;ia 1 . 9 1  mm, M with Ihc siimc ccalcr-lMmcI MC
sp:ici  i IF,. ‘1’lIc. g,raphik grids were also made Illickcl  to
ilnpr(wc  their mcctlaaic:il slrcag,fh. “1’hc dish dcpllI was lhc
ximc  fw both Itw m(dybdmrm  all(t grtiphilc  ckclIodcs  siacc
(IIC c(wff]cical  of thmaal cxpaasioa foI lhc g,r:iphilc is very
siluilar w tl)iit of Iaolybdcaual. A plmk)g,r~iph  of tt]c d i s h e d
g,liiplli(C aCCCIC1iilOl SySIClll i s  g,ivca in l;ig. ‘ 2 .  ‘1’11(’ ca(ilc
g,lapllilc accclctalor  sys(c.m m a s s ,  inclu(tiap, (lw p,rids,  [IIC

nloull[i[lg ring,,  iawlato[s, scImvs dtd wadlcis, is olIly 156 g.

‘I’l  Ic p,rid 10 F,lid scl):ila(ioll was (). s 1111111 fo! Iw(II  Ilic sclccII-

(()-:iccclcmlor  and :Iccclcra[(}r-to-(  lccclcrzl(of”  N ids  fo r  the
Inolybdcauln  clcc[r(KIcs. ‘Ihc  scrcctl-io-accclcf ator” glid
sCpiifii(i{)]l ~riis ().()1 1)111) aid  IIIC :iccclcIat[)I  -lo-dccclc[ti(()]
p,rid gap was 0.51 m m  fol (IIC giiqhilc clc.clr(xlcs.



‘J’abk  1 (;rid (;wmwtrics
—.==

l’ilriilucllv 3-(hid MolytKlrIIuIII 3-(irid (iraphilc
Accc.lcJaIoI  Syslcm AccclcIaIoI Syslcxu

ScIccli  (il id ‘1’hickllcss  (Ins]) ().381 ().5()8 ‘–
ScIczuI (hid 1 lo]c lliamclcr (mlu) ],g] 1.78
SCICC.11 (hid opca AIM l;liictiou 0.6’/ ().58
SclccI1-AccclcItit{)r  (hid ScpaI ti[iol]  (mm) ().51 0,01
AccclcIaIoI  (irid  ‘J’llickllcss  (mIII) 0.381 0.508
Accclmatw  (hid 110Ic l~iaa~ctcl  (Inal) 1.14 1.50
AccclcIaIoI  (hid OPCII Area lkrctiou 0.24 0.41
ACCCICI aIoI-1 )CCdCI~iIOI  ( kid Scpafii[ioll (I UIII) ().5 1

lkcclclal(M  (hid ‘1’bickucss  (Iuln) (),3X1 0.508

Ikxclclalor (iricl  1 lolc Dialuc[c[  (Ins]) 1 .5? I,(4)
1 Wckv:iku  (hid ( )pCII Arca 1 ;lii~(i[)l] 0.4’/

==

l’rcliminfiry l’wforttumce

l+clilnilmy Ijwmurcuicnts  of [hc total cllgiac Cf[icicucy
as a  funclioa  0( spccilic  impu!sc  wm obtiriacd  OVCI (IIC
rirup,c of’ spcciflc  impalscs  from 2.5(K) to 4(KK) s. ‘1’hcsc data
wm oblaiucd w i t h  bolh lhc nlolybdcnum  ml glaphi(c
accclc.ramr sys[cm. ‘Ihc  total caginc cfl’w.icucy iIIcludcs
the ncu[lali~cl’  f l o w  HIlC a n d  kccpw power. It d o t s  IIN,
lIOWCVCI,  iitcludc  approximatc]y  50 W of lIcatcI power used
(CJ kCCj> (hC IICU(la]iZCf Cadl{d? SUf”~kiClldy hU(. As
]l\cIitioucd  carlim,  this ncu[ralimr was orig,iaa!ly used ill
tes t s  w i th  a  30-CUI diamctcv  lhruskx and was,  IImcfom,
sized to opcra(c  at hig,hcr cmissirm  curr’ca(s (lma required for
opcffilioli will) tk 1 S-cm (hruslcr. ‘1’lIc healer power  was
not ilwludcd  ia (IIC ovclall  efflcicac.y dctcrmiaa(ioa hmusc
will] (he propw tlwnnal  dcsiga tbe ncu(ralim c.allmdc  could
easily bc lnadc to bc self-hcatiag.

‘1 ‘he thrus[m  cfflcicacy  w a s  c a l c u l a t e d  f r o m  [k
appropriate clcc{rical parameters mc:isulcd  duriug  du’uskv
OpCraliO1l.  No dilcct  tbrusl  mcasurcamllts  were made. Aa
approximate corrccliou  10 the thrust  c.alculaliou for beam
divclgcm!  a u d  Iuu](iply  cbargcd  ioas w a s  app]icd b y
assull~i!lg, {hc product of tlIc cmcspoudill~,  tluws( loss fi~cIoIs
for these cflccls  has a value of’ 0.95. Siacc Ibis is a very
apploximatc  pmccdurc, the rcsutliag  uuccrtaiuly  ill du us[
aad  spcci [ic iulpulsc  i s  rcla(ivcl  y  Iargc. A  corlcc(ioa  for
back-iagcstioa of propcllaal  from  tlIc vacuum facili(y  was
also applied to tlm calculalims  cd specific ilnpulsc  and total
cfflcimwy. I I I  tlIc pcrfmwmcc c u r v e s  foI- b e a m  imi
pfoduc(iou cost versus  proJmllar][  cfficimcy, (k pfopcllaltt
cffwicmcy is also mm cckd fm back-  it~f,cs[ioIl of popcllaal,
bal not for crmcckd  for mulliply  charged ioas.

‘l”IIc prclimiaary mcasurcmml(s  f o r  to(al  cuf,illc
cflicicmcy a r c  givca ia l:i~,. 3 for OpCrilliOll with M(II (IIC

mdybdcaum and g,riiphilc accclc.rmI  syskmm. ‘Ihc cuginc
pc[fo~lntiucc. with the Imlybdcuum  grids is superior to Ihal
will) the g[aphilc  ~,rids as a mull of (he biglmr p h y s i c a l
opcII iirca of t Ilc IIWI  ybdcaum scrcm  p,t id, ‘1 ‘IIc.  solid Iilw ia
[tic flf,ul c rcplcscm IIIC pcrformtiucc  pn)jccicd fw tbc

cmg,iac  made several moulhs  before [hc caf,iuc was fm(
Icslcd. ‘1’JICSC pcjf(uil~al~cc  pj(jcc[ims  were used ia tlIe
missioa  aaalyscs Pcl(onmd al J]’], (o coa]pliawu( (IIC N A S A
s!{]’ ‘1’cchlN)loF,y  Applica[iolri Rcadiucss (NS’I’AR)
pIogriU11.9 ‘1’IIc ac[wil  cllg,iim pclfmuaucc  w i t h  tlIc
molybdcauuI  gjkls i s  scm 10 bc s l i g h t l y  bcHcI [lam IIIC
pfujcc(cd  pcI formfillcc, ‘1’hcsc pcrfora)aacc dala wctc
ob[aiacd willl a varicly  o f  to(al propcllaII( fl(m’ mlcs  and
iapu( pmvcrs, aad a dischat  g,c v o l t a g e  of 30 V . ‘1’lIC
JJI[?jcclcd pm formaacc,  bmvcvcr, assuumd oJxm(iua  a l  a
coas!aal  fhv ra(c aud beam curl cat (of 5(KI mA).

‘1’lIc data of 1 ‘ig. 3 fw h? Iuolybdcuum gI ids is lcpcatcd
ii) l;ig. 4 with cnm bars iIlcludcd to iudicalc tllc uucm(aia[y
ia lhcsc quaatitics. As mcmlioacd above lIIC ullccrlaiatics
alc Ialhcr lalp,c, pl-imxrily  as a ICSUII o f  the apfmxima(c
tbrusl  cm [cclious  fw Iwalll  divcl  gcacc  aad mulliply cbargcd
ioas. ‘1 ‘hc CIIOI  bars iu 1 ;if,. 4 pmbablc over  cs(imatc  tlm
ullccrlainty,  buI withri a  dircci thrust  nmasurcmml  o r
mcasulcmcuts  of lhc beam divclp,cucc aud multiply chaI1~,cd
iwts il i( imJmsiblc to rcducc the uuccriaillty.  ‘1’IIc abili(y  (o
p r e f o r m  dircc[  Ihrus[  mmurcmuts  i s  CUIICIIIIY bciag
iutplimwlcd,

i$!olyldmum  (;rids

1 Ma {h[iiil)Cd  h opmlioa a[ a fixed ham CUIICJII  d’
500 mA willl tllc ]l~olybdcuuu~  accclcia(or syskm i s  givca

I:ig.  5 . ‘lhcsc da(a WCIC obhimd b y  fixiap, the tolal
p]opcllaa( f l o w  ra(c aud varyiag IIIC scrccu  g,i i d  al]d
accclcIaIoI  grid vokrgcs  10 vary the  spcciiic  impulse, Sliglll
adjustmculs  (< 0.2 A) to IIIC discharg,c  CUII CUI were IIIadC to
keep llIc  beam can cut coustaat  as IIIC total vo]tagc bclwcclI
(IIC scicclI aud :iccclmlor  grids was varied. ‘lhc  dccclcram
grid bias was SC( 10 - I(M) V relative to mmdizcr COIIIIIKHI
potmlial. ‘1’ltc discharge vo](ap,c  was cous(aut (withiu 1%)
at 30.3 V  for IIICSC data. ‘1’lw s o l i d  lillc agaia p,ivcs  tlw
pcrfm IImce piojcclcd fw ihc cllgiltc.

‘1’lIcsc data  illdicatc that the cligitw  cwt bc opcfalcd  owl

Illc ri~llgC Of  iupu( pOWcIs l’iOIU 5(K) 10 W) W  at H C(MISlaUl
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beam CUIHCAI  d 500 mA.  At specific impulses gIcaw.I ha
29(K) s tlw iiccclcl:ilm  p,rid \Kdlaf,C  was  IImin(ailmi  al -100
V .  IIclow 29(M)s g,rca(cr  acg,alivc  vollagcs  wcJc rcquircxt  olI
IIic scvccw fvid ia ordm 10 cxlrac[ (IIC b e a m  cuIIc II(. ‘I’l Ic
valiatim~ of ficcclcIa((M  aad dccclcrah[  g r id  CUHCI)IS  VCIMIS
total wdlagc i s  g,i\m ia l;ig,. 6 ,  iadicatinf,  Ml dirccl ioa
il[ipillf~,claclli  (m (IIC gtids  iwcascs mpidly  hclow  rI total
V()][iiF,C (~1” 1(}10  V  f’tM a t~alll  CUI’ICIJ~ O f  S(N II~A. A t  IIIC
Iniailnum  iapu( powel POia[ 0[’ 5(N) W, llIc spccilic  impulse
was 2670 s cmcspoadiag  lo a IKH :iccclcI aliag volIag,c oi
750 v. A I  [his  opcratia.g  poial IIIC mrp,i~itudc  o f  t h e

accclcralw  F,rid vdhw rcackd  il maximum value (300 V).
“1’lIc dischrp,c  chamber  pcrhmmc  is f,ivca ill I:ip,. 7

l“ix Ihc opcla(ioa with the ]mlybdcma a a d  p,raphi[c  p,rid
s y s t e m s  :it a coastaal  disclmgc  VOIKNC of 30 V aod a
cmslaal  I(IM1 d i scharge chamber  propcllaat  flow rak’
(ilwludiap, back-illgcs(ion)  01’ approximam]y  ().66 ltlf,/s.
(1’lIC ca(hodc flmv ra(c w a s  adjus(cd 10 maiwria (Iw
disclmrgc  Vollii~C C()[IStiilll  OVCI (IIC  pcrhllaaacc  CUIVC,
Icsal(iaf,  ill a  s l i g h t  variatioa ia disclmgc  chaalbcr  I(MI
il(nv  IaIc.). Ap,ilil], IIIC pCIfOIII~alICC witl) IIIC ll~olyt~hltlll~
p,rids is Sig,lliflcall(ly  t~’(k?r Ihaa (lIal willl I]IC grii]hilc dw’ 10
(hc hif,hcv opcm iilca fIaclioa  fw llIc molybdcmmI  RI ids. 1 (
i s  CIMI flom these da(a that t h e  discharf,c  pIopcllirIII
utili7aIioIl lIas 1)01 hccll cmcckxt  fw lnul[iply  cllatgc.d imls
as evident from tllc  Vill UCS of this  paramckv which appl(mcl)
uaily.

1  )iSClliWp,C clmlnbcr pcrf’(mamc for (ycratioa  :il a
discl)alg,c  VOII:IF,C  Of 28 V  and a [{)tiil disclmp,c ctliuatwr
propcllill)t  ilmv riitc 0[” approxima(cty 0.79 mg,/s  is  givca ia
1 ~i~,. N. ‘1 ‘lICSC data iadica[c acccpuddc discllarg,c chamber
pcrfmmacc CVCII  at a discharge voltage of 28 V wittl (IIC
motybdcaum  g,l-ids.

(;rttphitc  (;rids

“1 ‘lIc disClliiIgC chtilabcr  pet forlnallcc  fm opcralioa wi[ll
(IIC g,raphitc  accchator  syslwa  i s  givca in l;ig,. 9 fm two
dil[cIcIll dischalg,c  chamber propcllan( flow Ia(cs. ‘1’flc
cllrcl 0(’ iacrcasia~, flow rii[c h a s  (Ilc Cxpcckxl Cf”fcc( o f
fcduciag,  lhc beam ioa produc(ioa  cosl fm a givca plopcllanl
cfficieacy.  1(’

‘1’lIc pcwcaacc characlcvistics  o f  t h e  glaplli(c  glids  is
p,ivca  il~ l;ig. 1() for a beam cummt of 4(K) IIIA. ‘1’lICSC data
iadicatc [hal a mtal vol(ag,c of fippmximatc]y  1 2 ( M )  V  i s
wquircd  to cxITacI IIIC b e a m  cuncat of 4(K) IIIA. ‘J’his is ia
COIIIIMI  10 IIIC Iaolybdcawa g,rids WIICIC  a beam CUIICII[ of
500 IIIA could bc cxtlac[cd wittl a  total vol[agc a s  I(nv :is

1040” V. ‘1’hc superior Pcrvcancc of tlIc molybdcaula  g,rids  is
al(Nl l ikely dac 10 Ihc smal le r  glid  scparalioa used wi[h
llIcsc f,rids (see ‘1’at>]c 1).

‘1’IIc cff’ccl of dccclmlor grid vollap,c (m CICCII(MI back
s(lcalaia~, is g,ivca ia l;ig.  11 I(M IIIC g,raplli(c grids.  Wi(ll 110
(Iccclciiitol  g,rid \wIIagc ( i . e . . , ihc dccclcralm  F,rid :il
Ilcultalim c{)lllm(m pokmtiat) the maf,rlilu(ic  01’ Itlc llCF,iitlVC

accclcra(ol  f,rid volmgc nlusl  bc al lcasl ?(i) V  to pIcvci Il

clcch(m hack sllcalaing. ‘1’hc IIuif,lli[udc  0( (he accclcfalor
~,rid v(dlaF,c rcquil~d  10 prevent  CICC(IOII tmck slIcallliag  is
Icducc {O app Ioximak:ly 200 V wlm~ IIIC dccchti(ot  &rid is
b i a s e d  10-50 V. With -10$ V (m the dccctcla[ol p,lid, llIc
accchalw g?id VOIIHF,C coukl bc rcduccd  to -104 V aad still
pIcvcIIl  CICCITOII back  sllcirlailif,. ‘1’fIc Illa,gI]itudc of ltw
accclcral(M  glid  voltage vm aol rcdurrd  txhv Ihc
][]iiglli[l]d~  of (tlC drcclclator  ~,lid ~(dMgc.

1 ‘(M (t ICSC dau~ (tlC l) CUtl”ali7.CI COU@illF, VO](:if,C W’iiS
apploximamly  W V. ‘1’hcrc[orc, with  - 1(K) V applied m both
(tic iiCCCICliitOI  aad dccclcliilw  glids,  tllC Iaaxiaw!a  illcidca[
cha  Ig,c cxchaIIg,c  ioa cacrgy is 130 cV. ‘1’ltc spuNcJ yic.ld o(”
p,[ap!li(c f(M iacidclll  XCIKMI ioas with 130 CV o f  mc~gy i s
apploximatc]y  0 .01  aIo]ns/ioa.’  i ‘1’flc Imaiwrl  2.3 kW
olma[iag  poin( hr IIIC W-CIII  ioa cagiac  m bc u s e d  ia (hc
NS’I’AR Icchaolog,y validalioa  program, ttm accchaml  grid
vo]tagc is -1 S() V 11’~i[(cIsoII?-1993]. Aswmiagl  a ncullalim.f
couplia~, voltag,c  of 20 V, the maximum cacrgy of charge
cxctmig,c  ions  slrikiag t h e  accclmatol fvid is 1 “/() cV. ‘1’hc
spu(lct y ie ld  fol  XCJIOII  (m mlybdcmumi  1 al this cacIp,y is
iipp~oxiam(cly  0 . 2 ? ,  w’hicll i s  ]Imrc Itliill  a fac(w d 20

gfcakr ttmll IIIC spulkv  yic.td fm [tic F,rapllite at 130 cV. ‘1’hc
sig,[liflcalm of (Ilis  will bc d i s c u s s e d  ia lhc f o l l o w i n g ,
scc(ioa oa (lIc scf,mcIItcd ioa cagilw.

‘Jhc scgIIIcIIlcd ioa cil.giac coaflgurirlio]l  dcsc[itwd ia
Ref. 14] divides ii laIgc cap,illc ink) several idcvl(ical  Mnallct
ioa sources c(mfigurc(i  (0 lIavc ttw same aclivc g,rid  al’Cii as
(lIc OIig,illi{l  Iarp,o ioa soulcc. lbr cxampk,  a  5-kW, 30-cIIl
di:ilnclcr  im cagi!m ]Ilay k Icpl:iccd t)y a  scglllclltcd ioa
cagiac coasislii)~, of four 15-CIII diamclcl ioa SOUICCS ia t h e
mamm  SIIOWII ia 1  ‘ig. 1 2 .  ‘1’hcse hut ioa SOUI-CCs  (m
scgmcnls)  a r c  opcIidcd fr(m a siaglc p{nvcr coadilimlinf,

u n i t  ia as  saf,gcstcd  ia 10 F,. 13. ‘]’k Chief” adVal)tap,C Of’
doing (his rc.sulis from  the rc.quirc.meal (hat lhc cnf,iac musl
opcIatc  over a la[gc iaput powcv varitilioa  aad that it musl
bc Capiit)lC  of” opcm(iag 101 (ypictitly  8 , ( ) ( M )  lmuls if (Ilis
cn~,inc  is used ill ritI S1{1’ syslma lo] a plaaclary  Spaccci-al’l.
‘1’hc scgltlcn(cd  engine is Ihrmlcd pIilaarily  by sllutli~lg  of(
ttw illdividui~l  1  5-Cal ioa smrrcc Sscg,tacllts. l’owcr  i s
IcIIlm’cd  fl(Mll a  scglaml  aad (Ilal scf,lncal i s  CICC[l’iCally
isolated fmm  Ihc high vollagc power supplies tln~mgtl  Ilm
use of solid slalc swikhs, Plopctlaat  flow to (hat scgmca(  is
also lIal(Cd by closiag Itlc apptopl iatc \’alvc ia llIc prOl)Clliillt
f e e d  sysiclI1.  1 (M (tic scglIlcI\(cd  iwl mlgiac coasisliag  o f
foul  15-CIII diamclc~  i(m sources, Itlro[[lillg  tlw citf,iac ill [his
w a y  Cllilt)lCS  a 4 to 1 iapul powcl wtriatioa.  I;im ltll~)~(lillf
colIlltd  i s  achicvcd by varyiag (tm ml accclclalii~g vol(iig,c
at constan(  beam car[ca[  as slmva ill l;ig. 5 fw a siafjc io]l
soulcc, ‘1’llis rcsul(s  ia aa overall (hr(~t(ling,  rmlgc as grc.a(  as
‘) to 1 f(M (hc 4x 15-cIIl scfyacatcd im) cngillc willl cohstanl
pl{)j)Clliill(  f“t(nv Iatc I() CaC]l  Opcla(illf, SCF,IIICI)[.

‘1’IIc majo)  adva!t(agc  ilt ttllotlliaF, IIIC scfyacalc(f  ioa
cllp,iilc ii] tl~is IIIatIIIcr  is tl~al the scgrI}cIIls w’llictl IIavc bccll
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Sllul-off’  iilc J]()  lon~cr  SUi@.1 10 w e a r . “1’llis lcsul[s  ill a i ‘ul(tlcflnm:, Wil]l ( t i c  UN’ of callKJJ1-callKN)  C]ccllodcs

subslalllial  lcduc(ion ill {lw rcquilwi  scrvicc l i f e  of ttm it)ll cul Icll[ly ulKlcl fabIicatioll “ IIIC cxpcckxl spu(lcl y i e l d  f’w
soufcc rmIlpomJMs  for m i s s i o n s  of imvcst sLJch as coJIW Chal~C-CXC]l:ill~,C iOJIS tllay bc 111011: [Ilall :{ faCt(M O f  20 ]CSS
illld  IIl:iil) bC.]1 aSIClf)id lCJKk/V(mS. llI:in [(M a lnolybdcl]uln  accclcIal(M fy id opmatcd  al 150  V .

‘1’his  woLJkl  c(m}plctc]y  remove accclcxa(ol  grid crosiwl  as a
4X 1 S-ml Scfynentcd  10II lh~inc po(cnlial  life-lirniting nlcclmiJism for (IIC i(m culf,inc.

lk)f tl)c SC~lIKJltCd  ioJl e n g i n e  L’oIJlp  Iiscd of  10UI I 5-01)
ion soLIlccs  and Slmvll schmalical]y  ill 1 ‘ig. 12 (lIc f(mr im
souiccs alc aIIaJlp,cd iJl a square coul”igu[ation  w’illl  a sing]c
lvw(rali~cl  ca(lmdc  In IIIC mm. All of (IIC ion sources arc
Cllclosrxl  wilhin a  COlllIllOJl  f,rOUJl(f  scmn. ‘1’llc SUIII of’ IIlc
1(NII i(m soutm rcsulls  it) a total aclivc beam area of” 707
CI112 which is 13 % largci lban [hc 3(Pcm c[lf,im3  ( w h i c h
II:{s an active beam dianwtcr  of 2.8.? cm). ‘1’his is packap,c.d
(0 111 willlin  a ffonlal area which is JmIIly idmllical  10 that of
the 30-CIII cl~giJ]c  as illustrated in l;if,. 12 l’iickaf,ing  the
4X]  f-clll scf,nmJNcd  CIJf,iJIC illtO f i l e  salIIc f(K)tplil\l  as t]IC
30-CIII e n g i n e  rcquilcd  thal the ratio  of ou[cr dianm[cr to
active beam diamc[cr for each iJldividuxl  15-CII1 source lx
]Ilaililaind e q u a l  It) [hat of Ilm 3(hcm e n g i n e . ‘1’bis
clIallelIf,c  wns IIwt by mounting llIe accclcratol sys(m “(MI
lop of”  t]Ic dmvllstrcam JllaF,JICl  rillp,, rat]wl  ttIaII adjaccn( to
il a s  in cmvcnlional dcsif,ns. ‘Ihc b:isic ] fi-cJII  discharg,c
cluuutm  willml ttlc ground scfmn, a n d  witinp, lmmss
WCl@lS ]CSS [II;JII  ].5 kg. ‘Ihc 4X15  -CIII scgmcnlcd cnf,inc is
cuncnlly  b e i n g  fabricakxl  and i s  cxpccIcd t{) wcig,ll
:ipp Ioxi Jwi(cly 8 kp, WIICII coJIlp]c(cd.

llascd WI the pcI-fml}ancc. dala from 1 ‘ig,. 5 fw a sinf,lc
15-CIII diameter ion source, the Pcrfrmnancc  of Ihc 4x15-cm
scgmcnlcd ioJ~ cnf,inc can bc prujcclc.d  b y  multip]yillf,  (IIC
ilq~u(  pmvcr, and thrust by  f“acms of 2, 3, and 4
collcspondiilp, (o operation of 2, 3, and 4 ion SOUICCS in IIIC
scgJlmr)ted  CJlgiJIC. ‘]’tlC J“CSU1[S Of doiJ)f, [iliS alC f,iVCll  iJ)

1 ~ip,. 14, wilcrc  tlIc projcc(cd tlwust  and specific ill~prrlsc  atc
p,ivcJl as f’uJ]clirrns of the total ct~giJm iJqml power. ‘1’bc fmrr
cm vcs in cmh grq~h re fer  to [IIC n u m b e r  o f  opcraliilg
SC~,Jl)CJltS. ‘1’IICSC data  iJldicatc a  ‘ 1 - t o - 1  il)put pow’cJ
lllro(lliJlf, I-ang,c  (5(M) W to 3500 W). ‘1’his was accolnplisltcd
wi th  each imiividual  scf,rmw[ opcnmd al a coIIstiiIIl  b e a m
curIcn[ o f  5(K) mA. ‘1’bc prrwcr Illrollling, ranf,c i s
conlimms will) Ihc cxpcclion of a gap which occurs at ilqwl
p r o m s  bc(wccJl 900 and 1000 W. ‘1’his occuI’s  bccausc lhc
ral~gc f’m Ilml[lillp,  an individual 15-cm ion source a(
COINKIII(  beam clJri’cnl dots rmt qui(c cover a 2-IW  1 power
\’:ilialioll  (its ac(ually  1 .fi-to-t  ).

‘1’hr basclil~c  opcratinf,  point h tlIc 30-CJII  ioJl cllf,inc

fi)r t h e  NS’1’AR tcchmlogy  validatirm pr-of,ram is an illpul
]JOWCI  of ?.3 kw willl a beam C. UIICJI[  of’ ].8 A and a (hfus(

Icvcl of 95 IIIN a[ a s p e c i f i c  inlputsc  of”  33(K} s, ‘1’IIC
prt)jcclcd  pcJ”fmmancc of the 4x] 5-CII1 Scf,mcntcd cl~p,inc al
WI inpul pmwv of 2.4 kW and a beam curlcJlt of ?.() A is a

[IIIUS( of’ 95 mN  at a specific implJlsc of 3000 s.
1 ‘ur[llcmwc,  Ibis Pcrformancc cm bc achicvcd usin?, the 3-
fyid  SAN I )f’ accclcralor systcm coJlfif,uwt ion, wllictl cnabks

opcfati(m with an accdmimr g r i d  v(dlafw of oIIly - 1 0 0  V .

Conclusions

A 15-CIII dialmtcr, scaled-dmvil VCI simt of (IIC NASA
lif,ilt-wcigllt 30-cIII  i o n  cJ~ginc bas bccm dcvclopcd fm
po[cntial applicatioJ]  10 vcIy smal l  planmuy  spaccctir(”i. As
a stand alol]c 15-CII1 e n g i n e ,  ttm c[l.gillc lnass i s
apploximalcly  2.4 kg, the aclivc beam diamclcr is 1 SO mm

an(i  Iilc oIJkv di:imctcI o f  ttlc Scrccll f,ii(i iS otl]y ?00 lIIJI1.
‘1’fw cllgiiw IIas ircclI opcI(ilcci  over  a  spcci(lc  illlpulsc and
inpul  POWCI IWIF,C  of 2500 (u 4000 s ati(i  38010 1 2 5 0  W ,
Jcspcc(ivcly. AI a constan(  b e a m  CUIICIII  of 5(M) mA,  cllgiJ~c
opma(ion OVCI an il]pul  p o w e r  r a n g e  0 1 ’  500 10 890 W
(colfcsponding  10 [i speci f ic  impuisc  r:ingc of 27(M) 10 39(K)
s) was {icmmstlii[cd.  Appiying  a Jicg:ilivc bi:is of” -1(M)  V [i)
(tic  dcccic[atoi grid 01 a 3-gyici  accclcIat(M SySICIIJ e n a b l e d
Opcra(i(m  at aCCCkralOI  f,rid vrrli;ip,cs  :is ]OW as - ](K) V fw
apptic(i  scrccn grid voilagcs 01” 15(KI V (F,ivinf,  a net-tcj-tolal
vollap,c  Ia(io  of 0.94). ‘1’hC USC Of Cad)OIi  F, Il(iS (CWb(Mh

carlx)JL disbcd F,iraplii(c,  0 1  dopc(i  di:ilimJld  fillm) :it ati
accclcI:ilor  F,r id vo]tf,ac of -100 V is cxpcclcd to complcml y
cliJllilla[c  accclcr:itor g,rid Cmsion a s  :i siguificanl  lif”c-
li[ni[ing  lncchanisln,

lnlcf,ra(ioil of tlIc t 5-cm ion source in(o 4 x 1 5 - C I I I
SCf,lllCIltC{i ct~g,illc configiila(io]l results ill a W-ci]l
cquiv:ilcJu  cl~F,iIic wilich  can bc throt(lcd  over a 7-(0-1 iJqw(
powm varia(iml  with a ccmlai)t  iwam CUl-ICn[ iil cacll  of lIIC

folJr s e g m e n t s .  ‘1’hrdtlinf, (IIC scgJncnlcd cflgillc  by turJling
off iJ~ciividu:il scp,mcnts  call Icsult il~ a s ign i f icant  (iccicasc
iJl tllc  r’cqlJircd  Scrvicc li[c  (and CfWiliflCalkJl rcquilcrocllts)
of IIIC ioJl  source c(m\poIicIIls.

‘1’f~c :IU(IIOIS [hank M r .  Alisori (hvc(Is  ami hlr. Willi:im
‘1’tiof,lllarlin  foJ fabric.atinf. Iltc ioil cllg,illc dcscritmi  lmc.iJ~
ami rcs]x)!t{ii!lf,  ltipidly to configul-alirm cllallf,cs  awi facilily
ploblclus.

‘1 ‘Im work  dcscI ibcd in this papcl was Pcrforinc(i  i)y (IIC
Jet ihopulsim laboratory. (’ali[OIllia  lm[i(ulc o f
‘1’cclmolog,y,  under cort[rac[  with  the N:i(ioIt:il Acxmau(ics
:imt Space Adluinistra(ioll.
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