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~’hc National Aeronautics and Sp~cc A(irl]il]iilrat  ,)t~’s  NcM Millct~r]iulll  l’]o~t-alu (NMP)  is a spare

flight technology dcmcmstratio]]  ~,rf,[:[  Al I) tl, 2 wil I validate tllc tccllllolop,im  nccdd to carry out

the Earlll  and spare sc.icl~cc missiol]<  h’Af  P\ cljvi~l)l]s ft)] t}]c 2.lst cct]tut  )’. “1’hc  program is
. .

cmployl[lg  an lnllovatlvc  Clcclslot]-  ]t]:{l:  t(l~), } ,r( h {’SL to select lhc specific tcclltm]ogics  that will hc

flight validatd.  First, NM]’ has altic~ll:i{~d NAS’’,’s  vi~ion ofscicfjcc  cx})]orati(m  for the next

ccntuty, thcm it has ctcfind the Ca]lAl)illli{$ t)( ( (lcI~ to cxccLItc tl~at vision, xt)d finally it will select

and Clc]no]lstratc the rcwolutionar)’  ICI.  }111,,1, ,p, <s 1 j~t pltlt’idc  tllosc c~pal)ilitics, t}lus enabling the

scicncc vision.

“1’hc wlcction  criteria for the tccl)l)[)lo[:i(s  il c \Id{ 4 fiwt level }]roc~ss  }Jcft~lC  the tcdmologim arc

cvaluatd  for flight acceptance. ‘1 ‘i]csc fo[l~  s~ t [M {t c asscss![]ct]t  of the tcc}iflolof;y  value, asscssrnmt

of the probal~ility of its readiness, (lct(tt]liti[i III ( ( its cx~)c(-tcd value, atld a fin~l stage of selection

whcm+y  the optimum ]nix of tccli] tolo\I,ics is t l]t~,ctl fin fli@ I)y tl)c profirarll ]nanagcr  before

being rccoml~mdcd  to NASA 1 l{arlqll +) L( I \ P,II <I NASA }IQ a},}~ro\al  of a tcc}~nology for flight,

fl]rthcr  classification takes p]acc r(!(y,itil)}~, r,I.(  1111(1  ()~ics iljto ~1~ essential, ftl~~daT1lcntal, or enhancing

category. The tcchnolc)~ics must JIS{J l,:Iw :1) L)I1,III  tl]r<c r,adit,css  chcck]xlill(s  to ensure they will

bc ready for flight.

‘1’hc first NMI) (imp  space Inissiotl  s(l(, tt(i i ;+ c, ,~]wtfastc]oicl  flyl)y,  at]fl a sui[c of 12. to 15

breakthrough tcclmologics  has bcLIJ s~’1~~ t(:l f’.)r  i Iit$t  vdlidzt ion 011 t}lis )r]issio]).  ‘J’hc mission plan

fbr this first of the Ncw Millc]~ni~iln l)t~>~l[  itl’s t t IIl]OlOg) dct[)o]]~tra(iot]  missions, 1) S- 1, will bc

pr~s~])td.  ]t Wil] shOw  th~ ~l]at~tl((]  \’:{ll(!,!(ll[l  of I I)roa(! s]~(’~(rL]]])  oft(’(}l!)o]()~i(%  ~ritica] to fl]tl]r~

plal]cxary c.xploratim  as wc]l as tl]c (l((,4il\  I )( I}Ii:. II)issio})’s Ilsc ofso]at  c]ccttic: lm~pulsioll (SE])).

“1’his tyl)c of])ropulsion  has lwcn SCIC( [((l jrr vail; !tiol~ on tl~c firs[ ]I]iwiotl  [wcausc, once validatd,

S1ll] technology will allow future lJJIIL III \ II IIf\I )IIS to t)c (ol)duc(c(l  it] sl]otlcr  trip tinm while

using srnallcr launch  vchiclcs,  tl]clcl>y  ltdl(it Ip, :’ I( COSI of solar s}stcttl cx]~loration.  II) this paper,

the plan to valictatc  ion propulsi(l)l  t(,llr)c~!()}’,~  \ ill I)c sl!rlllllarizcxi and tl]c status ofthc activities

ilnplclncntin[~  t}]at plan will Ix cl(w’ril>~(l

‘1’hc  evolution of Sl{l) tcchr~olo~y will )! L II, (~\L t‘ IL pet (of-r 112flcc al]d rcdum  the cost of future

planetary missions, whether diru 1((1 t(,tii I d t IJ( it~tlcr sola) Systmll or tc~war(l such outer planets as

l-lrat)lls an(l ])luto. ‘1’hc  path of SII(IJ  ciolli[i II) \ ill 1)( dcw Iilw(]. ltl ad(litiol), the propulsion

tcchl]ologics  being invcsti~atcd  for stl( II d[IIItJ(lI,[K rlli$.if)tls  as Cx(irtlitlill[: tl]c Kuipcr  lklt and the



O o r t  (loud will bc dcscrilxxl,  prclviilll,~;  (111( ~t)sl,,jlt il,to  tl,c fhturc  cl’olu[iol~ ofscr]ar  systcm

cxplorat  ion.

IN1’lWIXX:l’ION

‘1’l]c NASA visiol] of space and laILII s, itt, c II) I){ 2.lsL cct)tury  cIIcoIt Ij,a~ws frc(]ucnt,  affordable

missions with hi@ly  focused Ot)jc, [ itr(.1 ‘J ,rIt NI V, Millct)t]iur]l l)to~tatt]  will enable this vision of

scioltific  exploration by idtv]tifyitl[,, SlIIIIi(  I )r]l)t)p,. i]) corrcljt  tcc}lt]olop,y  I}]al p]cvcnt  its rcali7atior].

NM1’ has fbr]ncd a scicnc,c workit)~  p,ItIII]I  (S\V( ) rcprcscl]tit)p,  the rar)p,t: of NASA’S scicntifjc

endeavors to articulate these hip)]  }lri(~rit)’  t 41):11L ity needs, atld Iwcakthmu[;h  tcchno]o~ics

pmvidir]g  afhrdablc solutions w’ill l)c s:)LI[;’1[ lrc,r] I t}tc tcc}, r]ology conlrt,ur~ity through the

forlnatior~”  ofilltcgratcd produc(  (lL’\JC’l(I~JIII:.tJl  tc IIIS (11)1 )“1’s) corrl[jrisir]~~,  rcprcsct)tativcs  frorll

irldustty,  ut)ivcrsitics,  I)owprofits,  aIIIi L~:lI{ \I,\Iv. :I)rl)crlt  a[:tmcics, ‘] ‘cct)r~ologics” that arc found to

t)mst si~~nificarl(ly  corltributc  to acl]ic~itl[! [~i( }1,() II of frccqut.llt lallr](hcs of exciting, affordab]c space

and Earth scict~cc n~issions will lJC sclc~ ((d a{ llip~ i }~ric)ri[y  ( an(iid~tcs  for (Icvclopmcnt  and flight

validation.

NMI)  will cr]lphasizc tl]osc tccl~ti(~lo~i{.s  [1,,+( si[; ihcar~tly c (Jrltrihlltc to ]cducirl~  the costs,

irlcrcasir~g  the ftcqucmcy, and cr)l]:it)(li)t: (II, s ICI IIftC val IIc of f~lturc scicllcc lrlissions. It will

sponsor rcvoltltionary  technology a(l\’<i II( {.L 111,4( I ,{!cr si{~[lifl(  arit IIcw op]mltunitics  fbr future

lnissior)s, but [Ilat have traditiorlall~  Ix.<.li (1 (’fit  L]l[ t<) il]( (Ir],oratc il]to scicl]cc missions bccausc  of

the i!lllcrcr)tly }Iigh risk associated M’I[\I  t“f]( II f!t>t LI.C i]) spa( c. “1’0 valid2tc tl)csc tcchm]ogics,

N M ]) will fly a series ofvalidatiot)  fll[>,l)ts s. r,]t)[, as tcs(l)cd~  to dc]rmt)stra(c their pcrfortl)ar]cc  ir~

operational mode. Thus,  the visiotl dc((tllitl(f tl)(, tccll]lologics  tl]at arc sclcctcd for flight, the

tcc}mologics  dcfit]c the nature of tllc v,iliflzl i(]]l ~1 \!l]ts, the flights validate the tccllr~ologics, and the

tcchtlologicx  in tunl  cllablc the visi(]rl, ;+’i il ,ISI fat, <1 in I ][:L]rc  1.
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‘J’cz}]nologics valic{atcd on Ncw Nlillcl]l,lll II I’li[:l II> will Im (~ctct]t)inc(l it) a three-pl)asc proms:

III the it]itial phase of tcchnolouy  SCI(C [ i{)]), ~ I,rt),  :i slli[c  Of ljrcaktllrc)u~ll tccl]nologics  will bc

ickmtificd  and it~cmrporatcxl  wit}lill tll( t(i 1 lolop”, l~latls, or roid nlaps, ()( Illc lntcgratcd  P r o d u c t

IJcvclopncnt  “1’caTns (ll)l~~-s). “l’ll(-s(: tt{ 111(11  [)[:11. will }Jc (Iloscn fi~r tll(ir  ]mtct~tial in enabling the

low-cost, frequent scictm missiotl~ tlla[ N 4(A  ( wisio]~$ f[n the 21s[ cclJttlry. (Ioncurrcntly,  the

Architccturc IJcvclopncl]t  ‘1’ca~rl (Al } I’) u’ill [:( irratc  }mtct)tial validatit)tl  fli~h(s to serve as

tcsthcds  for these kcy areas of tccl)nol~)[:).

11) the scco]l(i phasq specific tcc}]li[)lt)[’,i~.  IL LIIIII  Ict]clc(l by tl]c 11’1 )’1’s fol fli~llt validation will bc

subjcctccl to a ]norc  rigorous sclc< ( io~] ~>tt)l c<, ( ritcr)a  llscd to asws~ tl](  itlllclcnt  tcchl]ical  value

Ofthc  s~ro]~osd t(XhllOIO~iCs  Will 111(  111(~(’  ]’ 11)!’ t( III irt)]x+c(  on s(-icncc  rc[~lrn  and cost, the

rcwollltionary  nature oft}lc  tccllll(ll[)~;~( ,, ad I}JC LIC~r(”(’  of Iisk rcducti(Hl  Ofl(’rc(i by flight

validation. 7’hc l)rograrn  Offlcc  21J(I Al )’1’, wi(l] l’~~)ut frol]l tl]c l;li#)t “I’ca Tll(s) and SW(;,  wil l

consider the combined technical lalll( L)( s lit [~ c) 1 1>1 J’I’-  ptfymscd  tcc}ll)olo[;ics  appropriate for

validation on AIY1’-proposcd fli{{l)ti  alt~t~[’,  ,~,[11 I! II. ovctall scicncc valLIc to Iw rcturt~cxl,  ancl other

progra])ll)latic  ancl fiscal issues, it) {Ir,lir to ,(l[lltil~ atl(l I(C(HIIII)CI)(I  to NASA J IQ a set of

validation flights and assoc. iatcxl t(chl)o!oi~,  ( olll]llmm.tlt~.
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After NASA } IQ approval to procccd  viol (Ic sclrctccl fli[;llts and tcchn[>lo[:im,  a F;lig}~t l,cad will

Ix chosen, a I;li@ Team asscn)hlcd, al)d a ~(i (it cadil)m ( }Icck]mints  will bc set up to ensure

timely delivery of tcchnologim  to [llcct [}]( fli}’,}]t v hcdt]lcs. “J’t]is liskll]~t~a~cr~ ~cl~t approaches

clcsigtlcd to pmducc the best halaticc t)(L\\ctl a t { tlnolo~~  ric}l lnissiot~ altd laut~chcx cm schcdulc

~,it}lil)  cost, ]1) t}list}lir(] }~}~asc,t]l(jst  t(tl)ll{~l[}r,i[~~~]li(l) sL{cccssfL]ll  Y])a\s tll~s(: chcckpointswil!

l>cil~tcgratcd  il]toat~d  vali(latc(l  otl llJI: N’h’ll)  flipjlt$.

l~llASE 11: Selection of  ‘1’cclllloit)~,i(s  (or l’light  l)cvclo])IneIIt

I;our individual evaluations take ])l~cc il I tl)[ j II ()(, 5< of i(lcl]tifying tcchl]olo~ics” for clmckq>tncnt  for

validation flights, as clcscribccl  in tl~c fclllovltlf:

CJncc the 11’11’1’s have identified z scl (.){ I(, ()! Llli(l]iry tcchl)ologic$,  the (jucstiot)  as to wl]ich of

thctll shoul(l  h space-fligl)t vali(ll[((i  I I IIIU  I K ad .!t~xscci, “I’l Ic followinx  C ritcria })avc t)ccn

cstablishccl  an(l will bc a})p]iccl rcl:+til’c to CICII  tcl lIIIOlCIKy to aswss its k’aluc for incorporation into

NMI} validation flights:

A. impact on 21st cm~tury sci(t)~( lt]l~siillls

13. l<cvolutiol)ary  nature oflutakl  Ilflu[,ll

{~. l<isk reduction h, lli[:l~t wli~l{[itli) tltc cotnt~itlcd [lxpcctcd  Value ofthc

technologies and tl]ci~ <-OtII]~al  Il)IIIly  I“(II itltc~;i(itioll il]to c211(li(la(c validation

platfortns,

In the ]Iot  too clistant future, S)~,!iC ,j(lllrl)!s usit~~ electric propulsior~ will bc commonplace.

‘1’hcsc electric propulsiol~  systctll$ will 1){ ]) IV) ~t(, I I,y Izr\;c IIuclcat  ]m~icr  ~ctlcrators  to cnab]c

jollrl)cys  forl~cy{)ll(l tllcl~otll](ls  ofotll” sO1:I -s~~totl lll~t }J(NJ  fat in tl]c future  this will happcm is

hard to prcclict today, hut it will l)a])~)ci I. ‘1’11[  solar clcctri~ ~)ropulsiol)  systcttltohcflowtl  01) thC

NM]) spacecraft is the first step it) (qwllii~~  ()] tll( door ((l electric pro]julsion)  Ix it solar or nuclear.

']']lis \\~illl~c asr~~all stc]}ir] t})is(lit lc(i(l:Jsitlll,  it L Itllcfils[ fli~l~t ofthc  Kit(y Ilawk. WhOWOUld

}lavc]~rcdictc( ]t}]at through  suc]l  astl]~~l st{’[(.>f~  t)\vcrl’(ifli~~lt  to(]ay’saviatioll  WOLlldgtOW.  “]’hc

Kitty l]awk’sf  light wasshortcr-tl)atl  [l)(\,itl\;s]]l~ c) ftcJ(l;iy’s’747 jlltlll)c).ict.  Similarly,t his

Inodcst  solar electric propulsiot~  sys!clll fli~’11~ ii’i~ pavu t}lc way toward llllitllagit~ah]c  electric

}3ro}>cllcd  flig}lts t}lroLlgl]oLltollt ut]iv(t,c

The Appeal of Electric Prop~llsi{~ll
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Elccttic propulsion is a relatively Sitr]},lt ( CI)( t j)t II) o]Ic of a vaticty  of w2ys electrical c])crby  is

USC(1 to acmlmrtc a prcrpc]lant  to aII cxl12u,.I tclo. i[y {~tcatcr that] t]lat p(mil~lc  using only the

chemical cumtgy  availab]c in the ]t)t)lcclllat 1) ,IId\ (,f tl]c pt, )pcllant. It is II)is hi~hcr  cx}laust

velocity that pmvidcs  the bcncfit~ oftlLf tr, c }lr(~])[llsic~ri  by incrcasinc  the ir)lpLllsc impar(cd  to the

spacccrafi  by each g-all] ofpro}wllat)(  cx]w](ii. d [.l, casu]cd l~y s[mific ir~]})tllsc, lsp). nut this

incrcascd  exhaust velocity corms :{t a ~It it. e ,fi,~ ~ ,1, [)c WCII frol])  ] ‘i[:urc [i 1, electric propulsion

requires, il) a(l(lition to the propcllat)t  sll]~},ly sysl, III arid tl)c t}lr-us( ~)rodll(  illg dcvicc  nccclcd  by

chcrnical  pro]mlsion  systcrns, a soLIIcc ()( cl C(I ic I,( )wct atd a ]mvcr pr(xc$s~)r  to produce the

cmntrollcd voltages and currcrlts  Ilccdcd I,y (IIL tli~ ~ls(cr.  ~’tlcsc additiol~al fLllJc.tions incrcasc  tbc dry

I]lass of an electric propulsion syst<. tII 21) LI\II, [11,71  ,IJI’ a cl]ctnical propulsio]l  systctl~, “1’bus, the

itnpulsc  rcqui~ccl by a sparx missio]l  IIIII\I  }W ;~lmi ( a tlltcs}]olrl valtlc before  electric propulsion

ofkrs ar~ advalltagc;  and the greater tllc ptt,[)l]ll<i(l I rcquircrllcnt,  t}lc [~calcr  the advantage electric

propulsion pmviclcs.

l;or lnany suc]l missions electric ptc)},ul.i(,i, (Jll,ts tl~c o],pottuljity  10 rcd~,cc tllc launch n]ass  ofthc

spacecraft to a clcgrcc t})at a srnallci laLItILII !:( Iji(l, IS rcc]L)irL.d  t}larj tl)at liccdcd  were c})crnical

prcprlsion crr]ploycd. Altcwlativcly,  tt,ls s,, rt, ( a(l~,,{ntap,c  coul(~ bc U S C(I to iljcrcasc the fLlrrctiorlal

capability of tl]c spacecraft. ‘J’}lus, CIC(  [t, ( ]rtl}~u’ .iotl oflir> spacccldft arid [I]ission  clcsigt~ms a

spcctrurrl ofcl)c)iccs  frcxn rcduccd  lxllli( Ir Vt.l))t lC , [~sts  to Il]orc  ca]>al>lc s},accctaft tlran would  bc

available were chcrlrical propLllsior~  LIw’tl  (or [IIL Iwr+ior], 7 Ilis xt(ril)utc i, illustrated itr I’igurc E-2,

wlri~}] S]1OWS t}lat for a spcctrur]l of COIIIC[  fcrl(,lc) tolls Ir)issions clcctros(2ti( ion ~)ropulsion  carr

incrcasc the payload ofa givcl] lautj( II \\l]i{ Ir l)} ,$ Iliu( II a$ a fac[or oft J$’C), or it can rcducc  the

six ofthc launch  vc}]iclc  required.

~llcctric propulsion car] take several for I II<. AI or), cnd oftllc spcclr  urn atc rcsistojcls  and arcjcts,

which USC electrical energy to llcat ? l~~~tl:ily, flLlii to a })igll tcm]wt:tutc [l~ctcby obtainir]g  specific

ilnpulscs  as high as 1,000 s, t}m~l~l) rtlor{ c (,l~ltrml,l)’  in tllc r~t~p,c of 400” s to 600 s. At the high lsp

Ctld ofttlc electric propLllsion Sl)c{[r[lrt]  art ,1( , ro!<,  tic ion tllrtlstcrs,  wlli(ll  iorli7c a propcllat~t  and

ac.cclcratc  the ions throuf$  a lalp,c Vollc{[;c  (~lfl.r(h,. I.’ t lli{;h cxhaus(  velocities. (;ridclcd ion

thrustc!s,  frcq~lcr~tly  called Kaufi~~zlJ Ill} ~litl rs ald } lall cflcct thlustcrs  a~c cxa]rq>lcs  of this class of

electric propulsion. 1 lall Cflkct dc\I(cs rt{~lwt~ $iri ]lcr ]J()\t~r  proccssir)p, t}]arl gtidclcd ion thrusters

but bavc not dc~]mr]stratcd  aclcqLlalc liftl  Ill ,+[ s].: ifr( i~rl})~llscs  ofir]tcrcst  to ]]lar~ctary  missions.

(;riddcd ion tl]rustcrs  have s}JowII)  at) l\II w, II III ( 4L css of tl]at optilt]xl for ]Jlal]ctary missions

(3,()()0 see) and lifctirncs  approacl]il]~[ tllrt  r,( Id for plqticl~ry  rrlissiorls.
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SilICC iOl] thrUStCTS OffCr t}lC 01)])01 [ 111)1[  )’ f[)l 2 ] t! [. ( ]2S< 0(])]2!)C[AI  )’ llliSSiOllS  ( 0  k aCCOHl])]iShCd ill

lCSS tinw  while using s~nallcr  launcl~  v{l]it le., 1<’A!\fi dccidcd  to ut]dcrtzkr  tllc validation of ion

propulsion tcc}lnology. The NS’1’Alt  &4,45A S1:1’ l’cclIIIology Applic’at  it)!] Rcadims) l)rograrll

was startd in Fiscal Year 1993 (1; }’93)  wi[il llIc il)llol~’it~g objcctiws:

●  “1’cr  obtain the data  ncxcssary  to allow d 17t(?I.(t  r]laf)a[:lr  to bawlim ion propulsim~  orl a

spacccrafi

● “1’0 stimulate commercial sot Irc(’\ i’Ljr ,r~ .1 c(:rll]lctcial  LIses ofiot] ],to])ulsiot)  technology

l]cgil~nir~gin 1~Y93tllc NS”l’Al< })ti)~t#t,l  h;t~ LIII ,!~rtakcl~ tovalidatc iol) ])rc)pulsion tccht]ology

using an approach with three prin(i~xil clt..llicl)~s:

●  Idcmtificaticm  ofpcrtincnt vi{lidatli)ll  l(’iplir~ tllcnt~ Iy involvitlg  llsrrs ii] tl]c proccssby w h i c h

rcquircmcnts  arc~cncratwl;

~’l~ci(~t~  tllrustcr  sclcctcd  forvali(lt[i(~~l  l)ytl~ N’.’Al<}l  ro~rarrlisa 303ctl~~tid (lcciio~]  ”]”  thruster

that o]>cratcs wit  Xcl](~ll  }~r(>]~cllzl,t all(l ~i,,(i~si:.llc(l:]t th(l. cwisl<cscal(l~ Ccntcr(l.cl<C) to

opcratcfbr  10,000 hoursat 5kW \vitlj .4 S}}.CIIIC II II]>UISC of3,200satld  atl cfl~cict]cy of60’Xo. S i n c e

the ion engine hard ncvcrlwcn  tcsicd ([j! 1(1,(~’)olt~llrs, it m’d<clcci(lcd  to “dcratc” the ion engine

and under-lake to valiclatc it to ha\c a M. I ii c hf{. t)(8,()()()  }l(~urs at a ~naxir~lut]] it~put  power of 2.3

kW (corrcspot)clirlc to 83 kg tllrollp,ll})t~( (): X{IJ( ,:)) and 2 s])ccific  iinptllw  of 3,200 s and an

cfiicict~cy of 60(70. With this clcrzt ilq:, ttlc 14’> l’Al\  Systcl]]  (} ffcrs tl]c po(ct]lial ofprovi(!ing in t}]c

ftjtur-c  a specific mass (kg/kW) twi~c tl,zi I ~f LIIC ~~stcllj lwing  validated sitllply by validating it fbr

its clcsi~ncd operation. A schcll)atic (If tl)c II II (III ,I,tcr is S} IOWII in l;i~utc  1.-3. it can lx seen to

consist of a cylilldrical/col~  ical clis[ ljar}:~ (11:411  II)CI II) tf’l]ic}~ XCIIOII  is iot)izcd by electrons emitted

I)y a main catl]odc  locatccl  on tl]c cc]lt(tlill (,( t] t tl]rus[ct, at its ]Iartov.’rsl ctld. “J’hc discharge

charnbcr  is closed by two grids: al] uj~s[ 11.a II ~. r( II [;rid  aIJd an accclcra[()]  gtid.  An external

hollow cathode, called the ncutr<{liz.cr,  ~,r(i.~(s I III. clc(troljs  tl]at ll~ait][;iir] tl]c electrical ]Icutrality

ofthc plasma exiting the thrwstct.
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jet l)mpulsion  1,aboratory  (J])].),  al)[l i!, {>.c LIICCI,  ] }ntly by ]1)1., w}lich is lcslmrjsihlc  fbr the Xenon

propellant storage and control systcfll at](l \}s[rItI diagjlc)stics, and by NIASA’S  l.cwis  l{cscarch

Cmtcr (I,cl{(;), which is rcspcrnsill]c f~~t ttl )1)1) [~lrLlstct  at]d }mvcr  proccssitlfi ut~it.

‘1’hc NSTAIL  progranl  lxgan by cf)l~icl)il~~ Jo,)]] \lIops to tlctcrttlit~c the lxr for,  mncc an(l

attributes i(lcntificcl by users as bci~)[: illi]l~) la it fl Ir all lot] ])to]~ulsiotl  syslctl]. “J’llis itlf(mnaticm

was assessed using a QFII  pro(cs~ to ]Iri(lt  1:1)( tll.w at~tib~ltcs allcl the fllrlctiolial  paral~lctcrs

associated with their rcali7atio11. (Ji)(t l)c)t,.l)llal ,lwrs }13d  i({ct]tificci  tllc attril)utcs  they considered

]mst irl~portatlt, allci the QId~  prflccs~ lIa{l [)],i.t21(d  to i(lc]](ify  the tccl]t]ical paramclcrs  associatcci

with these attri})utm, ti~c NSTAll  ])!~y~l:lt]l  dt vcl ~~w(i  a SC[ of specific vali(iatiotl  rcquircrncnts

intcoclc(i to dc]lmnstratc  the ability ofit~tl  ],ItJ~IU]LII.JII to l)rt)vidc t}lc idct)tific(i attributes. These

hifiilcst priority validation rcquircl}lcl)[~  ?TL slI(lM II in ‘1 al)l( Ii-1. ‘1’hc  (iat2 I~cc(icd to satisfy these

val idat ion rcquirc]lm~ts  arc ol)tait~r{i fr{lrll 11]( tv ) ]>ri~~cip:+l  a(tivitics  of tl)c NS”I’A1<  prograln:  1)

groun(i-bascci  testing to vali(iatc lifctill,[  :+! (1 ]~cti))’tlnljcc  and 2) it)- s]vr(c  Il]castllcmcnts  to

charactcri7c  tllc intcractiol)s  Iwfv,(cll  tll{’ s~<i(  C( ti’1, irr(ludltl~  its l~carl)y s])acc plasll~a, atlci the ion

propulsion systcnn. P,quiplncnt  (()! tl~( iii :;ja u ]~”tiotl  of tl]c NS’I’A1{  validatiml  program, the ion

thrLlstcrs, power processors, an(i tljl X(.IIL)I s{(,l~~,,t  an{i (Olltrt)l systcfrl  i$ iwit]g prcrvickxi  by

in(iustry contractors.

‘I’l]cgroL]t](i-l> asc~tcstirJgJ  >or(iolr” [,(tl]c KS’l Al~ ~Jrop,tar]]  t>c~at] with a ?,()()()-}lourtcst  of an

crlgillccrirlgtrlc~~cl  thruster (HM’J),  (iI.’+I~T,II  [(,I  l“,‘l’J’-l, \vi[l]  tllc ])urp(~sc {)f idclltifjing lifc-

lir])itir~fi  ll]ccllatlisrrls ~)rcscrlt dLlrirl{’,(~][l<ltolJ  al ofclll~lrllifyillut  llcrat~)sa $sociatcd witlltll~s~

proccsscs. I:ollowing  this test, scv(ral llfi- I)ll:ir ]jj, ]l)ccl]:illiilll$ were identified which rcsultcci  itl

ct]git]ccrirlg rrlodificatiol) sl)cit)~’,]]l; i({c  to tllc (ICSI ~1,11 oftl:c rllail)  cjtl)o(ic,  the srrccn  ~rici clcc.trical

circuit, and the surface ofthc (iis(l]ar}~c (II: ld~cr

“J’hcn t}]crcworkcdvc  rsiol~oftl)c(lls! IV l’,(ic.~jllatcd  1: A4’1’11  >,\\assL  lljcctc(it(Ja 1,000-hour,

fhll-pc)wcrtcxt  tc)dctcrtllirlc  t}lcc(ll(z(y l)! tlI{ c~l[j,irlcrt illf’, cllal)g<. s. At tllc corlclusion  of this test

it wascictcmnillccl  that the life-lill~itillp ICitt s (lIw ri’cd ill tl]c earlier, 2.,000  l]our test hacibccn

rcciucc(i  toncgligihlc ]cvcls.

Al~c\\r llM’J’(l:i~lrc }i-4), (icsi~11,+tc~l  l.h~l l), II*;I; fal)tiiat(.(i for usc ir] ar) 8,(NO  hour, fLlll-power

lifcdcr]](}r~str:itiorl  test,  mr}lic}~zl~c) L]< f{{:  {lrt{<ll~~:  lrd]Jc)\ \Lr}~r(~(c  s\ir][;tlrlit  (lllll)l’~J), shown  in

};igurcll-5. l]otiltl~cliM”l’sal~(ltllc lil~l’I’[  \~rcf,  ]l~ricitc(ll>yl.  cl\(. ‘1’l~istcst~iasit~tcl~dcd

to  Cicrlmnstratc  thclifc capal>ility oftllf )() L tlltLl{r, aswcll as to (icrllor)$tratc  tile ability ofa sclf-

containc(i  l)PU  to control the tl~l~l$t(t  :{t :’1 ~~)v(r lc\Icls aIIci to autolrlatically  place the systcrn  in a

safe state in tllc cvcwt ofa malfufi~~lorl
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“1’wo a(l(litional tests  arc plat]ncfi  ft)t tlI( hl’’.’l  Al< ptcrul}fl-tc~t  pio\),taI]),  OIIC is itltcndcd  to

clmlmlslratc  ctnpirically  the ahilit}’ of tllc s, wilt, :() proi’id(”  the rc(]uircd pcrforlllancc  over the

entire scrvicc lifetime, with a rllarp,il] of !)(Y ‘I ~ )}) II”C wllilc (J],cratirl~ for cKlcI~(lcd  pcrimis  at

throttled conditions, as woulcl a s})acc( 1411’[ I IIJ  :4 }~1 tl~cta~y r~lission. ‘1’}IC  rcqtlircd  ]ifctimc  is 8,000

hours  at flrl] power, which traodatc$ to i! ~ ‘IJ(III  I I IroLIp,]I}~IIt  of 83 kp,. A S(J(Y6  rl~argitl rcquircrrlcmt

il~crcastx this throughput to 125 k{~. 1 .ifllill](  1$ II(II  ir~[cr]~tctcd  to t[lca)l  a scti’icc life equivalent

to a throughput of 83 kg, rcgarcllc.< of tl~~ot(l( 1( cl, v.’itll a sil[]ilat  it~tcrj~rctation  for rr)argin.

“1’hLJs, the earliest test will (Icmlc)]]$ltd[(  lit’< ,,[ f~lll ;):jwct cot,dition$,  whit  1} arc tl)cmght to bc the

rncrst stressful for the ion thruster. “II)( IIt>.t [tst t<, hc ]Jcr(ortl]cd,  t}lc “1’}itottlcd  ‘1’hrwstcr 7’cst, w i l l

validate lifctin]c  with cxtcndcd  (q)cratiorl :1 tllrol[lccl c(~tlditiot]s. .]~lst a~ tllc earlier 8,000-hour test

is using an ion thrwstcr fabricated lq’ tll{’ l.1 S p,(l~’L$rllrllcnt, a tllr Ll$tcr ful~c tionally  identical to the

flifjlt  units, atld a govcrnrnc.nt-  sll}q,llccl  ~IclvtI ])1 L): cssc)r, tlIc slllmcclocnt “1 ‘hrotllcd q’hrustcr  ~’cst

will c]l~}~]oy a flif$t ion thrLlstcr 21)(I  a f’I~~JIl I’I)L  I ‘I ‘hi$ test will lw fbllowcd  by another, the

“1’hrustcr  Cyclitlg  ~’cst, which will als~.) II<( 2 Ilip,’ I( ion thrmtcr  and I’I’ll  at~d Vt’ill clclnonstratc  the

cm-of l-cycling life ofthc NSFJ’A1{  sys[cit~

‘llrc  ill- space clcincnt  of the NS’1  AIL })], )[ JIII v J II cxJIJ$ist of al] i[)]~ tllr us[ct, a power processing

unit, a digital mntrol intcrfacc  unit,  z X( t] II) }~l(~,l[llatlt s~olafic and co])[tol unit,  and a cliagtlostim

systcrr~. ‘1’hc NSrl’Al<-provided cqui]))r,{tl[ I, ill ;)tcwi(lc t}]c JJropulsiot]  (or tllc first tcchflology

clcr]]onstratiol]  ]nission of the Nc\I,F hlill( t,, 11111)  I ‘IojyaIJ~, 1 )S 1, ct]ablit]{?,  the spacecraft to pcrfonn

flybys  of both ail astcroi(l and a (c)l]lct  ((lII(JIITI{{  II\ launch i)) tllc suli~lllct of 1998. A sir~@ificd

block diagra~ll  ofthc NS’1’Al\ fli~,llt sy.t~II f{)! 1 ~S 1 is SIIOWII  in I i~!Lltc }.- (I. ‘IIIc power  from the

spaccxraft, provided by the l) IMI)()’s  S( :AI<l  1:’! Iincar  cot]ccl]trator  solar  array, is used to supply

hi~h voltage (80 V to 160 V) and rc~ul,it(l ;’R J’ to tll( I )igital (k)lltrol  II]tcrfacc Unit (I JC3U)

and the l)owcr  l)roccssing  Unit (l)]’(l). ‘J t)( I )( ILJ r)~aintains tl)c corlltllatid  al~d tclcr]lctry

ir]tcrfdcc  with thr spacecraft (usitj~; a ‘1 !153  ] )1 ,ILO (,1), rccci\’in~  and dcco,iill[:  cot)mands from the

spaccctafl  and providin{; tclcrrmr  ~’ da[,i to lx doi~lllinkcd  to the ~romld hy the spacecraft. “J’hc

power ]moccssitly  unit rccxivcs co!lIllIatJ(lf (r{jlrl [Ilc II(;IU  that tLlrti the iol] thrt]stcr  on and offand

set the operating }>owcr  level cstxl)lisllcd Iu I}IC  .lMCCCldf[.  ‘] ’IIC ])])U COl)VCrts t h e  ill]~~lt $~owcr

from tl]c spacecraft into the volta[:l,s :IIII! ( III I,IJIL  torrltl]:itl(lcd hy tllc 1 )(11  (.1 for the ion thruster

based on the opcratirjg  pmvcr  lci’<1 CO IIIII~  !IJ(I((I  !)j the spa(ccraft. ‘J’hc D(IIU also controls the

flow control systcln in the Xctlot  I l)l~)~}dln  St{ IIdgc atld (k~tltrol Systctrl (1’S(3)  to ensure  that

the flow ratm for each of the iol) cIII~,iII~”s  1 \vI ~ c iIIIIC)dcs  al)(i tl]at of tl)c IIlail) flow arc appropriate

for the powct  level Colnrnandcd I)y t t ]( $]):  i,1 r~fl ‘1’hc X(t,otJ  1’S(3  stores Xcl]orl il~ a supcr-

critical state and distributes it to ti~c i[)l~ tlltL1\lcr
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31]c final clcrnmt ofthc  NSTA1< (Iip,llt  SYSI,III  is IIIC dia~m)stics systcll~ (1 igLlrc ii-7), w h i c h

consists of two multi-scmor units aud a 1 )ip(~l S( IWI l.lcc[ro]lics  (Jl]it (1 JSIIJ).  7’IIc ljSF.~J

distribute 28 V power from the S]JACCC tcift [t) i.d(l {Jf tllr Il)ulti-scnwr  utlitt and providm  data to

the spacccrafi for transmission to tl)c ~:roilll({ L.ir)[’ a 1553 pr otcwol }Jacl] (Jftllc  rllulti-scmsor units

cxmsists  ofa l.atlgllltlir]~rol>c,  a rc[t4r{illl\’,~l(ltct~[]4“-’ al~alyzcr,  atl(i a mtltartlit]atiotl  rrmlitor that uses

a q~lartp  crystal ~nmobalancc  ar~d art (Il)[i(i’1  S( ~lsot, NS”I Al{’s dia{;t]os[i(s  systcln is ham] on ]1)1 .’s

SLjcccssfijl SAM MIJIS distributed stt]si]~~:s)~[(l~j  ~IId isp](widcd, tllrou~ll  a conttact wit}l]l)l., by

Scict]tific,  inc. (l)S 1 ) .

'J`tlccx~>cricl) cc~ailJcd  dt)rit~g  fal)licJti(Jll(  J'tl)t } \4"1's At~(lallll  l'l'~Jtly  lcl~(; ,atldtllcrcsultsof

thclong-cluration and dcvclopTJlcIIt tin!\ it] i~’!]i(]  lhcsc unitiwcrcustx{ ~~roiidccl mcntial data for

llupjlcslilcctror~ l~yllanlicsl~ivisic~l,  (Ill 1~1)1.  tl,.c(]t,tract(  ~rs(:lcctcdt () SIt(J\~i(lct  }]cflig}lt  ion

tlmlstcrs,l’llJs, andlXHUs.  11}1) 1), il]tllrl i,s('((tc(lS1  >r(tr Ll~ll-As ttc)t(~l}  r()vi(lct}lcl~ClU

unclcr a subcontract. ‘l Ilis contrac( is lll:,~l+:cl.l I)! I.cl<(;  .

M()og, ll)c.,  S]}accl]ro[lucLs  l>i\risi(.)l~ :!l J<ljl'l ci,tlcdi tlt(~~rla [;tc(t]~ctltt(  )dcvcl()}>at  ~d~Jrovidca

qualified Xctlotl]3roJ~cllatlt  stcrrap,( Ati(l (OIIII,JI  s:, ,IcII) “J’lliSSyst(’111  (ll~LlrC 1~-8) CC)l]trO]sthC  flc)w

rates of Xcnoll  tothcion t}lrtlstcr’s(ll.tll:{r~:~  illzr]lwr asvcll as to tl]c tti’c~ I)ollow cathocicswith

high flow resistance flow rcstrictol.. ‘I I,(, illl,lt ~ tsstllu [(~tl~csc  r(stric[ (~rsi$sctlscd  hyprcssurc

trallsdLlccrs  lllotlitorcd\  Jytllc]JIIl~J, l?]li(l~ ~}})cl;{l  csscllt’t~(li([ vali’cst(~  lllaintait~ thcscprcssurcsat

alcvcl consistcmt with the thruster’s (~~):l<itllll:})(l)lbcr level asdctcrt~]incd  I>y a prcprcrgrarllmcci

tal>lcalldalgc)ritllrl~s.  ~’hcXcIJoI]  i{s[(]t(d  i], ~ IL p,ll-}~rcssllrc,  filalllct)t- \toLlt](i tat~kcapblcof

holdin~  83 k~ of Xcmol~  at sLlpcr-(  ri[iml c(lrf(lttic}]s.

At this writill~,  tllc NSTAl<systctll i.well l.tlcll~.’ay. ‘1 ‘I,c ~rotll,d  tcs[ prop,rall~ has Colllp]ctccl

ft]ll-]>(~u~crt cstswitl]t l~cF,M’l’stl]at  Ir’dcd ‘~.,lloo” ~~our$al]d l,()()()i]oL]l>, at]d is IJOVJ  col~cluc.titlg  at]

8,000  -}]our,  full power test witl] at) I.NI’I :1)11  a I ~11 P1)U. l’ri(,r t[> the st~r~ ofthc  8,000-hour test,

a cortqwchcmivc  review of all avail al)lc (la ~ I(ik(  i) frottl lcs[s ofthc tllr Lluct itdicatcd wear-out

rates consistct~t  with a thr-ustct Ii((’  w(1I ill { X{ css of the plat)txx{  8,000- hour duration.

JIEIJI)  and NJoog,  inc. arc ncarill{~ (tl{IIJ)l  li~l~ 4 I( the dcsi[;lls for the flipllt cquip]ncnt.  ‘1’hc

schcclLIlc for C;ritical l>csign l<cvicwf> aIId tol t}ll. tlclivcry offli[;ht  llat(lwarc  to the NM]) 1X-1

spacecraft arc S}1OWII it) Tal~lc 1:..11, lll~li(;!:  c(I it] I ab]c 111 arc the plantlcd  test prograTm  for each of

the c(>t~tractor-}>r(~vi(lcd units. Act c~,[ t! I( ( t (.ts onsis[  ()( fullctiot]al tc~ts atlcl a series of

ctlvirollrncnlal  tests dcsignccl  to \crify l)ctl(~lt[)a  t c and ~v(~rklllatlslli]~. l’rotofli@t  tests consist of

cnviromncntal  tests to c?cmonstt~lc  tl]t 1)1 1[’111  I ,ljtivc to tllc plc(lictcd  fli~llt cxpcrict~cc. ‘1’hc

Thruster q’hrcrttlitlg  ‘J’cst and the (:)’cIII If: ‘1 [,! t ~,)stitutc  tllc Icnlaitldcr  ofthc gt-outl~-test
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pmgratn. “1 ‘hc “)”hrustcr  “1 ‘hrottlit ~y, ‘1’c\t it a I(M)},  duratim) test usil~~ t}lc }]ardw~arc clcrncnts  shown

in q’ab]c  E-11 I and is dcsigt]cd to \’alI(lA[c  t IIC t’ull v.rvicc Ii(ctilm al}cl XCIICMI  throughput at rctJucc~

power levels. ‘llc Cycling  test is dcsif:jlt(? 1<} \:li[latc systcln  (qwr~tioll at fLlll ~mwcr  wllilc

providing a scrvicc cycle life of S,(WI (111/(Ifl  i ycl.(

“J’hc i l )-space por{i(m  of the NS’1’All  ],)t~p ,~l,i if il[t~ct~(l at r~lcas~ltit~~ (}IC  il]teraction  bctwcm the

ion propulsion systcm and the sparcct  aft, ii cl~ldil 1~~,  cfltcts (~11 the surlo[ll~(lill~  spcc plas]na.  ‘1’hc

NS”I”AI< diagl]ostim  package will dir(( LIy III{,,\L IL t]l(: ct~rJtarIlir~a[ior]  at)d p]asrna  cff~cts at critical

poit)ts o]) t}]c s])acccrafi  and EN41.  II) a~l(lil IOII, s,[cial17cd  cxJwrit]lctlts will rl]casurc the Mtcts of

ion propulsiot~  on corrllntll~icatiolls ( lr,,u Id [(SI t,~ hi< it]dicatcd t})at (J]c effects of ion propL1lsion

or] c~~rritl]tlllicatior~s  arc ncgligib]c;  tllc.c ill S;,<ic,,  ll~ca<Lttclrlcl)ts atc cx]wctcd  to verify tlicsc data.

R]cctrical  paralllctcrs  fiorr~ the ior) tl]r,]~[<~ JIILI l)l’(. J rt~cast]tcd  oI) t}lc s},acccraft during ion thrustc.r

opcratim will bc tranmtittcd to tl)c  p,ItIIIII( II) , {~t~jul~ctiot]  \\’itll [Iata t2kcr] froll] navigation and

tracking rrrcasurctncnts,  these da[ti will IN’  I {{(i to (orl~~)arc  ]wtfi)rrnal)cc data taken during  g-t-ound

tcstit]g with it~-fliglrt  cxpcricncc. ‘1 I]c L)l!I{ [ I\’c I:If this (orllpatisor)  is tl)c Ialidatior]  of ground

tcstins as either a “good” Sitnulalif)tj (,( i]) ,lJ,, (’ i ,}maLi(Jtl of atl iot) thrtlstct  or as a con.wrvativc

Ollc. If groun(l  testing is show) to \)c I. otis(  I r.tlivt , tllct) at] ~ttctllpl  to assess tllc dcgrcc  of

Cot)scr vatis)ll will bc tnadc.

I:Llrlhcr, the cx]micncc of intcfitat~t][; it, i(i ~ I,t(y  ,Lllsiot, systc])l  onlo  the 1>S- 1 spacccrafi and
. . . .

opcratlt]g  It dllrlt]g tlrc rnrsslon  flyl)}’ t(.) 7 I i .qm,t o I atjd a cxlrtlct lvi]l hc uwd to estimate the cff’kct

of incorporatiltg  an ion propulsiml  syst ( i II (It) I IIC I JIJ’J’ (dc~i~l~, dci’clo])rl~ct~t at]d test) and

opcratior~s costs of a plat~ctary ltlisfiorl

When corrlplctcd,  the NS’J’AI{ pt~)p,r,{ll)  \\’111 lIA\’, Ialidatcd  t hc pet fi)rillalicc of a 2.5 kW  ior]

propulsion systcrn capable ofopcl-~tioll  OICI aII il);,llt powct rat~gc ofO.5  k\V to ?,5 kW, having  a

scrvicc life cquivalct)t  to a throu@l]]u[  of 8? kf: of Xctlo]l (tcgatdlcss of }x)\~cr  ICVC1)  and llavit]g a

fu]l-power lsp of 3,100 s and ovcr~ll (([1, ict,: ! of )!~(fi,. ‘1’hif valida[iotl ~vill also }lavc shown the

rclatiol~ship bctw’ccn ground tc.stitl~~ rc,[ilti ,11:1 (11+ M ol)t~it~cd it) s])acc. I uTthc],  the effect of

opcratitlg  an ion propulsion sys[cr JI otI 2 ~Jl:I I(t<)r ! s~)accc t af[ will have }wetl awcsscd.  Importantly,

it]dustria]  sources for ior] propulsion, flip,ll( C( !IIII)IIII tlt will h2\’c bccII }mt it] ]Ilacc (1 II!IJII  for ion

thrusters, l]l)Us,  and IKIUS  and Al(xy:, It, {or >;(.t~oli }-,r,~~wllal~t stotap,c atld control systems).

Future Electric Propulsion Syst 12111s

‘J’hc ion propulsion systcm validated t ~Jr II IC lN\ I ‘)’ It p op,r<{t  Ir rcprcscnts  Itlc lowest level of the

pcrfbrlllatlcc  of which l]i[:l]-}~ctfotlllzt,([ c]( [I IL pt,}}~ul$iotl i< c2pa[Jlc. ‘1 ‘iIc ]wrfortnatlcc  of electric
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propulsion systems is oficn  charac([tiyccl  I>y it,. sJ1, {ific II]ass lcrtncd “a”, Ihat is the ratio ofthc

mass of the electric propulsion sysl(vn to tl] II IJXIIIIUIn }lc)it’cr  that systclll JJrc)ccsscs.  ‘1’hc a ofthc

NS’I’A1<  flight systcm for 1> S-1 is :~],}lrcl>.lll,~[{,ly ‘,(J kg/kW,  wllicll  includes propellant but not  t}lc

Illass ofthc solar array. I:or systc]l){  tlia( uu l)l{:)r(  t}lan otlc thrllstcr  and ]~owcr  processing unit, the

a for NSTAll could  1X cxpcctcd  to dtL)]) to z \Tal I IC of 3( I k[!/kW  to 40 kp,/kW.  l<clativcly

straightforward irnprovmncnts  to l}ic J+ S-I ‘},1{ dc.I\;IJ , silch ~~ (arl>[~tl-call)c)]l  grids to incrcaw  the

power handling capability of the ioti tl,tLls[( ( at, d [c, cx(cnd its lifctit)lc t)y a factor of two, could  bc

cxpcctcd  to rcxlucc the NS”J’A1< a l~y a f-if ({ 1] 1 ~f 2 t () 4. lLII  (her irnprovct  IIctlts  w(nlld hc cffcctcd

by rcclucing  the mass of the coltqtckllcllt\ U$I.  d (or ScnotI  p]<)pcllant stor~[:c and control, and by

designing  the solar array so that t}l{ v[.ll[<]~[(.  I,(CC (1 by t]l~ C](!(ltric  t~)r LIS(Cl  arC ])rovi(kd by thC

solar array directly, thereby rcplacili~; tl)t l)i’\ J u’1111  a dcvi(c  to col~figutc  tl~c cells of the solar array

electrically. Such a solar array colltl[;Llt<{\i(~i  4 i fr( ,lL]ctI[ly rcfcrrcd to as “dilccl  drive”. Such

technology advances arc cxpcctcd  to I tad lllti Iiat: 1)’ to all a of 2 to 5 for tin ckctric propulsion

Systcm. A sutlll~]ary of the cflcct (if tl]c~{: t~ clIIIolI)j:y advat)( (vrrmts 011 ~rliwion pcrf[mnancc  k

shown in ~;i~wlrc F-9.

‘1’hcsc i]nprovcrnm)ts  apply ditcctly,  likt tl, c NS I AIL sy>tt~il,  to ]~lal~c[ary  spawcraft  haling  a mass

greater than 25 to 50 k~, not i~~clttdill{>, I)tat ()] t]: clcc t t ic }lropulsiol)  syslc)ll. [’or  srnallcr

spacecraft, a llla.jor tcchtlology  (Ilallcllps  JIII ~tll{{ 1 to k.ccp tllc fiactiol) of tl~c s})acccraft’s  launch

lnass associated with the electric ]~][)}~ul~iol s! st( I] (01 a cll(mi(al ]~ro]~ul$ion  systcvn)  constant. ‘1$0

do so woLlld  require the mass of tl)c ]Jto])c!l{]jl S( ITA~,e atld cotltrol  systctll’s cmtlponcnts,  of the

PPUS, and oftllc thrusters thctnsclvcs  to dt ()] }}rt~l)orti~)rlally ~vith tllc reduction in the mass ofthc

spacecraft. Such a reduction iln]dlcs tll~ a]l,)l~ atmm oftcclltlolo~y advat)cctlmts not hcitlg  pursucxl

today.

Sumlnary

● q’hc NS”l’Al~ progtaln  will v:ilidatc  ]1( f[IIII) IICC 21 Id lifctir[lc of low -~mwcr  ion propulsion

technology for planetary tnissiolj a]~])l I,a~ ]otw

● ‘1’hc NS”l’AI{  progralll  is ot] sc)]cdLIlc 10 :+CCI ,t[ip]is}] it~ ol~jcctivcs at]d provide a flight ion

propulsion systcm for the 1“)S 1 s~~:i:r{  raji 01 t}lc h~ASA Ncw hfiillcrltliuln l’ro~ratn.

● I%turc  tccht)olow  advanccltlrllti  f(ll ( Ik( ~ri( I,rolu$iotl arc to bc ditcclcd at:

]’,I\:C 11 --  4/16/96 -  lAA, ‘J’urin, Italy,  June 2 3 ,  1 9 9 6
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Comparison of SEP and Chemical Propulsion
Asteroid and Comet Rendezvous Missions

Launched by Delta H (7925)
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- NSTAR Xenon Propellar]t Stu age and Control System
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NSTAR Begins a New Era In Solar
System Transportation

Mission
Performance -

S~!rxs 0? S9ace

!w?cu!g!?t  FA?4E3AR

2 to 3-Vr ‘~me~
!?endexvous

5 to &Yr Comet
Rendezvous

.
‘&C Griefs,  Seurne~!@

Eng!nes, cz = ~5 kg/kW
m NSTAR !on !%opuls!on,

\ \
0. = 50 kgl%w Advameti  ‘C%wwtrator.

Amys, CT. = 25 kgfkw

N2H4/MMH f
Leap Ahead

(!SP = 312 S)

m Thermal!y
lnltlated N2H4

(Isp = 220 s)
MON-10/MMH (!SP = 320 S) (Isp = 330 s) ‘

(Isp = 305 s)

Calendar Time
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Overview of Validation Requirements
Validate

Life
● Demonstrate a throughput of 83 X 1.5 kg of Xenon

Perkm=nance
* i~~ = ~“ .f~Q Csarw..
‘ Eff. Ovd > 55% h?wx. pwr.’!,.,

~~~~

e W-cwme %- C.5 HA/’ @ 2.5 :Kmf

lMeasure in-Space Interactions
Direct .

● Contamination, communications, EMI, plasma
Indirect

● GN&C and Mission Operations
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