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30-cm mereury ion thrust:er mission requlrcmenta.

- ment thrusters (refp. L to ), _
. ‘pose the use of a siigle propéllant. tank for Seversl ~

STATUS ‘OF so-—'csmnﬁ:man-bmmrm MERCURY TON m}inusqéaa TSOLATOR DEVEL.OFENT

M, ‘A.- Mantenieks

T Co ) 3 Ns.hianu.‘l. ‘Acyonoutics and Spsce Admintatration

Lewis Research Center
c.'levelu.nd Ohiu 44155

‘Abntrnct‘. '

Resultn nre preuentnd or Eievero.l 30~cm diam-

. . ster mercury ion thruster isolntor life tests that.
“‘ghow that-the onset and exponeniial. increase ol -

lenkage current problems chserved in carlier
thruster operations-and isclator tests have been
solved, A 10,006-hour life test of o main R
iaolator-vnpnrizer operated with no mercury Lloy at

5209 C and 1500 velss waE found’ te Leve to onset of :
lepkage current diuring the tent.. A vathofae

isolabor-vaporizer (CIV} opera. e/ with o mereury
discharge at 340° to Z{00 0 abd 1200 Arultis Lor .
18,000 hpuvrs, was found to heve o smedl incrense

(4 0x10'3 ph/hr) of lenkege -urrent with dime. ‘A
10, 000-hour thruster life test ab Hughes’ ‘exhibited

no increase of leakage current -during the life test,

" In view. of thege test resulte, it is. concluded tha.t

isolators have been develop:d which will gabisfy”

m‘.or‘_uc_ﬁaeﬂ

Severa.l primary propulsion system. dcsigns heve.

been proposed which utilizeé #0-cm mercury bembard-
These desigris pro-

thrusters. This approach requires bthe use of mer-
cury vapor isolators in the propellant lines in or-
der to-elecbrically isolate the high voltage power-
supplies, The isolator must gatisfy o number of

-: requirements: +he. capebility of withstanding a.bnu‘b_.. .
1200 volts overa wide propellant flow rete range, -

operation of temperstuwres comparsble to other
thruster compprients {~3000 C), and operation over-
very long time perieds (10, 000 to 15,000 hr) with-~

_ out excessive lecknge cm‘rent {~1 mA)

SEVEI‘EJ. jsoletor deaigna, mcluding Lhe seg-
mepted and tortous path concepbs, have been pro-
posed and successfully tested for their volbage
gtendoff reguirements {refs. 4 to G}, . However, un-

. '$41 recently, considerable difficulby hes been ex-
perienced in satisiying the reguivements-af low
‘leakage current for the time perieds of interest of

the thruster application. . The onset of exponentisl
increase of leckegz currents with time ofter rela-
tively short time period.a has been observed in-
Z0-cm thrister operatidn’ (ref,: 7} and isclator tests
(refs. 8 and 9}, More sebiefachory isolator per-
formence results heve been cbgerved in 5- end a-cm
thruster 1life teshs (refs; lO and ]J.)

- The onseb of leskage current in high vecuum,

“high tempersture ‘ingulation hes not Leen the uniuue
problem of icor thruster isolators,

This phenomena’
hag been observed in thyratrons and voltage regula-
bor-tubes (ref. 12} and heater-cathode insulghor

failures (refs. 13 and 14). The causes of these

. problers have not beén necessarily of the same ori-
“gin,” varying fromw ‘contamination by sputtered mabers .

ial to metel migration vhre—gh insulutors. What
does make the thruster isolator problem wiiue is
the very ow leakage curre_ant permissible in -

. _thruster op”re.tion

Th:.s ‘paper will reporb the results of work

STAR ca.begory 2o

" hindred hours,

_ _heristics of th:.n Tilm i‘ormation

-temination problem were consideyed. L
(1) a vaporization-condersabion process. 4n which _
"welatile materisls may have evaporated from hot sur~

performed ont the development of! inolutors for the

“30-am mercury thruster, -For: referente, & brief .

deseription of the criberia’ for isolator- denign;

. fnhr:.cntion, r.md opernting prucedures is zﬂ.so in-—
Creluded.. | . B . k

Iuolutor Design Criteriu.

Isola.tor hestn result;a reporbad in rei‘erenr.-e B
showed that isolabor failures cceurred within o few
Tsolabor failure will be defincd
herein as the onset of lenkage current which in~

- crepses eéxpenentislly with time.. In:the past leak-_

age current rates of incresse of ‘the ovder of 1.0

- uh/hour have been measured after only -several hun-
- dred hours of -operation: = Thesc rates woild result -

in ‘unacceptobly lurge leakage currents during o .
thruster mission, -The lenksge current could ceuse,
dua to self henting of the isclator; thruster .
control prablems 8. well as represent nil avoidahlae

~..poser logs, . The exe_ch impact of leaknge &wrrenk on - -
+ bhiruster and power processor oparabion:imbeyond UL
the scope of bhis paper. Therefore, ledkage currént =

failure made was: conservabively defined a6 the on-

sot of leakige current which incressed’ exponeni;ia]ly .
) w:i.t:h time

Tt was" determineri bho.t the esuge of" bhe lea.l-mge"'
‘currenb was an external surface contamination, and

itieould bhe ‘elininsted by’ bésd blastibg the ‘conten-
inated surface with high purity Alpdz beads.  Iso-
lator failures were found to hu.ve the following

" choracteristics (ref. §):

{a) The time of ‘onset. of the failure mode lsak-

aga turrent wes found $o.bé - extremely: Lempernbure B
dependent, After the onset of the failure mode
leakage current, it was observed to increrse expo-

" nentielly with time at a giveh isolator tewperature,

The leakage current »abte of increesse was also found
to- increase exponent ally with isolator: temperatuxe

(v} Some isolator fa.ilurea were obgerved to e

- directly related to faeiliby failures during which - E
contamination and/or oxidaticn of- isclator compo~ + -7

neni:s tuok plncE.

(c) The suxface cont:aminuhion ca.uaing %he i‘o.i"l-

S ure mode leaksge current exhibibted and semiconduc- -
‘tive thin film charecteristics.: This was shewn by - oo
the exponential dependence of the leakage current on

the reciproced of the isclator temperature (Avrhen-
iuy plot}. It-wae also shown thab the isclator -
leakage current conformed to the theore'c:l.cal chuac-

(ay Isuln.tors develnped i‘u.ilure mode lea}mge )
eurrent in tests in diffusion pumped facilities as

well as in e facility frée of diffusion pump sil.
This behavior indicated thet self-contaminabion was

at least pariially: respona:l.blc Tor the observed iso-

lator leakage current.

- Several mechanisms ‘explaining the surface con-
Thege included:



i'acen (especinlly henl:er lepds und igsolator nhields)
- and condensed on the isolator surfoce;. (2} spubber-.
Jing effecte. apising from tha. high voltage across -
the isolator in the presence of ocutgonsed vapors
from isclator component materiels; (5) chemical re-
-~actions which may ocour becwuse o® posgidle chemi-
epl incompatibility of sertinin masevipls in the CIV

esgenbly; and {4) purfhce migration. of eonductive-
" dmpurities’on the'isolator surfdee under ‘large tem- -

pemtu.re and concentration gradients.

mi'er eonsideration of all the obvayrved isela-

" bor test wesults, it was concluded that

L ':___vapur_zatibn-condﬂnsat‘ On Drocess wes: the most :
1fkely cavwe for most of ...he 1snlat;or cnntmninn.bion

problem.

, . Eece.use of bhe co"clusinns stu.ted. nbove the

. following desighn, febrication procadures, ond gper-:
ation changes were implemented in Lhe dsolators
used in bhe tests reperted here as well ebs in the

__.isnla.tors oft 'hhe Engineering Model (El-;) thrusteru-

“(a) rm.t;eriula that canta.in Iugh \m.pnr pres..ure .

'elements such 65 cadmivm, zing,sulphur, and phos-
phorug as well as materials thet form relatively
volatile metal oxides such as W, Mo, Cr, and Cu

; Were eliminated wherever pnssible from the: vicinity . i
of the isoletor.  Also sources of silver were elimi-

nated in ‘thler that surface migrn.‘hion BCTOSH the

" isclator be avoided (ref.. 1§).

{b) The 1salator shadow: sbields were. rede-

szgned. arid- hot’ hester termindls were repositioned

- 8o “that’ contamindtion from ouher *ahruster or BIV
components was minimized

( c) Spotwelding and ather i‘abricabion tech= K

- niques which ‘counld czuse.locdl melting and’ eva.pun-

“atlon of metalk o ‘formation of metal oxides, were -
: eliminuted

( ﬁ) Nickel p].a.t;ing was applied to 11 meta.llic
isclator ¢cuponents .including -the. exposed. copper..
1 breze. ;joints and’ the Hovar-end. ca.ps in order to o
.nﬂ.n:Lmize oxldnbion S

(e) The suri'aces o the Aming body oi‘ Lhe
~1.:Olﬂ.ﬁ0r were groudd before isolabor assémbly . n.nd
- ware bead blasted with high purity A¥s05 -beads -
~ afbter assembly to insure a clean xsola.tor suriace-
" dn bhe i‘inished ussemhly . .

;:ated et lowest possible: temperature (without mex-

THeury condensahimn toking place)and’ low -ambient -

. pressures iy order to minimize the oxida.t:ion o.nd. )
eva.para.tion oi' isolni:o:_ cmnponents

Annuatua

A vrier de-‘cr:l:pi.:.on will i‘ollow oi' the a.ppurn-
tus and facilities used for the Life btesto of &
“iMein’ Isolasor Vaporizer (MIVY:-assembly; ‘Cathods”

‘ers used in thruster l:Lfe tests (rei’s. 16 and l?)

Ca.thode-lsulnﬁor-\'ﬂ.‘nnrizer Asse.mblx

the 1fe tesi:_ =i :
ura %, this design is- similar o the CIV's used in
the: ..o-called 1400 series’ F0-cm diamsfer. thrust-
o larps, one’ oft which was used in the l:.fe test . re-
_ porbcd by Coi!.'l.ett (ref 1. ;

(i‘) It vas reco:mnended tha.t iBola.tors he oper-_'::': B

. shoyn in figure 2, .

The. iénlﬁ.tor was of a cegmented design, con-

.. sisting of seven ghort alwslnn chambers. (ref. 5)_ .
The 'chaiibers wexre' separated by opticelly: dpnee. - -0

sereens in e manner such that the applied voltage

‘between any screens was below the Paschen minlmuun
The Kovar end’

voltage (~300 volts) (see appendix).
flanges were copper hrazed to the metalized alu-

-ming, The stoinless steel-shadow shields protected--.

the ‘extérior sirfdce of the isolator from. the am-

“bient portlele [Twt, They were nickel plated and

attoched ri chanieolly with Straps to the nickel
plated Kovar cnd flanges.

The hellow tantalum: ca.thode YEE, i’abricatetl

"Jﬂih o theriated tungaten vip and had en aluming’

flame sproyed Nichrame heater mounted nesr. the tip,

and & tantalwh foil wreppet around the btip.and
haater to-improve -the cathode starting ecopabiiity,
A 0,53%0,25%2, 5~ porous barivm oxide dmpregnated

tungsten hollow cylinder-ingert was installed . dn- .. . ;-
gide the holiow tobhode snd rdécessed 0,35 em from . @

the tip, Tungsben wool was placed in the hellow -

cathode body so thet plasms diffusion. and redietien |
from the cathode” dicharge did not impair the pro-
) per ﬂmctiuning nf t-he isnln.t‘.nr. .

cm. dismeter porous tungsten plug; electron beam & .
welded oo the tantalum tube, The ficow of the pro-
pellont: through the plug was determined by its tem-
perature,. which was governed by the pawer npplied.

to & heater wrdipped: m:nunl ‘bhe outside uf t:he R L
: "va.porizer housing. ' 7

The CIV' 5 used on bhe Engineermg Model
() “900 serdes" (ref, 17) 20-em diemeter thrust-

isclatior. to operste st 4 lower teémperature and by:

. Zeduging the: Sheymed, Teedveck Lfrom the cabhode, 6. © ..
* - improved the ‘thermal gontrol of fhe vapurizer. AL

S0, ‘& 1arger dpolator similaw to that of the mo.in

--._isola.tor MBS :.ncorpora.ted in. hhe EH CT‘V.

. - The CIV' test wos conducf..e:l in a 30-cm dinmeter

: ',‘port on-the 7.6x18.3 m vacuus faciliby at Lewis Re-"

search Canter, The main vacuum bank operated with -

A liguid nifrogen

Lo brog was, Anstalled io the: pnrbs' ruughlng pump:’ c T

1ine, A prounded martislly cpague- shield was in- o
sballed in the pert os seen in figwre 2. This

: ‘_"shiélﬁ“pmhected “the. isclator fram the: cathode diss
. charge plosme and fram the particle fAux exiszting

. An the main vacwum fecility..
S puived’ shieXding the pressire in ﬁhc pnrb ﬂu.ring

hydrocaybon oil diffusion pumps;

Because of the re-
upernbi on was ~5x10-9 forr.

 The port was prepureﬂ. ¥o mect . the requirements
outlined in ‘the Design Criterin Seetion, Thus, a1l

S High' ‘vapir pressure x therials such a5 #31vel Bolder,
_'Isulv.tor Va.por:.zer (CIV) astenbly; and o thiush: -

‘Gl der ik, - cadmiv’ plated’ elechr:.cu:l.. donnéciors,

‘brass flangez; ebc. were eliminated, = High temper- :
< ature: electmcal Teedthrotghs and. thérmocouple ¢on-
‘nectors were uged. :
" eleeprical conhections. in . order te avaid the pusﬂi-. .
Cipiiiby el contaminatzon by oxides ii' coppe*’ wi.res i

AMumimim wires were used for

vere wsed,

.n.n elec'brical schematlc of ‘the GIV “tert’ is
Power :mnplies ::eq_uire.rl were-

REPRODUCIBILITY OF T .

""!RIGINAL PAG-B IS P(‘

'l'he vaporizer of.' bhe GIV consisted of o 0 45-— ’

. -The cathode tip had a rediaticn fin to provide cop-- - e
rect cathode temperature during thruster operation. -

“:vebs end e "700 meriés" thrustezs: (ref:-18) dif-- 700
" Ters Trom the one 400 séries” degeribed above, in
. thet .the isclator and veporizer ere scparated from o

‘the cathode by n heated feed tube,  This allows tls 3




Tdise,

; S _
mersury Tlow through the :Lsola.tor, none wu.. used in

- teble T:
33000 ‘end - the" applied’ voltage was 2500 volts,

- . dischnrge supply. keeper :mp_ply, “ignitor, high volt-.
age” supply mnd hdnter supplies for- the cathode tp,

igoletor, and vaporizer, There was no control leoop
onh ‘the. vaporizer heaber supply.’ The cathode .end off
of the isolakor was mounted on an elegtriéel stand-
off and held ot ground potentinl, The voporizer

- “end of the isolator wag biased segablvely by the':

. high voltage DI,C.. power cupply. This confipuration
. simnlated the volbage pradient in a thruster. The

temperatures of the imolator-ab bobh end cops, va-’
porizer and cathode bip were monitored during the
‘tesk, - The celleckor was ™ perforated molybdenum
Provinfons wérs presenk -for gutomatie shut~
down for the cathode end hiph voltage if a pressurs
rise to S107% torr-pecurred din the main -tank.

‘MIV ’I’eab

'I'he ma.in 1sola.tor was d&signed Emilv.rly t.o

_ the cathode isolator ahove, -except 1t wos larger in

. ordar to fccommodate the higher mags flows re--. -
guired, (The "800 ceries" EM bthruster has $wo ibo-

.- lators of this. size,) .The design changes incorpor-.

ated in the MIV to meebt the low isolator lemkage .
reqiuirements were similor to those made in the CGIV.
These have . been praaenbed in the Design Criterin.
Sect.ion.

“Pha MIV. tenﬁ Was conﬂucte.d inim. cryogenicaﬂly

puinped bell jar;" therefore’ elminnting ‘the’ posgi---
Bility of contamination of the isclator curface
-with dirfusion or reughing pump. ofl, - Th: prescurc
in the bell jor was mainbained &t ~1x10-6 torr,

_The test was conducted with no mercury flow, there-,

- fore only two heater: supplies; -one.on ‘each: ‘end of -

" the ‘isclator, and a bhigh voltage supply were re~

quired. . Temperatures of each end eap of the isole-
tor were monitored during the test,.

: =-Thrusher I.ife Test‘.s

The 10, 000 hou:: th.rus’hcr 1ii'e teat (ref 16) -

Wwes condicted with & "700 series", ‘30-tm dimneter,
thruster having & CIV and MLV incorpora.ting the

“modifications in the Design Criteris Beckion, The

" . presend on gelhg Life test (re.f 17y is of e "900
- serdes" thruster. .

" Fegults and Discussion

: -HIV Test

) As pointed out in reference B teetu in & cry-
ogenicplly pumped bell Jax (];m}; oil free-environ- . -

ment) indicated an isolabor failwre due So- self-

. contemination and not necessarily due Bo bhe test -

. feél1ity Envivonmdrit, . The history of a typieal-

- previous o the use of des:Lgn modificeting dis-
cussed previovely is shown by u curve:in figure 3.
To confirm the self-contamination hypobhesis an MIV
with 211 -the changes was tesfed in the same bell
§ince e eariier’ faitures geeurred wibh i

the MIV tesb

The HIV test
-The end cap temperatures were: 510% and -

These isoletor temperature and voltage operating

- conditions vere'more gevers ‘than those of o thrust-
ér (265% € and 1100 volts, Fespeetively),” thera-

. fore, providing an wecelerpted 1ife test. . ... .

tor.

. reference 19,
“ 18,000 test and the: corresponding 1solator’ and ‘va-:

cmere.t,ing cond:.bionﬁ are given in :

" phsngur,

i ‘Supplies]

: . The initdel’ current of the isclator was 0,1 uA
nb 1500 valts, which corresponds o' u.pproxima.tely
the buklk conductivity of the alwming in the isclo-
“qhere was no increase of thiz owrrent in the
10,000 hours of operation (fig. 3) st which time
this test was terminnted, During this time period

- tHe isolator test: undarwent. 17-‘shubdoims  during
" which premsuyeé incresses of up to sbout 21074 "tory

range occurrad. | Thens chubdowns hed no appavent
‘detrimental effiets eon the isolabor performarice,
After the tesi the igolator was inspected and, as

expccf:ed. AL i'ou.ml to be in excallenb condit‘.inn. I

Therefnre, il- muy' ba cuneludt.d Lha.t he ex—
ternal leckage cuvrant souvee has been idenbified -
as 30lf contemipation, probably due to the
evaporation-condensation méchanism diceussed be-

- fore; -and that the dmplemented-dasign changes have -
"corrmseﬁ She' failure mode lea!-:age ‘current problem.

@IV 'i‘.':at

The MIYV teab just discusped showed that i:h'e o

" exkeynel isolabor lemkoge ourgent problem was pri- . e

marily & sell conbaminabion effeet. It rémnined to
be shown Bhat the internal integrity of the iscla-

" tor: could be pusteined-dwring. achbunl - operating con~

ditions with a mercwry flow and discharge. ‘There-

- :fore-a CLY test was:conducted.and apgain ab more:

‘Bevere operiling conditions tlien those found i & -
normelly operoting thruster. Successful apembiun

- ot these conditionz would ensure considernbl.e max
. gin for thruater operatlon.

LT “ e opera.tlng Gonditons of the CIV ave ‘showi. . ..
in toble L. U

The ‘opevuting isolntor temperaturss
ranged from 5209 to 360° C (depending on the dis-

. ¢harge muwrent and vaporizer temperabure),. as’ com-
" pared b
L ‘Ehruste; .
gturas. of 'the.isolavor ‘resched as highoas 4000.Cy T
- During-opeyation the applied voltage was 1200 volts ]
‘mnd the discharge qurrent ranged from 7:Go: 12-amps-

*685% ¢ found in & normally operabing
In the cpthode preheal periods,. temper- - .

with correcponding discharge volteges of 1.5 60
20 volts, ‘The mercury flow rabe was-held nesrly

¥ consbant et ebouf 180 mA, Keeper: curfent was:immin-:.
: tained at G 5 a.mpere and ‘sbout 9.5: vo].t.'s.

The oathode performince’ including discharge :
and. keéper conditions nnd tip temperature sppesr in
The Yegknge currenf; hiskory of the.

pur:l.zer temperatuz-en during the best are shown in .
Tigure: 4. - The initisl isclator leakage .currént of -
1. ph indicated thet some surfacexcontaminntinn_ :
could have besn present’ before the lifetest,  How-

T [ % ever, ps'shown later. tle indiceted leakage. current oo UL
" failure of a MIV iucla.t‘.or ghssyved in this bell Jar -

may @lso hove baen -due-to- conteminated high voltage :

. feedthzoughs, leakege Across. power supply isolation

insulators, or discherge plasma.leakage., Howe*rer, :
it was concludcd in reference B thab higher than

oo opoymal initial leaknpe currents due to some igola- -
- tor contamingtion did nob vecsssdrily confiridbite bo: i T

ea.ﬂy onset of exponenbial ineréssds of the izola-

_.bor ledknge -current, so this :Lnit:l.nl :Lealmge c.urrent
~was. nob & makfer n:E ‘mijor eoRcern. ]

--Fron-figure 4 it can-be. seen bhaL +he lea.knge

I currEﬂt 5% ouly 10 FeaRed Ter: apprmd_mn.ﬁely the fii‘sf‘s'

1100 hours at an mversge rate of ebout Z,2x107%
-A-Budden drep.of leskage current at. about -
1130 hours was due bo cleawing of all inoulotors on
the port flange feedthroughs and the floating BoWer

s AR ahout the ‘sema bime : the 1solu.to =




P T

R S

s ca.thode 4ip heotir blrned out '

_th#rmocouple makfunctioned,
2400 hours on the test the :wern[ge leuimge current” -

time period, 116 ¢
-yent-yate ipldbiributed to the abposgmal shubtdewn -~

- the inber:ml st:.-uchum aI‘ ;.he. inolu.bar. )

. not well understood ot this fdme.

- odeyi

" “eratied rete. for:n whiYe unkil the previcus normal:
“rate wna abtadned, - - S .

'-:_!.‘En“a n’.ncrease wibh t.ime ‘ol nbnui. 3 93(10"

SRS NS

- From about 1130 to-

increase with time wes aboub G. 72103 pA/hotr, The
yaporizer thermodouple. reading indicated that. the
inercase moy hive been asgocinted with a alightly

. gher innlahnr-vuporizer temperntm:e.

At 2400 ham:n, the dinchu.rge puwnr nupp;y mul-i
functioned and probebly overhenbed the cathode and
isolator and-a shubdown took place. - After repairs .
to bthe power supply, & restarting of the ¢athode
dincharge,  the keeper veltage and cothode tip tem-
perature exhibited abnormal conditions for some -
time, which indicated thab- during this shutdown,
wlao the egbhcde wee sdversely affected.

lepknge currenk incrnu.ned with {ime ot a faster

“roate of about £6x1073 pA/homr with no incrense in- -

dicated on the isolator temporature dwring that
This sudden incrense of leskage cur-

ecaused by the fauwlty power uupply. .

" After 3950 hours in the test, the isclator
was removed, the surface was bemi blasted, and a

- i pew ghadow shielﬁ. made from tantolum wns instulled .
the Jeakdage ‘eurront’ oy the bead blasting wns ve~ -
‘duced ‘to about 2 pA gk 350° £, which was slightly

Iigher than at the beginning- of the tesk. This -
léekape could heve indicated d olipht degradation

. FJ.um 080 {:o 8150 hom:s the leukn[;e curren;:
inerenac with time averaged only about 1,2x1073

: _M!’}éuur ok an-average lsolebor tempernbure of aboub
- &509-C,

A uniqué phenomenon, nob obsérved on pre-
vious isolator hests, wea Cirst observed on the

*‘igolnbor leskapge current after the shubdown at the
£010-howr point,
. ing was Tound to hove-decreased- considerably from -

The lenkage current on resbart-

‘ihe ‘volue mepdured béfore the shubdown,- Later it

. wap determined that theae leaknge current decresses

vere onhly sssociated with shutdowns in which -the
CIV wes exposedl to atmospherie conditions, - There-
fora, this phengmenon is sosumed bto be associated

D1 i3Lkh: the oxidatish of .the thin:film résponsible for

the leskage citrront, However,- bhis phéhtsdndn 15"
The leakage cur-
renb reduction efter a shubdown involving atmo-
spheric exposure appeared to depend on the temper-

abure requived during prehent: to restart the cath-

crepse in leakepe current after o shubdown in-

. cremsed wilth increasing isolator temparature

yeached diaring stertup,’ -Afber ouch a decresse the
leaknge currenbd inereased with time ab an accel-

“At “the 'H150-howr mark the plasma: spru.yerl :
Bedause heéatera’ n.;
originally fehricsted comot be replu.ced on. eabh-

-ofes; o makeaspift heaber was instolled by wrapping .

saverul windings of heater maberial around the

.. eabhgde -bip.dn. order. that the isolator test might . -
“be conbinued;  --Addibionel: heat shielding arcund -the

cathode tip was added to assist enthode startup,
This change Tesulbed in a higher operating btemper-
ature (~560% €} of the isclator:  This, in turm,
resulted in o somewhnl higher average 1en.kage cur-

At 16, 260 hours it was decided to beed blast

* . the exterdor of “the {solator ‘surface An order to

-dnpide of the isolotor, "Af -

From this:

: _blesting operation ot 16,258 hours;:
- stoarbup-at 2400 hours until the 3950 -howr mark the ; -

‘gleaning aperotion was not'. enbirely” succésaful in-

TH was oboarved that the megnitude of 'the de< -

- present: Leat was sbout 5.9x10°
"+ agerisclobor temperature’ of ‘ahouk: 3509 G
same temperature, avérege leaknge ‘evrrent: inereases - - -

- iasolotor -tests of reference:8; -
‘age lonknge current inevease. Siith time reasured dur-

;ﬁ\/hnm_‘. ;. leakage cur
cantly lower.

detemine if any- debcrinrn.tion_hud occurred-on the - .
: * the bead blasking the_

the isolator 1t was also nec: .so.ry to repluce the .

heater wnd hent ‘shielding, The leakage current

'piter this operation did nob return to the 2 pA

value which was measured nfter the previous teed

", blading operabieon.ot 3950 hours but rather deereaged

only to 12,5 pA, This result,. however, was Toméwhat.
obscured by the fack thot the cathode did not oper-
ate normelly for Same time affer the restark, ‘re- .
sulting in ahnorrmﬂ.‘l,y high inoolator Lempcrn.bures
compared with the operation bhefore the shutdown at. -
pi50 hours. Two explanations are possible for the
ocbeerved remaining leakage current after the bead
-elther the

removing oll of the outside iaolator contomination
or the ohserved leakage current after the: shuttlown
was an internal-isolator phenoménon.

PR 2 e X bf_?in't:ez'-_esh:-tu compave the ploks of the: .. - - .07

voitege ve. lenkage current and of the. leskage cur-
rent vs, the reciprocal of the isolntor temperature

" for times before .and after the clesning operation ab

15,258 hours. Figure 5 ohiows bhat after the clemn-

:i.ng operation the previgusly. observed sudden transi- .. .. . .
tdon in the VT, ‘piot-oecurring at dround- 1000 volts

disappeared, The reason for bhe transition is nob -
understood, Guz-renb-vo;i.tage plotso .I'oum_l in refer-.. .
ance 5 exhibited ohmic behavior with some- exceptions’
at very high voltmges, and the deviation obgerved

o f1'am ohmie Behavier wes gradusl, net Like the trom-- 0 ..~
‘A grofus) deviationis

- consinbent with thin i‘ilm behnvior fuumi 1:1 1itera-

) ture .

siédon obeerved in Tigure 5,

Figure 6 showz the 1enkage current. as 51 i‘u.nc-

tion of the roeiproeal -of  bhe isclater t'.empernture

plob at various times of the test. The dabe taken

..Alter the isclator: cleaning showed the same charsc- ... -
:teristics ns’ obaerved VYefore the clemning. . The [

characteristic nctivetion energy of o Bemiconductor
wes found. to decrense with hime bebween 2099 and
16,258 hours as was observed In simllar plots-in
reierence 8. Ageln these obeerved choracteristies

" are-found toibe- consist.ent: vith bhin i‘ilm SEmicon— ;

dneker behayior,

This; “in genéral, the obaerved ‘behuvior of Lhe ‘
CIV leaknge current weas similey to that found in the
cerly Iisdlator bests of reference 8,.execept. tbali the. .
sverige lesknge current increase 'with “time was Te-it.:

duced significantly in the prescnt test wibh Ghe

implementation of: the descri‘ued. design. chn.ngea For. .
example, - the average intrease gi&h time’ Tound in the

Ak the
with time of up to 4 pAshour were memsured in the
ing the present-test (nob con..idering bhe cobn~

strophic shutdoin pecurrence) was 6,7x10°3 A /mour.
This rabe of increase would result in'd leakape ciure

P

: __mn{. of 134 pA ofter 20,000 hours of operatien; - . .
thhioh in well wiithin the Ik réquirement eatabe i, Do
8ince the QIV ing- -

lished for isclabor perfoimsnce.
lotor -temperatwre in a normally -operating thrus ter
£5 considetably lewer {265%.C) than the 3509 C nvers
age in the CIV test, the increage in the isolator
leakage current v'_riléh time. should aleo be. sigmifi- "

dependence upon the reciprocsl of the iscletor tem-
perature {zef. 8) = dacrense of 659 € in’ fsolator

REPRODUCIBILITY orT
ORIGINAL PAGE I8 PG™

L stk it A e ol _uL

pf/hour at an aver-

“ The makimin Bvers ol

“From the exponentini leakage current’ -~



- :_4'prob1em._ e

npplled voltage ‘of 1500. volts, temperaturs and’
. yoltage conditions which were much more demending ..

. dlicéd, thie: Taaknge

‘bemperaturé was ecbimeted to-resilt in’ & decredse

_V'Vrhru'ster Life Pims Tests

Altimately, the isolator has to-perform gutip-

“tackorily in thruster tests and & thruoker lifetent
-is required to judpe {ts performance, One ouch

tedt (ref, 18), during which the thruster was opep- -

- ated for 10,007 hours, was conducted at the follow-
Cing c:nndition's 48 sh~un In table I:; main isolabor .

»Semperature: of uboub 2759 ¢, cathode igolitor. beme .-

perature or 260° C, beam current average of 1,4-
amps. (%75 mex), wid screen voltage acvoss the iso-
lctor of 1100 volts. - The currént meamirod during
the test wns on the order of 0.1 pA and no incrense
was -obderved durlng. the tasti:
;. -gminetion of the isolators - revealed Lhem to'be in "
: excellent condition (rel, X£). :

Another 1ife tent of the *ghn, suries" bhruster

(ref. 17) ia presently Yeing opernted al o 2, Q-gmp

- begm level and-therefore at o slightly higher ipo<

latior temperature the in the corlicr thruster test, .
- After 4100 hourd of operabion in this test, no :ln- .

- dragsein. the Teokad current has been abserve.i

‘“Thus- it apptars.bhet the isolator leaknpe current
. phenomenon experienced-An pavly thruater and ise- |
lator tesbs hes been idenbified and that Suifable -
modifications hu.ve. been imple:nenbcd Lo cnrrnct. Lh\.

Summn.ry and thc.lu'n'idna" T
In ovdér bo eliminake surfdace leakese current
. pwoblems found. during earlier thruster ond lsclatoer
teshs, Geversl modifications iy iclntor design,.

fabrication techniques, end opernbion. (suggessed in
ref'. .8) were implemonied in the Engineering: Model

isolators and several Yife’ fests were performed-and. -

reported herein, ' The isclabor tests performed were:

- 810,000 <hour test of.a-MIV. aperabed withoub mep-. -

: cury Vapor ‘or didchirge; ‘s 18,000 -hour test bof a

.. "400 meries" OIV (pu.rtially mndiﬁed) opernted with
- mercury vapor and g discharge, and Lwo Lh.ruster
life tests (refs, 16 and i},

“The MIV-test wis. opevated At ~330° c nn& dn,”

than those found on-a normelly ‘operating thruster,
There was no increase of current. measured during

. .the lifa. tesht aboye the. 0.1 A curvent méasured. abo.
-~ ‘the, beginninL, ‘of -tHie test which 18 ‘approximately - -

. the bulk econductance of t'.he igolator. This test
demonstrated that the previously ohrerved surface
lenknge - éurrent due bo seli-contaminetion has been-
C-eliminated by the unplemented isolut;or denign n.nd
- ,1nbr1cu.tion modii‘ica.tions. R -

.. The CIV tent was operated ab an ‘imclatopr tem-.
: . 560Y".¢" anid with 1200 velbs:

discharge a'.‘.mula.t;ing thruster operation,
test conditions were more -gevere bhan: found in-sn’
operating thruster, -An average legksge cwrent in-

oo - eresse with time of ~3. L0 w“t/hour WA, u‘nserved :
VBT, approximu.tely bhe Pinals 14,0007 hoiles 68 thi™. 7.5

The source of the leaknge current in the CIV

- Cleaning of the isolator sur-

. Lest.
best:is dot- eerbain.
“face early in bthe tést reduced the leaknpe cwrrent
to-2 pA, Hokever, ‘a eleaning at 16, 260 hours re-

: 'developed
in the leaknje currant by ab least o foctor of 30,

- Yife test (zef. 16}

- Alfber the test, '¥- .

"the imolabor.

sl i 3'81t!<ibr'oder 'géﬁ"'ﬂ_{lsﬁmée RN

ticyoss Gha iuolaé:or with mertury vapst flow and a”
Again bhe -

1l MEm'y

i Jeryent beo.d8.5- ;m, WELEH: mmy ER- T Tt
. -'d:.cu.te bhm‘:. sozre int:ernu.l isolutor 1cak.nge My have’

The observed u.verugc 1euku.ge currenb

inerease of nhonk 4,0%10%% pAshowr over maojor por- -
tion.of the t&st ig well within the established .
isolator performance requirements, Recause the CIV
imolator wan operated at o considerably higher tem-
perobure than-found:in sormol thruster operation, -
the leakipge citrrent rate of incrence cbgeryed would

_ be much higher than thoae nxpeched. under noxmul op-

erating conditions,

ylormance in the- 10,000 -hour .
and’ the present ongoing test @
(vef. 17) haso confirmed theb the modifications im-

‘The fsolntor.

- ptented-heve -solved the isclabor -leankage problem,

ginee during the 10,000-hour test and after 4100
hours of the ongoﬂ.ng tect neibher the cothode or

mein dgolntord- heve experienced any neesirable ine - -
"crensd-of leskage curyeént.,

‘Therefore it is felt’
thet the lenkape current problem experfenced 4in
earlier thruster mnd isolabor tesbs has been jdanti-

Tled and desipn, fsbr!:abtion, and operction modifi-
- cabions. implemented hnve cc,nect;ed tlie problem. -

A;mendix = Panchen Bren.kr.luwn in Mercury ‘anor

For x‘e;erence, breakcicmn dhornctdristica ar L

”mercury yopor and a brief deseripl.ion of isolu.l‘.or

de.-:ign conniderabions will rallmv. E

The mereury vopor isolabor req,uiremcntu include

“the. capo.billty of ‘withetanding. high voltage (-3_..00 Sl

volts} over g wide rénge of mags flow rate through
The large variation of mess flow
rate during thruster operation resulis in large-
varintions of pressure (0 to S0 toxr) over widch

_.the isoletor must be able to stand off the liigh - .
Lvoltege

- Mo nchieie’ the standofP requireémente, in -
the: aegnent:e.d type of isolutor bhe isolator body
is divided dn-e number of shnrt; thombers. of equal

Tengths by optiedlly derise screens in o mannar sueH

that the total applied voltage is: 4n:prineipel di-

«, wided-equolly. among-the chombers gnd: the-volage & -
betusen adjucent sereens is thiis hely below the .

Pgschen minimm, The minimun hreu.kduwn voltage oi‘

: mercur “Vapoy hus been Towid to be

vmin = B6Z ao(n/a) volts (z'ef (ao))

: whexe-

) ﬁ dimneter of electroden

Thia vuluc of. breakdown voltage is in good agree- ‘

" ment ‘with minimums.of ofher measured Paschen curves:
The angiybicgl -

- models proposed for the Paschen minimum, howbvesr; .. - -
do not offer such: dgreement. in the literature’ (rei‘s.'
" 24 and 35) beeause of varicus assumptions used in.
+ - treating. breskdowns res ulbmg from-effects of Bec~

(refs, 21 to 23) shown in figwre 7,

ondary eleetrons,. surface chavge, insulation :['lnsh—r

aver, EpE.CE charge, an:i mugnc%.:[c fielda. L

Ilei‘erences

Y "A_ snlar-meci:.ric Bp&eecmﬁ:
‘Tor the’ Enkd’ SI.cm Flyby Mirsion,® ATAL ?nper ;.
73-—1125, La.‘k.e Ta.hoe, I‘IEV., 1973 : .

2. Mo.uek T, D., Richardson, £ K., and Wahkins,
"Bolar Electrie Propulsion Stage
- Interzﬁ.anetmnr and Earth Oribkal -




5

A

6

10,

King, H. J., ek al

-_:-.Feun, D..G,; et Bl
Ton Thrister Developmem: Program,™ AIAA Po.per ’

-Mission Applicntionn," ATAA Po.per 73-1124
. Lake Tahas, Nev., Qct. 1973

Gilbert, J., -tnd Gubtman, €, H., "The Evolution
of ‘the SEP- Stage /BEPS/ Concept," ATAA- Paper
75-]_122, Lake Tahioe, Nev., Ock, ~Nov. 1973,

- Nakanishi, 5.y "Eiipéfimnéal ‘Investigation of a "

High-Voltoge Isclation Device for Ion-Thruster
Propella.nt Foed," NASA-TN D-§555, Aug. 1966.

"Low Volbage 20-cm Ion
Thruaherﬂ' HASA 03-134731 Nov lar4,

. A5,

18,

17,

Pye, d. W., "Cemponent Develomenh for o 10-cm e

fereury Ion Thruster,” AIAA Paper 72-487,
Bet:hesdo._. Md., April 1972,

Colle!.t C.B;, "Endurance .esting ol 'a 30-cm -
Kaul.‘nmn Thruster,” AIAA Poper 75-1085 Lake
'I.'ahoe Nev., Nov.:1975 :

Manbeniem. B A, "mvestigu.t;n.cn of Hercury

RRETY

" g0,

[ Thruster Isoletors," ALAA Pnper 73-1083 Lake - -

Thoe, ‘ Nev., Nov, 2!.973
S "e. UK 10-em Mereury

. 5= 389 Hew Mrleans, La.., Mar. 1975

Nu.kn.ninhi 8, "purobility Tests of 2 Five-
Centi.metex: Diameter Yon Thrustér Bystem,"

TU U ATAS Papir 72U 15L, New cr"leans, Lo., Nav. -

1.

¢ Dee, 18T

Na}mnish;l., a.', "15 000 -Houwr Cyclic Endurnnce :

Test of an B-cm Din.meter Eleectron Bonbardment
;MeFowiy Ton Thrusker," ATAA Puper 75-1.022
l{ey Biseeynz, Fla,, Nov. 1976. )

“Tomes; ‘N. B., YDeveloprent end E'ndum.nce Peab= .

_ing of High-Temperature Ceramic Voltdgs-
Regulnro:' ‘J.‘uhea," nasA CR-—lBl:’: ) Apr la71.

Ce.rroll P B , et ol "Hen.tar-[,'abhode “nves-
“bigation," Hept. YFS6, (137-3028-L) - June 1956,

Bylvanis Flectric. Productn e, .Kew Gn.rdens R

N X.

Nuelcke C. L., "reteriomtinn ;1ec!mnisms in
E:Lecr.rnn Tubes," Monograph No. E, _1958 A:r:inc ‘
Resenrch Corp. s An.napolis, l-‘ld - :

21,

.

25,

.24,

.'359

.Collett, @,;

: King, H,.:J

~ tinl of Discharge in Ilcr;_:urx Yepors
- Lekhicheskai Fizdld (Mol

Chuiken, B, ¥., e¢ o,l., "Sis.ver Migrabion u.nd

Frinted 'Hiring, ".Indugkrisl and Engineering’
Chem iatg{, " yol, 51, Mur, 1959, pp, 299-304.

"hruster Endurnnce 'l‘eat " NABA
UR-135011, Hay 1976,

Uollett C. R., Bechbe.‘!. g, ‘I!., "15 Ooo-ﬁou::
Endvr ance Test of a 900 Serlen 30-cm Engin-
- .eeriny Model Ton Thruster," Proposed ATAA ..
‘Faper 75-1020, Key Biscayne, Fla,, Nov. 1976,

.5 8t el., "Low Voltnge: 30-em Ion
“Phruster;" Fipal Report; NAS3-16528, Oct,
1974

Hirtich J TN Karslnkr.., Wey 'Lnng Life-
time Cathodes for 30-cm Thrusters,” Propomed
“AIAA ‘Popoy 76-988, Key: Biennyne Fln., Nov,
1976,

Smibh B emd. Davies !) By "Iunizu.binn Phe-'
nemena in Mercury Vapur, " gth International
.Conference on Fonization Phaenomenon in Gnses,.
‘Vol, 2, Centre d-Etudes Nucledircs, Pa.ria, i

’ 1963, PP. 21.5—216 '

- Ignttien Poben-

Gusevu., L G.,
" Zhurnel

u.nd lﬂ.yurff.l' d

pp. 1183-1178.

Hockam, R:, - Rl dotricel Breukdown of: Meveury -
Vapor Bebween Mild Bteel Flansy Paradlel Flac-

brodes,” International Jewrnal of Elecbronics,:

“Yel, 26, Juie 1969, pp. 579-58%,

Johnson; P, G., end Parker; A, B., "Elect'.rical
Ereakdown: of Fercury Vagor Belcy the Patchen.’

Minimum,". Journol of Physics, Part D: ggie

Phxsica, Vol 3 1970 TP, LSS-LS'I;. :

_Govinda, Raju, G. ., and Hackam, R., "Hobte on’

"Paschen Liaw. and the' Sim:l.lu.rity '.{'heorem gt the

© Minimum Breekdown Vcltage " TEFE Transoetions
on Hl.asma. Science, Vol. PS—Z June 1974 pp
63-66 ; )

Mi.'Ller, H. €., "On-the Va.']:i.dity of Pnachen'

~Law b Values of pd Hear:and Below the Pauchéhf---:. .

Minimum." internationsl Journol of Electro-
‘niesy _}fal-- 2a, Jan, 1967, 'pp. S1-84, -

5P oF. -
“ enﬂczgmw .
_-omfmAL PAGE 87 RO

J VoL, 34, 1984, -




E-8921

1if
10 0 Present
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Figure 1. - Cathode-lIsolator-Vaporizer (C1V) assembly.
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Figure 2, - Schematic of CIV test in 30 incli port,

7 o CIV ISOLATOR TEST IN
OIL FREE BELL JAR
6 BEFORE CORRECTIVE
& MEASURES TAKEN
= a MIV ISOLATOR TEST IN
ks SAME BELL JAR AFTER
FI CORRECTIVE MEASURES
£ | TAKEN
(X1 |
i
(4]
be
3
1A
I
0 2000 4000 6000 8000 10 00G
TIME, HR

Figure 3. - Leakage current with time of M1V test,
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LEAKAGE CURRENT, pA

LEAKAGE CURRENT, pA

TEMP%RATURE.

TEMPERATURE,
o

IOOT' / — . VAPORIZER
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0 2000 4000 6000 8000 10000
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Figure 4, - Leakage current with time of CIV endurance test,
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BREAKDOWN POTENTIAL, V

ﬁﬁ
[ CURVES 1 & 2 (REF, 23)

lxlof]-‘T 1 ‘,L.A-Jl_ i 5 ;..ul; L 1.1.:.120 | lléln l IEH;CU
i ' pd, torrcm

Figure 7. - Paschen curve for mercury vapor (pressures cor-
rected to 0° C),

NASA-Lewis
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