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Abstract

Bregénted ure the results of extensive testing

of =wo J0-cm fon thrusteérs which are virtually
identical to the 900 series Enginéering Madel
“Thruster in an ongelng 15 OU0-hdur life test. In-
cluded are perforgiince dota for the nominal” Fulle-
powar (2650 W) operating point; performunce sensi-
tivities to- discharge voltape, discharpe losses,
ageelerator voltage, and magnetie baffle current
and several pover throttling techniques (maximom
Isps ‘faxioum thrust/poter tatio, and-two cases in
between). Criteria for throccling ure SpLuifiLd in
terms of the screen power supply envelope, thrustér
~operating limits; and control stabdlity,  In addi-
tlon redused requitements for successful high
-voltage ricyeles are prescnted,

Int:aductian

ThL 30 i diﬂmLtLt mercury boumardmtnt Engi-
neertng Model Theuster (EMT){(1-3) iy presently
béinyg -conslderéd for a variety of planctery and”
-near- Farth-gpace missions. (4~6) - This wvariety of

- .. missiong requires that the thruster be capable 6F

beiiny started,” throttled, and operated steady stite
over a ronge of input power. This paper describes
steady state thruster operation-and-performance -in
terms of input power, thrust, specific lmpulse,
control (including high vultugL recyclal7,8)), and

<kbEetime over.a-4:l.input pover rangej and dynanmic -
throttling over the" same range,” (fhruster start-"
up ig detailed in Ref, 7.}

Apparatus
Facilicy

The tests were condoeted 4n the. 3.0-m diameccr."

by i30-m lung chaumber of thé 7.6-ni didmeter by -
21.4~m ldig vacuum tank at NASA's Lewls. Research
Center, ‘The tank has LNZ cold wills -and: Was opei~
dted &t sbout 5x10~5 under lvad. The tlitusters
were mounted frdm the spaceéctafr simplator frame

uséd in-the Mulelple Thruster Arrny program da-

Bcribed in Re[. g,

- Power Processors

Lnboratoty supplies,

were powered by 12 60 hcr;a, lnborn;ory power
" supplies.
supplies wefe a lilgh -capacity; thiee phase,; full
wave bridge rectlfier design,” The ‘discharge, map-
netic baffle, and two. kéeper: supplies. ware Full
wive; "single phase reéctiffed d/c, sources; The sBii
rasistive heutara were pawered with nlnernating

_ Serlés resondnt inverter. All pf"the control

and throttling tests and some performdnce Eests
~ugze done With an SCR series resonant. inverteir
pover.processor. unit (ppu)- simllar: to -that. de-
geeibed dn"Ref. 10:
power Bupplies,

This .ppu-has’ 12 Flisht type |
While  the specific design, such

800 series destgni(12)

Host of che steady statei

‘The screéﬁ and. accelerator higd-voltage |

'fowci, P.

CRIGINAL PAGE. IS
OF PCOR QUALITY -

as oubput dempoedonce, of :the resisclve load supplies
docs not signifficantly effect thruster control or
operation, this 4s not necessorily true of the
plasma lead suppliés,  Thercfore, pertinent churace
teriscics of these five ﬂupplies are givvn in '
1ab1L I.. :

Fifteen enalog voltape Set peints were availe
wble for egch of the discharge cdrrent, beam cur-
rebt referdnce, scréen voltzaps, and moapgnetic baffle
opetraiing parameszers. These were selected to pro-
vide-15 distinet input powdr.levels, . fhroccling
wus perforped by externol fogle which sequentially
switched each of the four set points, The discharpe
corrent, beam curcent refergence, ond sereen volfage
were simuleaneously switclied direetly to thedir naw
vialués, The magnetie baffie current was first
gwitchéd to zéro and then Eo Lts neéw vdlue.

Tirustérs T

Two englneccing model 20, om diamiter thrusteps,

B designu:&d 5/N 802 and B04, were used for this in-
~vestigation. - These - thfuﬁtﬂ:n -Hers

equivalent-to- tha-
900 series thruster of Ref, 11 in all areas affeect-
ing thraster performance  and th:ustcr-ppu fateriaee ~
requirepents, These modified BOO seyies and the

900 gerdusi.Thrusters evelved from the 700 series de-
sign which-sris 1ife tested in 1974{2) for 10 000
hours. Vibration tests of the 700 series thruster
netessiftare? sdile _gtructiural chdnges leading to’ the .
The 1ife test of Ref, 2 dex "
fined several wear out modés widch required modifi-
cationg, . Thege modifications wete deteridned by a
geries of tests performed at Lewils Research Center
and detéiled im Ref. 3,

Other changes ineluded the changé of the cath-
ode insert design from 4 rolled tantalum Ffoil type
‘to mi dbpregnated “type. td provide -bekctdr néucralizey
closed ldop control and overall component quality
control. Thé heatér type was chaiiged from the
flame-sprayed design to a swaged consEruction, (2)

 These wete the majoy wodiffcations tb Ebeﬁ?ﬁﬂ"-i

jaﬁd 800 serics thruscter desigi of Ref. 12 which ro-
“sulted in ‘the current engineering model (900 seriea)

thruster degign,

Results and Discussiun

Four basic parameters are no:mally uaLd to
evaluate thruster performauce, .These are -the output

~rperformance’ patamerers oit (1) thrust;-T; (1) ‘spe-

cific dmpulse, Teps £3) total Lfficiency, nys and
the input performance parameter: of total "input
The equatidns; asgumptions, and npp:oxi-

e a}:q:oizm'li.:;c..= The.-on
rating parametu:s which appedr in the

. petfdemance’ caloulations (see appendi®) were beanm

current; Jg; stresn voltdpe,, Vi dischadfe c@anber
losges, ey;- and total prupellant Flow rate, m;.
first thy -”1ramecurs can -be: selected and held
‘the :poer Ssor,”  The mass Pars

e, “Hows - e
_every is a'Lunction of several other uerating




pirapeters; speciflcally, discharge veltage, &Vy;
aclelerator voltage, Va; dischiarge -losses, cp; and
cachode tip power (and terperature}, Pep, and mdg-"
netic baffle evrrent, Jpy, Tests were conducted to
deterpine the varlations of performance parameters
with changes in vperating porameters to defing the
operating poluts over a 4 te 1 range of input pover,

consisting with thrustey lifetivie and eontrel, fol--

lowed By an Implemencation of several chrotiling
profiles and schemes. -

Thruster Performonce - Stuady State

Cathode tip Eougr. Th:ustLr testing of an dm--
preguated insert recessed 6.3 mm frow che cathide
tip shoved poorer pecformance compared to tests with
a rolled foil insert, DBecasse of the difference in
the thermal characteristics of the two insert

types, tests were conducted to determine the -
effeced of cathddd témpeddture on thruster perform-
ance, Fig, 1 shows the effect of cathode tip power
on propellant flow rate at a given dperdting pbint,

" Addition of tip heater power did not signiflcantly

affect cathode flow rate, but did redude the nain
flow rate with a corresponding increase in utdliza-
tion efficiency, This Lmprovement in performance

- wos due to Improved émdssion characterigtlies re«

-sulting in a reduced -cathode-sheath voltage drop ds

characterized by decreasas of several volts in the
cathode keeper voltage: ~As discussed i Ref. 14,
such a sheanth voltage deciease results In a net in-

crease in électron enecgy and a subSequent increase
in che fon peoduction rate in_:hL dischargn and,” *
hence , fmprovid performance. .

Rathér than operdte with the heater supply

" constantly en to uaintain suEficient cnthode

dnsert tépperature, the insert wag meved forward,

" operation was uiidesizable: beat

. the dischar,

~the appandix.

_ beam wiis 367V,
' age would further idg¢rease expected lifetimes:

ELush with the dathbde.  Thi¥ rebulted in fncrensed -
cperating temperatuiés as shdwn in Ref. 14, 'The
performance of thrusters-SN anz afd -804 with this
insect posltion-is showa-in rig. 2,7 The maln pro-~
pellant flow pates are virtuslly the same fox both
thrusters when opcrated atk- the same - cathude flow -
rate, -

Some s1ight-variations in thruster pérfdrmqncé
were noted when catliode tip heatér power was
applied with a flush insert, However, this mode of

pover requiredienes and complexi.y and da-a. reBnlt
was not invustigntLd

" Discharpe voltape and -logses. - Two operating

.pdrameters which directly: effect the mdss’ flow rdte k 2
* _tion commoiily Téferred to as "low mode:®

and thdérefore the ghruster oubtput paraseters dre .
voltage, AV., and the discharge loss-
Y gvtion.détails. the- cefteria for the
salacEi of these twe parabiefers-and exdmines the
trade between discharge -powet Tequirements and_pro-
pellant mdgs Llow rate,

- Tatilg-TL " thie variation of Flow rata id
toral efficleficy [6¥ chafiges in . &Vy -and ep “at .a
sereen voltage of 1100 volrs-afid beam cirFénts of
1-and 2 ampd.- The total effic¢lency was caloulated.
uslnyg the thrust cnrrectinn factors as discuSSLd in

| 'Based orn thL lifatima prnjections of ReE. 3,i

the " maXimums dischatge “voltage consddared’ for.a 2 A
‘A’ teduction of thie dischirge vole=

eigney can b wmaximized:

“of the additional. ;"

ds:increased to maintain.a, constant beam-cittant;:
“aiid" the ptofellant utilizatiun efffciency decteases
] eyidenced By ‘tha increasins impingement current
cAn Fig. 3,

" But,” as -shiown in Table IL, a 1 V decrease would

alsg dause a total efficiency decreag~ of 0.015..
iy 18 the most sénsitivs tovadl effléiency varia-
tiow shown in Table II, AE the 1 A operating
point, the sensltivity i8 2.5 times less,

The ddscharpge veltage was selecced as 36 V
over the oparating range based-on tie fnllnwin&
considerarions:

{1 Sigﬁrﬁieant total effiéiency penaltiés of
as murh as U.015 pereentage poines/V bé-
i lou 36 V at 24 ban . Tf

(2) Exchtui 1iE¢.t.Lm pt.nnltius duo to nputtut
arosion at discharge voltages in excess of
36 V at 2-A beom

(%) An dverall simplificacion of the control
philogophy when using a single discharcge
vnltﬂgL set polnt nvur rne ueratinb rnnge

(4) A lack cf per[ormuncu wensitiviey to dis-
chr.rge voltage ar the 1 Avbeam current level

As ‘.he dischacge losses aré increased at con-
stant digcharge yoltupe, and bedm current, the .
grilizacion efficiency iicrédses as- the power effi-
ciency decreasés, Sinee the total eEficiency is
propogtlonsl to the product of the urilization and
powér efficiencies (consistent with the ussumptions
detailed 4n che appendix), thare 1s a trade between
‘these two éfficiencles by which the total éffi-

Opetation neak this maxi~

mum total effislency 15 one consideration in the
selection of the discharge loss operating point.

i There are cthef"fnctors which affect maximum
=andminimum dischargL loss- dpeFating points.,

For
example, a praciical moximum at a 2 A bidn cubrént
can be expressed in terms of a maxdmum emisaion
current consisteént with demonstrated. cathode 1ife-
times. Another consideration must be a trade of

: power supply cdpability and weight-or design..
- “These Factors have resulted in a selection of

198 e¥fion as a2 A beam maximum discharge loss
operating poknt, Table IE shows increases above
198 eV/ion to 211 &V/ion (6.5%) to increase cotal ~
efficiency by less then 0.005. Similar increases
at-a-l A-bedm curvent sliows’an incrcase in :otal
eE[iciency of less. than 0,001,

The. mitimum diScha:ge losdes dre govarned pris
marily by the ability to maintain closed loop con-
trol of the discharge, . Fig, 3 'illustrates a condi-
As the .-
distharge: losses are decreased, the main Elow rate

Evéntudlly a point 14 teachéd where the
bean currént actuslly begins to decrease with in-

cereédsihg flow, resulting in a runavay conditien of |

the: matf flow rive coiitrol, Téop "and ripldlyin
cidasing impingement currents. Tids oecurs At
~180-eV/don for a 2°A Beéam current.in Fig, 3.

value of this ndnimum eV/ion was: about. thé fame

The

) over the.throttle range:

The “déEinitdon bE ‘hdnimum eV[ n'ig” arﬁi-“"”J
travy, buf the operating poinc must be oelected to-

provide ample margin So. that finog pertirbatians,:
dFifeing; or aping cannot cause the thruster to go.

into lgw“mode,

SLlEttiﬂn oE the 198 EV/iun aperat-




- duced povwer operation. -

_duce the nugber of thasé fons;

ing point provides a margin of sbout LG¥E,

The duta ¢t Teble II show a siguificant de~
eroease in the total effleiency gadu/(eV/ion) in go=
ing Erom 198 to 215 eV/ion ab- opposed to going from
185 to 198 eV/ion, ‘his supgests that the 198 eV/
{on: opurating point (at-1-A-beam) iy near. the point
of maximum total efflelency as Alscussed previously.
Further increascs in discharge losses weuld be ax-
peetad to décrease the power efflciéncy faster than
ineressing the ucilization cfflcienzy, thereby rea=
sulting in a decrease in the total effielency.

Thiere does not appear to be o swignificant
reason for Inereasing the discharge Josses de re-
In fact, sigpliclty of ‘con=
trel agaln presents d strong argument for throt-
tling at -constant discharpe losses of 198 -eV/ion,

Accelerator voltage. - The primare purpose
of aecelerator voltapge i< to prevent “electron
backstreaming,, However; several other factors

~ concerning accelerator veltage have been observed” .

to affect thriusrer opevation before backstreaming
becomes an LffEct.

Reducing the aceelerator voltage  forees opera—
tion nearer. the pervéance limit of the extraction
system, This-linit {s defined as that accelerator
grid systen voltage/current operabing point wizre -
the ion foeudling is barély adequate to prevent di=
rect fon inpingement and ig shown.in Fig, 4. ‘Moving
the operating point neaver tihe perveance limfc

~affects total éfficiency,” peeeleragor grid Lifetime,

and increases fon defocusing resuleing in Incrdased

- 8puttering of duwnstream cumpnnuntﬁ.

Table I shows a slight affEit of achILrator"

voleage - on total efficlency. Decreasing the accel- .

erator voltage From 500 te 300 V causes-decreases-
in total efficiency of <0003 at 2 and 1 A beam

[ crkenes, - Tils-decrease ds due entlrely to a de-
“erease in the propellane utilizetion effftidncy,

There.are several r2asons for censidering re= .
dueing of the accelérator véltégﬂ and dcedpeing the
decrease 40 performance.. Ref, 22 shows better

n_fucusing of ions Erom a typical,aperture nezi the
cénter portlon of the yrid.

Tack of focusing (or
angulay. dispersion} is one possible cause of the
chanfering of the upstvedm édged of the acnel;rator
upertutes as noted in the 10 000 he test of Hef. 2.
Anothe: Teason involves ions which 1eav; che “'
peripheral grid apertures at anglés ag’gredt-ab 80°,

" Reducing-the, acédlérator voltage also serves to-res

13} Hiph anijie ions’
are the most probable ciuse of ground sereen and
neuttalize: erusinn notegd’ in: the 'life test. (

mThe measured charge exchdnge erosiun rute on the

10:000 hy. grid of Ref. % -indicated d fotential..
préblets if -gridiiiferims. oE- L5 000 hrs are dasirad
Reducticn of the jacceleritsr voltage £rom 500 to 7

:300 -V, ediild-réduce the: sputterilig race of,the grid
| by asmuch’ dg.a factor of 2 - : :

- oteniring -ak : .
. point (36: V) and’ the hegative slopes of the curvgs "

.ove Y bg“zhlﬁ to operate. i

within the discharge chamber via the magnecic

baffliz current daffocts the performanceé and -con~ .o
trolakility ever the throttling range, Improper o
gét point con caude dischurge instabilicies and

sttendant control-problems, excessive cathode

propellant flew rate and attendant eputter ero-

sion of -discharge components, or chunge 1in the

eharacter of the discharge oscillations. The

tests describeéd were feiipned to eseablish thi

eriteria -for selection ol the mapgnetic baffle eur=

rent set puint ovar the -throttling ringd,

Tie bHasie. result of a charge -In -the magnetid
baffle durrent ix g shift in the discharge volt.

.ampere chazacteriscic in much the same way os u

éhange in.the cathoda propellant flow rate -shifts
this chardéceristie, Thus the wagnetic baffle cur-

= rent 1s a mesns to set the cathode flaw rate,

which , as-seen 4n Fig, 2, is the parwieter which-
must bL specified whun defining or comparing th:uﬁ-
tér opetation -and perfarmancL.

Fig. 5.shows the vurintiﬁn of discharge volt-
age with cathode flow raté fop sdyarsl magnetic -
baffle currents: These eurves were generated by .
slowly varying the cathode vaporfzer temperature
open loop and recording the cathede vaporizer -
tenperatyré-discharge valtage, Subsequin€tly, the’
cathode flow rate was anBurnd Bt a dischﬂrbe volt=
aga of 36 v,

The disvhane nperution of Fig. 5 can he
divided 4n Faur regions at a discharge voltage of "
36 V'

(1) -Low flow regiod, i < 80 mA

(2) Normal operation régian,: 80 mh < ﬁ;
< 100 @A - R

(3) Bistable operation r25ion 100 h € ,
< 1207 mA

| ¢B) High Flow reglon, 120 mA < mc
In the low flow reglon, the flow rate/discharge -

voltage eontiol’ churdcteristic is wonsstable, bue
the pain iy suffiuiantly high to cause cnntrnl

. Umiteyéling and bunting inder- some” citoums tantes,
| Thiese coneidérations ate discussed in Refy 16

Fig. 6(&) shous oscllloscope traces: for low flow

" pperdtidn, “Note the large amplitude ‘low fréquency - -

vandom \type spikes on the discharge ‘current and

‘woltage: traves, Tils is dccompanied by lazge eur--

tent ‘spdkes’ on the. cathode vaporizer cyrreit as- “thie o
controlle: tries to; trnck EhL ﬂihcharg& voltagu.

Ehie norm51~ueration rcg;nn,is shiown’ in

. Fig. 6(b), Discharge voltage and curfent and. beam
‘clrrent are perlodic and free of large amplituda
spikes. * The control charuL:eristic slopa:- of Fig. 5
.4s reduced from the low Elow region and stable con-

f"trol ef thL disuhargn voltaga- is readilv achieved. =

ThL bistab;e region has twa apcrating point:,
ejintersectinn of -the- désived: sef -

of Fig: 5. ‘Any-minoc perturbation. can cduse a
sﬁitch from anie oparnting point to another

High £low: uparntion is shuwn in Fig. GCc)

dre oo 1arge rrent-or voltage spikési but
the-escdilations dfe’ tandom and incohdrent; Mords-
ve the double valuéd




LEhe assocdated tonttel problems.

120 eq mA.
suited-for-a aunnd" state-get-poiat s thenormal - -

" pertion would require cithode Elow vates of -

4.130 A (eq) or wore.

Low flow operation iz not desirdble for sev-
eral veasons. Lorge current and voltage spikes can
opdversely effect projected lifetime, since wear
vechanisms are nonlinear with céurrent and voltape,
Tiese spikes also mokd it wore difficult fov el

" gathede vaporizér control loops to malicaln & eon-

stant d,c. dischavge volbage level., Fucther, these
varidtions are potentivily sources of condusted and
rudigted noise since they do dnvelive rapld switeh-

ing of relacively lorge currents and volthges. The
- nolse preblemd agsopiared with the-low flow vegion -

are unknown ond dLfficult to assess, but thdy weuld
prabsbly impose sipnificant fileerfog burdens on
the power procéssor.  As a result, the onget of
discharge cherber cselllations ss shown in Fig, 6(a)

represents o practical pdndmum achptnblc magnu:ic-f

baffle operating current:

' Bistable operation-ly undesirable because-of
the wncertainty in the mignicude of the chthode
flow rate ot the controlled dischargd veltage and
High cathiode flow
réglon is undesirable from o lifecime viewpoint.:
Ref, 3 indicates intemal discharge chavber evosion
to-be a slgnificant functlou of cathode flow rate.

‘Erogion rates increased by a Factor of gbout 1.5

when the cathode flow pate incredsed from 80 -to
"Thus, the replon whith eppedrs best

oeratiun repion,

Fig. 7 shows the ef[ect of nngnutic bnfula
current on thruster performance at a dis¢harpe vole-
age-of 36 V and dischirge losses of 198 eV/ion, "As
the magnecic baffle curreat is dncreased threugh

" normal speration, ‘the cathode flow ‘eate increases'

and the main £low rarve decreasds, such that the
total flow rate remedned nearly constant, As @
result, the propellant utilizarieon efficiency
throughout the normol operation reglon varies less
than .0,006,. In faét, the total variation over ull
four tagions is only. 0.008:. . ’

Based on Ehe conclusions From Eigs. 5 through
7, it ds apparent that specifying the limits oF. the
nozmal operation raglon is sufficient for specify-

Eging the mBgﬂLtiE baffle curteut =incL (1) this

"sidLrations and {2) the thrister performhinee is rnl—

atively- insenedtivé to variations In magnecicé baf-
fle ewrrent, eschinlly in-the normal uperatian

i rcgion

Sereen voltage and clurrent. ‘The propesed

-mission. g€t presents ‘several -genctal Tequirements - -

for the 30 .em thruster operating point, These
are (1) specific impulse-of -3000 sec ac £ull
powet; (2) a maxdmun inpot power of 2650-W,7 and

- {3) the capability of thrutnling over an inpu:
. power Tange of 4:1, -

Tthe Eirat two poincs rnquire,maximum oeratinb )

1imics for: the -screén voltage and current of 1100V
and 2 A, respectively, thus speeifylng the power
supply envelupe. Operation ak /4 power eliminates,

"', from' consideration: dny sérean: vultage/:urrent steady;

state opetdting pofnt :esultlng in power. less ‘than -
662 Wi Tite. Feam cutrent capability of the extiac— -

‘tion: systen detetmines the ‘minimum suréen voltagd.

Operation beluw GDD is generally umatCractive for

.sible operating peints.

otlons of mass flow rave.

T ergase in poner
‘mueeffledency a
v ltagL of llUO V.

", 8upply- opérating: ervdlope (Fig. -8).

any beam current In exces# of 0.5 A and 6his mind-

mum screen voltage fnceeases with increasing beam ¢
curcent i order to maintein adequate prid perves

apce {Fig., 4). Steady state operation at uny

- sereen voltape/eurpént set points within these

lipitatlons- 18 acdeptable’ for achicving a 4:1 input
power throttle range. It is, however, necesspry to
evalyate the effeck of the seréen voltage/cureeént
set pointe withiin this cperating envelope on the
‘thruster perforuance parameters,

Fig. ¥ shows the Vy vs Jy map of permis-

The lines of constant i L
power Were calculated using a Fixed digcharge loss )

of 198 e¥/ion and flxed power lessds of 50 ¥, The

mindoum pervesnce limit 46 determined by including

thie Vror vs Jy relaticnship shown in Fig. 4 and f

uasum&ng an uccnlcrnto: voltape of 300 V, Thus

Y1 = Vaor

= 0D = E(JB) - 300

1f-the- sedelerator voltage 1is inerLanLd, the

sereen voltagée cantbe decreased by approximately an
oqual-increment, o The perveance Limit fn the Fig: 8.

-provides no margin, And 4n actdal pracrice bpera=
tion on this line probably would couse same sta~

bility and control problems.

The thrust is also a Eunctiun of Vi and dJy :

“only, pekmitting lines of cunstant thruatlpowar .

vatio to be included in Fig ..... = Howavnr, the gpém.. ... ..

ciffe imwpulse ond total LfEicwency are alse Fune- ,
This additional inforpa- et e

tion must-be considered in evaluaring i particular

operating point wichin the envelepe of Fig.- 8.

The méasured propellant utilization efficiency,
specific dmpulde,-uand- total:efficiency at’ various

~{nput- pover-levels: aré -shown 4n-Fig, -8.and Table

ITL, -Note that the propéllant utilizarion effdi-

" -eléney 45 not 4-strong funztion of the voltage/

current brade-abowe 1/2 “Input poier, Below 1/2
power the.meazured utilizatdon effielency decreases .
mare: significantly vith deercasing beam cupredt, - -

ThL specific imnpulse ac tonstant power ia SLén.—
to vary mondtonically with iucreasing voltage and
decraasing current. Even ot 1/4 power; the effact

“of a2 500 V-chinge. in. sereen voltage has A greater .
“effdet on:che specdfic-impulse . than the measticed-

change in utilizatien: efFicliney, Sim;larly, the
increase dn propellant uetdlivdtion cffieleney

-vealized b¥ inereasing the current and decreasing

the voltage is.never great enough to-offset the de=
Eidiehdy, -As'a restilt; the. maxi="
IovE piécurs at the maximum Bekeen

Thure are, - howuver, other faators kd- be coRo

" sidered 4n selecting a sec point;. especially at tha

lovir input power levels where. contfol -can be a
majnr coneern.,

- Fig. 9 shows uscilloscope trdces of discha:gL ) f{

=vo1tagc and cuvrenc at 1/4 pewer opetating peints,

Tthe fwo dperatdibiz points shown (1100.V, 0,47 A;

605 ¥, 0.76 A) are the two limiting cases of: the
valcage/cu:rent trade—off determined by the power
“The ddedilaz-+
ciong. at 047 A beam are nonperibdic¢ and taddom
with pedk to peak current,variaticns of ~4 A abnut
a d.e, 1eve1,of 3.05 A, .




The voltage shows some peaks which approach
20 V above the 36 ¥V due, level. However, the os-
eillacions dc the 0.76 A poin€ are agmaller in mag-
nitude with a definite Ercquency of =3 kHz, Fure
ther, strip chatt recordings of the two vaporizér
currents show significant increases in thi noise
components of these currents for the 0.47 A beaw.
This is due to the control 1lobps 4Gbtenpr.to cdntrel
the apikea seen in Fig, 9,

Another réason for cnn.aidt.rim, thi_ 600 v,
0,76 A point for 1/4 power is the thermal dnt:n of
Table "IV -{sea alse Ref, 14).. Although no problemy
have been experienced due te a’ ¢ool feed system,-
the 10% higher isolator flange temperatures are an -
_advantage since they reduce the probabllity of re—
quiring isolator henter power in any thermal en-
vironment, . '

The some argument also applles to the proba-
bility of requiring cachode tip heater pewer singe
the higher discharge pewer and curpent signifi-
cantly increases. theé cathode self-heating. (14)

". Althtugh, @y will"Ue-seew, - throttling At saxi- -
inum screen voltdge 1s possible, a2 qualdtative
Zassessment of thruster speration . supgests. thac
" ‘strong preference e glven to’ throttling by reduc—
ing the screen voltage as well as the beam turtent,
at least nt levels belew 1/2 power. -

Vaporizers, heater, keeper supplies. - The
~ selection of the operating paramecers of' the re-
madning eight supplies do.uot sipnificantly affect
the thruster performence parameters, but a brief
description of t!u..se supplics i8 presented heze.

The three vaporizer supplies are normally in
cLlosed lodp proportional-control, and -as such. hdve -
their set polncs controlled by nperating parametes
of other Supplies.

“Thie three heater gupplies, cathode tifpy, nei~ .
~tralizer tip, and Isolator sre currently used only
‘for.start up and normally have zZero ouipiit during
steady state operation, .

The cathode keéper supply.aids dischdrpe sta-
bility at low discharge current and during recycle,
This-supply is operated-at 1 A with the voltage un=.:

" controlled.’, The gowver conbumed rdngés from 5 to
99, typlcnl over the throttling rangé die to. vari-

__ut'.f._o:_l of" keeper voltage with ‘beam eyrrent Set:polaty -

The neutralizer. keeper was operntt_d at 1. BA
Cifor all beam-ciirrint levels: Alchough-the neutta"l—
izer keeper voleage vs, mass E£low ehafd
was-not mapped for ‘these teses;other tésts-hadve ..

indicared that a keepar-vaitagd of 15 V¥ resulrs 4f :. -

magé Flow rates of ~30 equivalent mh at a 2 A beam. i

- -A= the-beat current-is rediced, the-neutralizer
keeper voltagé det paint gene:.zllly hag beén in-
creased to sbout 17.0 V to maintain stability and
1oy meitralizer -flow pate. :ThéSe néutralizet opér:

) ating- ednditions were - assumed for calculatiom. made
inthis papf_r.

Dynamic: ‘rhrn ttling

_' rhE previous scctions have defined the. of: ~__-'
‘teria for selaction of all thruster steady state
. 7 operating patametérs, "This section dnvestipates . -
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-of 0.9-A.

- to 662 W.
" the sereen Voltage a8 chown in Fig, 10,

~Input pover.
‘beam current as-shown by profile 4§ of Fig

QUA;L;M‘! Py

the fi}numic suquencing of set pofnts over sevaral
throttling profiles covering 2 4:1 inpub power
runge, )

Four throtrling proflles - were selu:u.d for
tesking, These are shewn in Flg, 10, Profile 1
malotalne o constunt scgeen voltage of 1100 ¥ over-
the 4:1 input power ranpe, -This maxiwizes both
tntul effieiency dnd specific impulge, Profile 2

a8 identienl to proflle L down to a béam Zurrenc
However, dus to the prefercoce of redue—
ing serteen voltage rather than beam current to :
ateain stéady stute operition at L/4 powver, pro-
file 2 was selectéd . fo reduce bath voltage and cup~
rent below 0.9 A as shown in Fig, 10, Profile 3
was selected as a compromise profile in which the
beam current was decreased from 2,0 to 0,76 A pro-
portional to the decrcase in Input power from 2650
Thé ‘delection of current and power fixed
Profile 4
was ah attempt to -throttle as close to the perve-
ance Limit as pracdeical. This profile represents
d maximum thrust/power ratio at.any given thruster
The minimum screen voltage at g glven
« 10 was,
determined by the stability of the proportisnal

-control loops and not by.a thruster gperating limi-
-tatdon.-

iImptoved control stabiliry(LB) should per=
wit opération closer to the true thruster Iimic

" pepresénted by the -perveance- limlt shewn in Fig, 10,

Onee tHe WEfeen- voltuge and Teim EWEFENC had
been Gpecified, it was. necessary only to speclfy -
the magnetic Baffle curcent for each:opeérating
point. The ceiterlon used was to maintaln epera-
tion within the normal operating range as discussed
previously, Variation of the magnetic baffle cur-

-rent dt various operating points resulted in the
* maslmif-minimum 1ind f5 For-éach 6f the four pto-.--“- -

files. Th(_EiL normal anrnting an.lopes are shown
in Flg., 11, - - -

The -effect of decreasing the screen voltags at
a given béam currént is’ to shift. the eéntite normal
operating envelope to the highet magnetic baffle -
currents; This is especially evident when compar-
dng profiles 1 and 2 to profile 3, The difference
between profiles 3 and 4 was found to be very *
slight. Also note the naxrow, double-valued por- -
tion of-the profile 1 envelupe below 0.7 A beam
current, The uncertainties assceiated with control

- in thié region re-enforces the preferénce for, d

throttling -profile whieh réduces the scroed wﬂ.taga ’

while ‘maincaining Wigher beam durrents,
“#ich the definition of the 'bperétiﬁ':g ‘enve-

lopes, an atbitrary magnetle baffle currént was

:selected near mid-range: over throctling pEoille 1o -
“The first attenpt to throttle up from 0.9 €0 2.0 4
_béam revealed no problems.

However, when the

throftle. divection was reverséd, difficulties were
experienced, Fig. 12 shows strip éhart recordings

_of the eritical thrustér nparnting paramiters dur-
ing the throttle down.modé.

At béam curredts below.
1.6 A, there appears o lnrgt. inerease in discharge
valt:agt_ during ;the first cycle of-the eathode
vaporizer contrulle.r. This reSults dir:_ctly in-&@

__nnisy bean cu:tent uonditicm.

~In o:der to ann‘ly this operation it must be
regembered that the inttfal dmnge in elecerical -
éperating paramecsrs is done at effectiyely con=
stant’ Elow rdte, Thus whern thé emission current 15
décredséd, the discharge voltdge décrcases, The




proportional controller bepine to deerease the high efficiency and speelffe fmpulse, the latter at
cathode propellant flow rate. However, 1f the mapg~ high thruse te pover ratlo.

netie baffle curcent, eathede Llow rate-operating - 7 i i
point is too near the minfmum boundary of the oper- Profile 4 iz of 1nteresc only where thrusc is
ating e.nvelopi., the.octusl set point will momentur-  co be maxiedzed for a given power inpuc, since this
11y move out 'of the envelope gnd inte the low-cath-  profile corvesponds to minimum efficlency and ape-
ode flow operatien, althouph dventually the control  cific impulse over the throctling range. Efficiéncy

loops. will settle withiu the norwal opcration penaltiss con be as much as 2% or more nesr the 1/2
limits. This 4s not observed when throttling up - pover poink, An addivional disgdvantage of this
since the argument is revevsed, dlcheugh transient’ profile iy the difficulty of control,

toperation In the high flow replon may gecux: .
) ! ' High Voltape Réeycle

The lopact of cven momentary operstion in the ] -
low cathode flow region is difficule to assess. - + 'The high veltage recyele profile of the power
Thare 1s, however, porentially a significant effect - processer used in these tests qualitatively iz the
on. power processor andfor spadecraft nplee sugcep-~ gume a8 the profile degeribed in Aef, 7. The dif-

l:ihility and Elltering copstraines, . ferences in these recycle profiles will be discussed
later, - Fig, 15 shows a typleal reeyele for a4 274 7
Although it is possible that z control loop beam current, When the ovércurrent condition is
modificavdon could redoce this problem, the mest 7. - sknsed by the powed grocessor logle, the hiph volts
direct ‘solution was found to be raising the wag- . nge supply is turned off, the discharge eurrent ro-

netle baffle current.set point in the problem area dueced, ond the newtralizer keeper current (not shown
of the throeeling profile, - By incpeasing the mag- in Fig. 15) increased. After 150 msec, the high
netic baffle currenc set point by as much as 0.3 A valtage is commanded on, and 20 msec after that, the

in the reglon from 1.6 to 0.9 Albeaw current, this discharge and nentralizer keeper currents are fop— -

ptoblen was ¢liminated, = . " manded buck to thel+ zun levels., The total recycle
sequence is complete in less than 300 wmsec. Since

; an fteraotive proeess of gelecting magnetic thiis is wich Faster than-the therial résponse of the

baffle curfedts within the norcal operating enve- propellans feed systems, thére is no nedd for

lope of Fig, l). wag cartied out For each operating changes in the vaporizser control 1oups or heater -
set point -aleng &1l four profiles. The ser.poilnts - - pet pointg: :
“defindng-cach-of-these profilos.ds glven-dn— — . 2 . ‘ ;

-‘fable V. 'The dynamic- throttling- resules are ) Tlu. rcc.y::lt. u:_quenc(. dt.sc:].lu.d was.verified
1llustrated in tiie strip chart recerdings- of over the four throceling profiles of Fig. 10. This
.. Flpg: 13, Each of these profiles were repeated -for was donie by momentarily shorting the accelerator
time dncredents of 6.3, 22,5, and 38,9 sac in dddi~ - supply; cawslig.electron backstreaming from the.

tion o tha"incérement of 14,4 sec, shown. No.ef= neutralizér to initiate the overcurrent command and
Eecl: was noted for t:his vari'htidn. - begin the recyele sequence. . The current in the )
. : o -. shorting path was sensed .to trigger the fiyst osell-
Thruster Eerformanm. - “ﬂlror:.l:ling n lescopi which in turn t:ribgerc_d thl' &er:cmd scopa;
Fig, "10 hak shown: the’ variations of thruster” - "igs 15 te 17 show the Feeyele seqience for -
pecforimance parametérs throughout the operacing - - the eid polits of the four throttling profiles of
envelope, The previovs section las demenstiyated Eig, 10, 1In addition 2 intermediate points (not
four profiles over which. the thruster opetitdng * " shown) were verdfied for ench oE the fout thl:nttling,

parameters can seccessfully be sequenced to achidve profiles,
a 41 chonge 4n dinput power.. Fig. 14 and Table VI

show the varidtfon of the performance parafiéters 45 ¥ Althgugh- the present recydle and-the recycle of.
the thruster operating parameters are sequenced Ref, 7 are qualitatively the same, there are some -
-+ oVer each of the-four pro filea. T ‘slgnificant quantitative differences which aze a.
i redult of the specific control logie dnd power supw
4s noted before, profile 1 shows the highest ply deésigns and limditarions. The wost significant
totals efficit_ncy and specific’impulse over the 7 - - - power supply difference 18 4n the high voltagé sup—
throgtling rahge, Profile' 2, however, does-aot © plies: These twé supplies iW ché peesent power :
-suffer a large effieiency punnlt:y At the low thret> processor aré inherently curient limited, Thus
rle points ag -does prefile 1.. At L/4 power the trangient -arés. at the thruscer tend to Hcbme ED R
- diffeyence in total efficiency 1s less thanh 0,01, extinguishing os thé supply voltages load ddwm,

- There 1is a specifie iwpulse penalty réilized over. This 1s.seen, in Fig. 15(b}. . Approximately 2 msee .
the Jower 1/3 of the chrgccling profile, amouitifig- . aftér thé sipply-is turmed @n, # beaw- current tgans -

to ~19% at-1/4 power. -This- gpeclfic impulse . slent oceurs, loading down the high voltage supplies
" peéndlty- nAy- mean inereased propéllant weight,-but ~until the transient dan no longér be sustained, In
‘call be traded apalust 'z 19% Incresge in the t:hrust'f * ‘the-cdse of noneucrent limlted: supplies; as dn-
:power ratlo., 'The dignificant ddvanl:uge of pro-— Ref, 7, the supply will try to maintidin a consStant
file' 2 iy miick better control’ as compared l:o pro- = voltage ) thereby.sustalninyg the dufrent transient
file 1. - i * untll éxteinal avercurrent protection elrcultry gun=

; erutes t:lu. nppmpriate supply off cummands.
- Erofile 3 does- pruvi.de a:pood.. al:l. afdund cmn—‘ ;
promise. Efficinncy penalties ére -less than 4

i Anot:h(.: sighificant difference is the “dda-

percéent and the thrust-to power ratio is sfpnifi- .  charge supply cutput impedanee, With an outple,
- ‘cantly increased over profiles L.and 2 over «thé ~ . choke in’ the presént supply, discharge curcent; 6e-
lover 2/3 of the throttling Tange, Firther, ac- ecillations are significantly Yeduded. This pep=’

-+ ¥ peptable cortrol whs Tealizéd-over this r:hrat;l:lim_., ;- mitted the higher discharge eurfent cuc.back levels

profile. Tn ginetal, profiles: 2 .asid 3 appearad- to wi:h_uut problenms of the dischdfge extifigulshiing,”
‘Provide the beat throttling control,. thé former .at T . o




- ve"s_l:igarmf,

‘Finalls contrel logic diFferences provigde for
better high voltage regulatlsz, control of wvamed
intervdls, and slowér rate oF dncrense ef the dis=-
chacge current, The cosbination of these chonges
has resulted in a reduction of the high voltage off
time  and discharge - curthE gut back- timés bélow the
limits suggested in ref, 3 :

’I'hL profill_s of Figm 15 through 17 work sac-
{gfactorily ot any point within the screen supplyf
-“thruster operdting envelope and thus recycle 1s not
a factor in the selection of o throttllig profile,
Fupther, it does appear that the puccess of a shore
o (sl Hee) reeyele is priwarily o funetion of che
powet supply dymimtes at all of these operiting
polnts. -

Conclusion

ThraL spesific areas of throster eperation
“have been considefed: {1} variation of thruster
performanie parampacéps with thruster operating .
patameters, (2) modes of throttling over a 4 tw 1
ranpge of input power, and (3) high voltage recycle
‘@t vardious eperating points over the throttle enve~
“lope, ‘These sreas have been investipated Lrom the
_stondpoint of thruster performance, control, and
interface with power processor.

The changes in thruster performance parvam-
eters
-dmpulse ;-and-total e EEickedoy were detefainad-dn.-
terms uE mhangeu in-thruster nperntinb pnrnmctr:ﬂ

Increaaing the rLceSSLd cathode insu:: tempir-

aturd by the addition of cathode tip heater power
" Anereased the propellant utilization efficlency by
several percent, Repozitioning che impregnated in-
"gert F£lush with. the tathede face suffigiently. in-

erensed the insere “femfitriture to resylt ih sisdlae”

performance gaing without the addition of heater
power,

Within the range of operating paremeters in-.

- riounced @¢ffect on total efficlency: as.uuch as
1.5% ineyease per volt inercase. The dischilvge
lossey and accelerator voltags were found to have
less of;at cffeet on thn performance parameters.
- The magnztic baffle current was foind to hafe an -
eEfect ot discharpe: oBeillations dnd control mare

thiin on pcrformancL patamcters, the total: mass Elow

' rate  Beln) goBeghat independent of magnecic baffle
“eurrént for 4 fixed set of operdting pardmeters,
s the.magnetic baffle cursent could be selected

ance,.’ ‘ihe discharge operating-parametersd were
: specified as 36 V. and 198 eV/ion (emission current/
“beain current = 6 5) for :he.throttle enveldpe.

Vardation of the scieen voltaga and beam cur=

rtent at cefistant input- power- showed ‘thar the spe-
¢dfic impulse varied monotonically with sereen.
~.yaltage ;. sinee the mass - flov. rate varied alnnst
lineauly with beam corrent.

The incresse in propellant ‘utilization effiu :
clency a8 the beam cdurrent was increased at con-
. stant power, was more . than offset by thé decréase

- {H- paved effiticcy- stulting from the more-pro-- "
fiounced effect of discharge énergy losses when com- -

. paréd with sereen voltage. -Thus the maxdmum total.
efffrdency was also consistent wilch mokimum scieen
valpags- ThL maxi

U okt S
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, “input powéT, thrust tompowar'rntin,_spécifit".

. tha discharge voltage had the most-pro-—-_:=

" Resedpch Labs undet NASA contractfl3,17)

_mass ratios,

‘paf, 15,

variatiu 1 specific 1mpulse‘ "tiqn

it cofstunt power betwden maximum and mindmum
sereen voltage was cbout 500 jee while the maximum
vardation In votsl éfficieney wis ubout. 5 percent-
age points, Both maximum varlotions occuread
slighely below thé L/2 power polnk. ‘The maximus
thrust to power ratlo wha found to occur, as:=e¥- -
pected,” at the lowest sereen voltage for a condtant

1npub pPOWRY ..

. Fouy thrubtling prcfilLs were thch. One.
mointained moximum totsl efficicency and sprcific
irpulee, and o sccond maintained maxdmum thrst to
power ratio, However, ecach of these twe did- ore-
sent undesirublL.cuntrul characteristles. As-d
rusult, twe cnnprumise profiles. were also defined
between. the two extfemes. Throtrling aleng each of
thege profiles could be achieved in 15 steps in
time Increments as smell as 6 seclacep.

: Einully effactive high voltugL reeyele was -
demonstrated throughout the throttling envelope,
The recyele sequence lagted less than 300 -msee, and
ds a resulty, no vaporizer or other theimal input
variations were required during recycle, Only the

-:bigh volesges, discharpe current, and noutrallzer
ckéapér currvént vere affected,

DLffLancLs in the
characteyr of the present reeycle and previous se-
quences Were ‘foundite be.more a-funetion of poweér
supply conitel logle and dyhamies rather than
th:uacgr oerﬂtiﬁb chuructgristics. B

: To"al eﬁfic*enuias -rangad. Erom D 79 at—an in—
put power of 2650 W to. 0,466 at-an input puwe: of - .

~552 ., h

- Aggéﬁ&ix

fhrustur Performance Caleéuluations

" The ideal thrust of an ién“fhrustei:using mage'" ©
cury propeliant ein be expréssed fn tévms of the
electrical operating patametdrs as -

rmEAL « 2, 0391 Iy J\‘:" wie @y

where thu units 6F JE nnd VI are amperces and
yolts and deinLd 4n-Fig, Al. In this 1dedl cese
the fons arés assumed to be only siﬁbly cligrged -and
axial in directinn.

In renlity thL ton bLam DE the 30 cm EMT con=-

_-talns a nunneglibible nuiber of doubly charped ions

as well as dons of both species which are -not axial

in dirccticn.
“biséd on Gperational s:ability Tdather than perform-. . -

A nLc;nique Eor evaluating Lhe thrus: lusses
dué to these doubly charged loris and ndnaxial ion

. fygléctorias, fising. & collimating mass spectrometer

and computer pragram has beern déveloped by Thighes
This
measutement yields two thrust: ébrrection factors;

a, which accounts foxr the differént don charge to
-and.- F\,, which accounts:for nomaxlal '
tiajectodfes: .The prodict of theSe rwo Factors and
the ideal thrust calculated frém metered parameters
give the actual thrust,

_TAQT = uF

T

2.0391 JBJW mNr: ) (2

A stnilLd map of tthL ridn pdrdm&ters is bivcn in
Although o wariéty of thiuster parameters
dffectéd both - & and Footod firsc approximd= .~
:hey can be considezLd to vary only with beam




curent.

All of the dota presented for o glven beam
current in Ref, 15 pre within 0.9% of the average
value for that beam gureent, Flg, A2 shows the
average value of (oFp) as o functien of beaw due-
ront, - The values of fhis paramerer are taken frois
Fig, A2 for gll caleulations made in- thig paper,

The total powet input to the thruster ls piven
by summing the produet of wwitage and current of -
each of the twelve power supplies, (Sue Fig, AL
for locutian L ansurcancs and definitdons, )

Thus

Bow (Vg)dg WAV + V3,

+ P + P + P + E +

vae © THIR.D FeK MB-T 7
The- Eirst three terns arurthu,puwer 4dn the sereen,.
dischatige, and sccelerator suppllés. These volcage
and currenty must be se¢lected to provide the best
overall performaace,. The term Pygp is the total
"power to - the three vaperizers; the terim Pyigi
the total power to the cathode, neutealizer, and
tsolatar heaters; and -Pop “rnd Py are ehie ‘cath- -
ode and nEutralizer Kiteger powers, tespeetively,
Although the magnetic baffli current signiiicantly

" affects thruster dperation, the power dissSipated

- dg- amatl. - Tho-aceslerator power dg also dmull Be-
ing cypleally less thon 2.W over the throttle .
ranpe, - A summary of each of these povers 1s glven -
in Table AL for typiecal operacion at beam currents
of 2,0 and 0:% A, .The last six terms of Eq, (3)
aré assused to-équal 50 W.and be independent of
thruhcar beam current or input pover,

) Using the relatiuns
Jg= 3yt =3

Ly dp 4oy

ep = Ay /g

Vg Vp o AV Vol = v

‘ Eq. (3) Eecomes'

s O & "1)']3 + 50 W )

. The ﬂccunl thrust to quer tatio ¢an’ thed he
pr:eased Erem Eqa, (2} ond (4) as

i uF 2.0391 JBJ_; Nt

I
= .-—....._.._..._-———..—..-.—- - 5%
P T FEY ¥ 30. Wt ’ ..

1btal nh:ua:a: efficiuncy is defined as -

(6)

;1 x

Suhstinutins Eqé. . (2) and (4) inco Ey. (8) ylelds -

et R [J (v e

T 50]

—- - Mandtoandalie

-~

1.

where &g 1is the neutral masy flnw rate exp:euscd
15 equivaant amperes,

Eq. (7) emn be expressed in terms of the meas-

" uzed propellant wkilizacvlon cfficlengy as

pd
By aEpiy X 0,
whare both g, ond n, are diréctly measured
vuloas which are uneerrected for any double feniza-
tion.

The Bpuclfic“lnﬁﬁlﬁL, defined gs_the total im-
pulse divided by, the: prﬂpullunt welght can hu ex-
pressed as

N 'l

Loz . B

Isij = "100,.08 uFT‘E; fﬁt gee {8)
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Table V. Summary of electrical operating parameters for throttling

P::: Pro | Vee | Jp0 | Var| e | &pe | 10 | fp | dwme || Vexe Tsv' Tsv-
W v A v mA v A eV/ion A A v C Cc
(a) (a) | (a) | (a)
(a) Profile 1
= -
15 2650 | 1100| 2 516] 4.10| 36:0,1| 13.00 198 2,40 (1.0 5.03| 300 289
14 "8201| 1190] 1,9 516 | 3.86 12,35 2.40 5.2, 298 289
13 243901 1100 1.8 516 | 3.57 11.70 2,40 2,30 ] 2%& 289
12 2260 | 1100( 1.7 516} 3.10 11.05 2,45 5.44 ] 294 289
11 2130 1100f 1.6 3l6| 2,91 10,40 2,50 5.65| 292 290
10 2000} 1ivOf 1.5 | 516 2.68 9.75 2.55 5.83| 289 290
9 1870 | 1100{ 1.4 516! 2.48 9.10 2.60 h,23| 286 294
8 1740 | 1100} 1.3 516 | 2.36 B.45 2.70 6,45 2R2 205
7 1610 ] 1100] 1.2 5161 2.21 7.8 2e73 6.73| 280 297
6 1480 | 1100 1.1 516 | 2.02 7.15 2.90 7.05] 276 | 299
5 1350 | 1100 1.0 516 | 1,90 6,50 3.05 7.46| 273 301
& 1220 | 1100 .9 316 | 1.78 5.85 3.25 7.85] 269 306
3 1038 | 1100 .76| 516 1.59 4,54 3.45 B.65 | 260 310
2 856 { 1100 .62 516 | 1.44 4.03 3.45 9.3 ] 253 312
1 661 | 1100 47| 516 1.27 3.00 L, ] 3.05 10,22 | 245 315
(b) Profile 2
15 2650 | 1200] 2.0 | 515[ 4,10 360.1] 13.00 | 198 2,40 1.0 | 5.03) 300 ! 289
14 2520‘ 1100] 1.9 3.86 12,35 2,40 5.12 | 298 288
13 2390 1100] 1.8 3.57 11.70 2,40 5.30 | 296 289
12 2260 | 1100| 1.7 3.10 11.05 2.45 5.44 | 294 289
11 2130 | 1100} 1.6 2.91 10.40 2.50 5.65]| 292 | 2%0
10 2000 | 1100} 1.5 2,68 9.75 2335 5.831 289 290
9 1870 | 1100| 1.4 2,48 9.10 2,60 6.23| 286 294
8 1740 | 1100} 1.3 2,36 8.45 2,70 6.45| 282 296
7 1610 | 1100} 1.2 2,21 1.80 2,75 6.73 | 280 297
6 1480 | 1100] 1.1 2.02 7.15 2.90 7.05] 276 299
5 1350 | 1100 1.0 1.90 6,50 3.05 7.46 | 273 301
“ 1220 | 1100 9 5151 1.78 5.85 3.25 7.85] 269 306
3 1019 940 .B5] 445 | 1.65 5,53 3:35 7.87 | 267 306
2 822 765 .80} 364 1.69 5.20 3.45 8.12 | 266 306
i 658 | 605 .76 290 | 1,80 4,95 3.52 8,33 | 260 307
(c) Profile 3
15 2650 | 1100] 2.0 515| 3.50| 3620.1]| 13.00 198 2,40 |1.0 5.19| 299 295
14 2490 | 1084| 1.9 3121 3.27 12.35 2,45 5.29 | 297 294
13 2329 | 1066| 1.8 SO 15018 11.70 2,50 5.43 ] 296 293
2 2168 | 1046| 1.7 498 | 2.96 11.05 2.55 5.57 294 292
11 2008 | 1024] 1.6 4881 2.83 10,40 2,65 5.76 | 291 294
10 1847 998 1.5 475 2.65 9.75 2,70 5.93| 289 294
9 1688 | 970| 1.4 | 462 | 2.54 9.10 2.75 6.16 | 287 | 294
8 1526 | 936 1.3 446 | 2.33 B.45 2.85 6.38| 284 295
7 1366 | 897| 1.2 | 427 2.23 7.80 3.00 6.67 | 281 298
6 1207 852] 1.1 406 | 2.04 1k 3.10 6.96 | 277 298/9
5 10471 797 1.0 380| 1.98 6,50 3.25 7.331 274 301
4 950 758 941 362 1.91 6.10 3.35 7.56 | 242 303
3 853 713 .88 340 1.87 5.72 3.45 7.80 | 270 304
2 758 | 663 .82 318 1.87 3.3 3.50 8.08 | 269 305
& 661 605 .761 291 | 1.81 4.95 3.52 8.36 | 267 307
(d) Profile 4
15 2650 | 1100] 2.0 5121 3.98| 3620.1| 13.00 198 2,40 |1.0 5.42 | 304 319
14 2416 | 1045| 1.9 4971 4.04 12.35 2,45 5.57 | 302 319
13 2192 991| 1.8 472 | 3.88 11.70 Lok 5.751 300 319
12 1988 | 940 1.7 | 448 3.79 11.05 2.55 5.93| 298 | 319
1y 1802 895] 1.6 4271 3.67 10.40 2.65 6.15 | 295 319
10 1616 | B44| 1.5 403 3.50 9.75 2.70 5.36 | 294 319
9 1450 BOO| 1.4 383 | 3.24 9.10 2475 6.581 290 319
8 1298 7601 1.3 363 3.14 B.45 2,86 6.85 | 288 320
7 1160 725| 1.2 346 | 2.92 7.80 3.00 7.15] 285 322
6 1036 | 696] 1.1 334 | 2.80 7.15 3.10 7.49 | 282 323
5 915 ] 665]| 1.2 1R | 2.63 6.50 3.26 7.83| 280 325
4 851 | 652 .94 311} 2 56 6.10 3.34 8.06| 278 326
3 786 636 .88] 304 2.5] O 3.45 8.32| 277 328
2 718 | 615 .82| 294 ] 2,37 5.35 3.50 B8.54 | 274 330
1 661 606 .76| 290 2.07 4.97 352 I 8.781 270 333

ATypical.
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Table VI Typical thruster performance parameters for
various input powers along 4 throttling

profiles tested

Profile | Typical Vi Jg Iep T/P Ny T

power

1 2650 1100 | 2 2904 | 48.61 | 0.691 | 128.6

2250 1100} 1.7 2808 | 48.69 .670 | 109.3

1300 1100 +97 2560 | 48.61 .610 ! 65.5

660 1100 463 1997 | 47.28 L462 30.8

2 2650 1100 ] 2 2904 1 48,61 |0.691 | 128.6

2250 1100 | 1.7 2808 | 48,69 .670 [109.3

1300 1100 31 2560 | 48.61 .610 | 65.5

660 605 .76 1642 | 56,42 L454 37,0

3 2650 1100 | 2 2904 | 48,61 | 0,691 | 128.6

2250 10551 1.75 2780 | 49.2 .665 | 110.7

1300 8751 1,16 | 2320 | 52.2 39515 6759

660 605 .76 1642 | 56,42 454 37.0

4 2650 1100 | 2 2904 | 48.61 10,691 | 128.6

2250 1005 | 1.83 2690 | 50,00 .658 | 112.5

1300 760 | 1.30 2170 | 54,40 .580 70.7

660 605 .76 1642 | 56.42 LS4 37.0
INAL y PAGE B
ALITY
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Figure 1. - Effect of tip heater power on thrust-
er SN 804 with a recessed impregnated insert
Vy=1100V. Beam current, 2.0 A; discharge

voltage, 35 V; discharge losses, 185 eV/ion.
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Figure 3. - Variation of accelerator
impingement current with dis-
charge losses. Discharge volt-
age = 36 V; beam current = 2.0 A,
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Figure 4. - Beam current capa-
bility (perveance) of extraction
grids tested.
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Figure 5. - Discharge voltage as function of cathode vaporizer tem-
perature and flow rate. Jg = 2.0 A; Vi 1100 V; €1 = 198 eVlion.
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within power supply operating envelope. Discharge voltage = 36 V; discharge
losses = 198 eV/ion,
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Figure 11. - Critical magnetic baffle currents for four throttling profiles.
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Figure 12. - Throitling performance down from 2.0 to 0.9 A beam current, time incremznt =
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Figure 14. - Thruster performance over input power range
for the four profiles tested.
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Table AI Summary of fixed power losses

2.0 A beam 0.5 A beam
PVAPS 12.4 W 12,0 W
PHTRS 0 0
PCK 52 Noxo1.0°A 5:2 8.9 Vx10AS= 8.9
PNK 1SSV 158 A 27.0 16,7 Vx1,8A= 300
PmB e e LT S 2.0V x3,6 A= Tad
VAJA 500 V x 4 mA = 2.0 500 V1 mA = 0.5
49.7 W 58.6 W
f')It’IGIN
VAT,
OF Pogp Q%AGE IS
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Figure Al. - Instrumentation schematic and symbol definition.
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