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NOTICE

When (k v er n m en t  drawings , specifications , or othe r data are used for any purpose

other than ii ~ connect ion wi th a de f in i t e ly  related (‘~ vernment  procurement  operation ,
the Uni t ed ~tht*~s (~~vu r n m e nt  thereby incurs no responsibility nor any obligation

~ hatsoe~ & r ; a i i d  the tac t  that the Government may have formulated , furnished, or in
an ~ wa y supplied the said drawi ngs , specifications , or other data , is not to he regarded
b~ implication or otherwtse us in any manner licens ing the holde r or any other person
or corpora tion, or eonve~ ing an~ rights or permission to nianufacture , use , or sell
an~ pate nted invention that ma~ in an~ way he related thereto.

FORE WO RD

This t inal report was prepared by Fairchild Industries , Inc., Fairchild Republic
Company utder  Air Force Contract F04611— 72—C— 00 53 , uPu~sed Plasma Propulsion
Tec hnology ‘

, \lS l 17R300 .

The re -a’arch reported upon was supported by the Air Force Rocket Propulsion
Laborato r~ . The program was monitored in the Liquid Rocket Division by
Lt. Sharon Pru it t .

on this contract began in March 1972 and was completed in May 1977 and the
pi rt ro nt s tudies of this period are reported herein. This report was submitted b~
the authc rs in ~\1a~ 1977.

The authors w ish to acknowledge the significan t contributions of Mr. W illiam Johnson
in the Labor atA )rv effort. His skilled craftsmanship and m any meaningful suggestions
were a sign ificant contribution to the SUCCeSS of this effort.

This report has been reviewed by the Information Office/l)OZ and is releasable to
the N at i o n a  I Tee hnical Information Service (NTIS) . At NTiS it will be available to the
genera l public , inc luding fore ign nations . This technical report has been rev iewed and
is approved b r  pub lication; it is unclassified and suitable for general public release.
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1 A pulsed plasma thruster system delivering one millipound of thrust at a sustained
fi ring rate of . 16 Hz and specific impulse of 1620 seconds was developed , design ed ,
fabricated, and tested for a total of 12 , 183 pound—seconds (55 , 7 11 Newton—seconds)
of total Impulse prior to volunta ry shut-down of the test. The system utilizes high
( i a  rgy densIty 40 Joules/pound (81. 7J/k g) KF-film capacitors and a completely
packaged bread-board power converter. A total impulse capability of 37 , 500 -~~~~~~~~~~
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pounds-seconds (166,810 Newton- seconds) was designed into the system and the
resulting 23.44 pounds (10. 63 kg) of solid Teflon propellant is stored In the shape of
a helical coil having an outsid~~diameter of 17. 32 inches (44 cm) and overall height
of 6. 25 inches (15. 88 cm). 7he system was refurbished after completion of the
endurance test so that the ~ ‘Ial compliment of propellant could be restored and run
to complete depletion at t~~ AFRPL during their in-house endurance test. This report
describes In detail the system and results of endurance testing at Fairchild Republic
Company.
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1 . 0 INTRO Dl (v 1~lO\
.\ i r  For ce  requirements  for low thrus t  propulsion systems capab le of de l iver t n g

Ia r~ total impulse  I t t i ’  I sc on s ite! lites to provide auxi Ii a r ,  control funct ions have

ins p ired ser ious  e o n s i t k r : i t i o n  of electric thrust ers  because (I f their  high spec i f i c

impu I~ i’. \t  the 0u sd of the program reported upon here in , pulsed p lasma thrusters

us i ti~ solid 1 i f lo~ prop ellant hal I r ecently I)( ’en scale I up from micropound th rus t

lcvi 1~ te the m i l l i po in . l  thrust  level r cqu ire (I  by the Ai r  l o rr y . Those in i t i a l  sca l ing

i’I’for Ls had been carried eII u n I  r N \ ~ A La ngh’v H. C. fu nding . ‘ ‘ The f i r s t  ph i se  of

his  program ~ as in i tb i t c d  w i t h  ~hc sole objective of op t imiz ing  p erformance  of a

m i l l i p o u n d  thruster . In I t I r t i c u l a r , a ~oal of ;l0 ’~ thrust  e f f ic iency  at I 500s Sp ( ’ i f i (

i l l ipuls e  was ( s t ab l i she i l  }~~ the .•\ FHPL for that phase . This objective was met a’i l
r a t e  se & r a l  t im is during the program “. Having met the per forman ce

a siI ’ond pha ’~( effort  was ini t iated in which a laboratory thruster s v s t t m

capable of k i  i . e  ring 37 , ~0() pound seconds (166 , 510 Ns I complete with breadhoa i’d

ron~i s w  as to be de s igned , fabricated , and endurance tested up to 10 , 00~l pound
- i ,  ~lln ( 1s (4-l , 4~ ’ I N s l a~ 101 ~ duty cycle . This seeoi’. ’l phase effort required eons~dera ’le

l~ r 154: n thi state — I l l — a r t  e~Ip :Ic itOr energy dens i ty , as well as evaluat ion af s~ v~ ra I
new c riecpts ri ’~~i r dj ng  .s tora i~e of t h e  required 25 pounds (11.34 kgl of propellant and

k ’ I ~ng td  the propellant into the n e w l y  developed side—t ed nozzle configurat ion.  I h e

ti -i t t h r u s t  ‘e s’, ’st cm ~va -i fa ’ ricated using helical teflon prop eIlan~ ( Oi l s  to m i n i  in i / e

the volume ti the l I ~( ( ’~~I L~c an I ( stp: I( ’itors manufactured by Capacitor Special is ts , Iiie .
in  .vhieh K F — f i l m  p r I ~ v i r . v I  fluoride) die l ec t r i c  was ut i l ized . Concurrent with the
t a } ) r T  cat ion of th i~ ‘ l j ( ~ I i  r o i l  s\ stem , a test  thrus ter  u s in  s t ra ig ht prope 1la~ t. rods
wa s  a 15( 1 is - is f lu  bled s~ th at  the concept of feeding propellant  into the nozi Ic from the

sides couli I he yen t ied . The ini t ia l  heli cal coil propellant syste m was never run for

a n .  s igu i i f i  c u f f  p1 r io ’I  ss f  Li rue because of problems wi th  t h s  feel .! svs t t ’m , s t r ip  lift

I usa Ia t i on 1) r’(’ LI I tw fls , a n i  (‘a pa ( ‘itOt’ leaka .&i’ . l’he comp lete res a Its of the i n i t i a l  worL

I c ,  h s’~ -~ ii were reported upon i n  Reference 4 .
A P h. I I~~h ~h’ ‘arl v a t t ( ’mpts  a fabr icat ing the mi l l ip o u nl i sy s tem to meet the

en’luranet requirem ent s ‘‘s ta i ) l i sht ’ ti as a ~~r il for this ~)rogram were not SU( ’C( ’Si( fU l
f rom th s ’ a nd poi ft  of me. ti  n,~ hat  goal , ( ‘onsiderable knowledge ~~ ~ ga ! ~ “I a ~ ‘I
resu lt  (I f tho~ ‘ effor ts . In p i r t i  eulai’ , three major problem ar eas  ~ ert ’ ident i fied for

which r~’ isouahh ’ solutj on~ wer . fo rmula ted .  l hesr problems were
( i t  ( ;iVleito r leakag e in a vu cuu r n  env i ronment  dU l ’ to poor can

( ‘onst ru cLi (IuI  an. I i f S L I f f i C i ( I I  Qua l i ty  A ssurance  dun ng manufacture .

I )iI I ~I ) fl f. T t r a (k ’ ni mc for Po lvtetr a f inn roeth V I I  I ll



(II) Inadequate thruster stri p line insulation in various “trouble spots ”.
(iii) Propellant rod binding resulting fro m large frictiona l fo rces between

propellant rod sections and a feed system waich was not truly inde-
pendent for each section of propellant.

The solutions proposed to eliminate those problems were :
(i) Procure new capacitors with the can design and manufacture controlled

by Fairchild Republic Company. Utilize tougher screening specs during
each phase of production.

(ii) Completely redesign the insulation of the capacitor strip line to accept the
new capacito rs and eliminate local electrical breakdown problems.

(iii) Modify the existing feed system so that individual propellant rod sections
could be fed in a more independent fashion and minimize friction between rods.

Two Interim Repo rts were released during this effo rt . The first , AF RPL— TR-73-79 ;
contains Information relevant to atta ining the desired thruster performance and the second ,
AFRPL— TR—74 -’50; describes the basic original design and operation of the thruster
system in addition to preliminary data on radiated and conducted E Mi.

The work performed to incorporate the above solutions and the resulting success-
ful generation of 12,183 pound seconds (54 ,192Ns) of total impulse before volunta rily
discontinuing the endurance test forms the basis for the majori ty of that portion of this
program repo rted Upon herein. In addition to the above, some new problem areas were
uncovered which surfaces only as a result of being able to run the propulsion system for
a long period of time in a vacuum. These problems and the steps taken to resolve them
are also discussed in this report.
2.0 GE NERA L DESCRIPTION OF MILLIPOUND THRUSTER SYSTEM

Solid propellant pulsed plasma propulsion systems may generally be broken down
Into six major component subassemblies. These are the power converter , energy
storage capacitors, strip line and electrode assembly, discharge initiating (DI) circuit ,
propellant , and supporting structure. Each of these components is described below.
2. 1 Power Converter

The function of the power converte r is to transform the Input DC power typically
found on spacecraft Into energy stored in the capacitor bank at a predetermined rate , de-
pendent upon the fl nlngfrequency desired. This is accomplished by charging the capacitors

to the appropriate voltage necessary to generate the rcqulredenergy . In the rnilllpound
thruster system , a total capacitance of 275 mlcrofarad s Is charged to 2335V for a total of
750J. Charging occu rs In a maximum of 5.38 seconds , yielding an average output power of
139 .4Win thatper iodoftime . The Input voltage to the converte r is 28 ± 2 VDC under load.



In a Ic l i t ion  u t h . :i ’~oyc out put , the con iert er a Is .) p rovt  ( II fi f t  eh~ i r ~i’ of 6 2 J  V to
the 2 m ict o fa i ’a i f s  of ( ‘a l ) f i c ’ i t a  ( h I ’  in  the  DI c i r c u i t . The uvc~’a 11 ( ‘i fi c ’i ( ’n~ v of tht ’
pai’k:i~ . i  b ’ ea lboar i c ’vcrk ’r  i i a n t i f a c t u r c l h~ \~ i ln io r e  I- lec tr onie ’-i , Inc . , is’ ’o)

A si ’h’ ’mat ic  a IIJ listing i f c ircuit  ( ‘i) ’np o nenIs t a  ‘i be u a i  I i n  Reference I . It i s

I uh:It al though t,h t ’ convert e r  p r o c u re . I for th i s  p r t iy  r u m  15 5 l ) re a ( Iboar , I  ;s rs iu ’i
t he I in ) en ~iionj~i of the ~‘sIe rj o ‘‘  case are onI ~ 2 . 5 x ~ ~. 1 n i h  ‘s i i ; . is x 23 . ~2
25 . •lemi and the wei ght is 5 pou nds (2. 27 k gl .
2 .2  En ~’ ’ S ~~~~i r e Ca~~ citors

I IIt L’gV sti~ra~ i ’ c:s pacitors were special ly ma nt i fa ~’t u r t ’ s i  for thi s  f ) ro grunl  to
i nsure  a r elia 1)]( ’ h ermet ic  seal . Wi nding s , i mpregnation , and f i n a l  ss ‘s l in g were

l o u t ’  b’ ’ Maxwell  Lab oratories , Inc . whereas the a . ;tu al  cans wi re provided iv l a i r —
hi Id Republic Co m p i ’ i v  which 5u 1)ervi sed the construction and provided the ns’ces arv

q i l a l i t y  as - i f l r ) I f l c e  S p t i ’i h e a t  iouis . Details conce rning the m an sfactu  ‘c of these ca ; I a—
( ‘it ol’s w i l l  he fOli ki i n Hefe i ’ s ij ce 5. The work was funded by th e  NA~ \ with Jet Pro—
pui s ion  Laboratories a cL ing a cs) ’I t  r act adlninistr ators.

l ’our c ;ipaci tors connected in parallel by a low i iidu Lance s t r ip  l ine .t -usembly
are ,i ’ lii.ed rn ‘he mil l ip otin d th ruster. Each capacito r hs -i capacitance of approx-
imate ly  (~~ i n icrofarads and weighs 5 pound s (2 . 27 kg) for  an energy den~it v of a7 J/
p i c u l I  I . 73 / K~ at 2Ti Ti V. The . l i e l ce t r i e  sy s te m is ( O i u p s S s ’ d  of K l” — t i I m , frn ;W r
and a - t i i ”  oil . Th ’se u n i t s  hu~’ , ’ been de rated f rom 5KV and as m i r h  have a l i fe
( X f s ’ i ’ t t l1~ ’ V i n  ‘X( ’( ’ss of t en mil l ion I i seh : ir ge s  at the thruster  operating vo1ta~ e.

I Ii~ (‘a p . t c i t o r s  are  ~~~ 
h i , , I r i ca l , havi ng a diame ter of 1 inches ( 10 . 16cm~ a n t  ts ’n ~th

( i t  6 i nche s  ( 15. 2 4 cm) .

2 . :i ~~schurg e In i t i a t i ngj’ireuit
A schematic t~ the Dl c i r cu i t  can be found in Reference 1. This c i r c u i t  is

eit ’il to f i re  the solid S t : I ’ I ’  ig nit or p I t i ~ wh i ch  is 1o ’atc I in  a c e r a m i c  hou sing lu st
ahoy,  ~h . t h r u s ! c r  e s ~h s J i ’ , The p 1ug cstho,h ’ I i i  t h r u s i r  (‘athodi ’ are e h ’c t r i r a 1 l ~
si ‘p_ ir a ’ s ‘ i i  1) ’, rn 5 )hrn t res I S t ; I  l i ce . Thu 1)1 e i r c fu i t  pro ll l( ’es 1 fast r i s i ng  oltae, e
pu 1st ’ :t ri P-i s the dii ; ,  cails ti~ a s l id ing  is ‘‘h i rgc on the surface of the exposed s e m i —
s ’ s ) n t ’ l ( t u r  wh it ’S s t ’psr at  a ano dc from cathode . This  m i i ’ro d i s ch ,r ~ ,- , ‘x t r a ( ’ t s  a

min s u u l t ’  t n i i n i  i of scm iei in I i i - t i  I r s~ rf ace ma tu r i n] which is n ’cI ’lera’ s-d act - i ) -is the
l I I t ( r’ s ’ l s ’ I - u r I t ’ k ~ ga f i  through a . 2 5  in ch  (6. 4 m m l  diameter Ii 1 ’  in  lh . ’ th rus ter  ( ‘ :Ith od ( ’

‘a is l ug hr e il ~ lo ,v U to • e el ; bi ’twue a he thru st  s r  cathode fi n d thru st er  a’i,eI. - .

2. 4 Fe lun P j~~l,l au t

A th r u s t r  s p ’ - s ’t f i i ’  impu l se  of 16OO ~ ‘ t n t  design total i rnp ulss ’  ut ’ 37 , 5 0 )  , t t a e I



~t ’~ i i i i i Is (166 . ~l ~ N~~3 lea ,  I to a r e , 1i i i r ument  fi~;’ 23 . I i  pounds (10 . 63 kg) of propel lan t .
In ‘ e’ ls ’r to m i n i m i z e  the overa l l  s’~ st em volume , the propella nt is stored in the shape

a h e l i x , h av ing  an ln.s i i k ’  d i a m e t e r  f 11. 70 ini ’h & s (. 3 7 t i n ~ t n - I  outs ide d i a m e t e r  of

17. 32 i nches (. ‘I ’lOm).  l’he c-ross sect ion of the propul l in i  rods ii i  r ec tangular , h a v i  rig

a height of t . 0 inches i7 . ( 2 i - m i  and v. i t t t h  I 1. 31 inches (3 . 3 : t c u i o .  The h e l i c a l  p i t ch

is 3 . 25 i tic hes /360 0. I’wr ,  sepa i’at i  h e l i c a l  r e s t s  icc ’  fed i nto the interelectrode gap

from e i t he r  s ide . The rods ar e  si i l ~~h r  y i r l & ’ ( I  i f lt o three s c ’ p I r f I t  t sect i ons to form the

31 inch o v e r f i l l  ~ id th . h it- i nih “most  sect ion is . (3 inches (1 . ( cm)  wide whi li the

m i i l - h l c  and outside ~-a-et ions 1 sa ’ Ix tli . 33 i I(’h(’S (. ~ 1c m)  wide . I’~ a( ’h of the sec tions are

fed I nt.o the int erelectro (l i  ‘ ; i : i p  t i s i  ng f l U  in dc ’pe nd t -n t  Spl ’iflJ ! feeil  sy s t i - i n . ih e  i n n e r  s i t t  ion

was fed using a -~1i r i  nr~ load - i t  i l l i s t u r  pul l ing a cubic ’ atta ched lo the r ea r  end of the rod
and the other two sect i ons  \t I - r i ’ fed u s ing fls, -g f t t o r  constant  fo r ce spr ings. It is noted
th it although the innermost  ;~s 1( 1 m€ ’a su  rs-s  - 

1(  i nches  w i k , it was  i n i t i a l l y  manufac tured
as two I nd iv i c lua  I r sne-~ t : i  eli mi ’ : i  —u;r i  ng . 3:3 inches ~- id  . These ~ erc later bonded Lo-
ge-thur by i t ch ing  the su t ’ I tces to he hon i ’d wi th  a sodium sol u t i on  and then cementing

the etched ru Is together w i t h  a f luoro ca  rho ;; -u meat. ‘I’hv reason this wa s  ilonic is

\ 1d:1 med in Referen ce . Ii ; 11 fu tu re  p r ogr f i  ins , the i nnermost rod wi l l  he manufac-
tured  a a si ugh- p 1 c c - u  but h er  i r p s  ~~-s of th i ‘ e n d u r a n c e t es’t reported upo n herein ,
the cemented in rR ’r n ;o st  rod wa s  used .

‘l’he hel l cal  p r ot  h l a n t  rods are m a nu f a c t u r e d  1)’; f i r s t  hav ing  ind iv i dua l c -v h ind ers
molded to appl - u’f l mat e ly  tb ’ correct ID and 1) 1) . l’l’usc are then machined to the rom ’ i - t c ’ t
s l i a m u t c rs such that th e~ f i t  snugg lv , erie w i t h i n  the other- , s i m i l a r  to a telescope . Each
set of th ree  t v  u n  k -u - s  is  th en p laced on a t r I i ’ i  ng machi n. which fol lows the appro pr ia te
h e l i c a l  eont our to ;,r i t i i  ~ t I m ’  r i t:- ) . \ ph it i’~raph of the c-vl i tahi ’ rs  i t u r i ng  the mach in i ng

~ro~-~’s~ is pre sc-i i tud iii l”igu ;~~ 1.
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l i g u i r s  1 , -l I on ( \  l i i i d ’ t’ Dur ing  I l c l i c : i h  ~1 I - h i l l I n g  (~~e- u’ f l ~ , ’ i

2 . 5 ~m c i ,  I i i i .  - c i i i  I IT I t  ‘ c - t i ’  Ii ‘- - - i i i  ‘ ly .

l b  f c i i i ’  i i }O ( ’ i I ( i i ’ s  a rc ’  ( ‘ I ) ? )  h e L l - I  i ’ i ( - . t r K -J I I\ in V~ 
t l l t ’ l  lcr ’i:J i :1 low

i n d i  - t a l i f t - st . p ‘i i  I S—i  - i t h l v .  ‘ l ’he h _ i l l  I i  lit ’S a t — i I i tm t t ’ N -  i t s  ( I Us )  U~r . 1) 2 I rich

(. 53mm I copper h - s t . \l ~h :i i’ i s  thsed  ‘x ’ t -wi ’ i  ‘ i i  the sD’ i 1 I S h i S  1(0’ e lt’ ’ ’t i’t - : I  I i nsula —
t i - li mil ‘ h i ’  ~ ii i c ’  i - ~ t - r  l i e ’  su i r fa i - i - , including t ’ i l i ~t - , j~~ m n s m u l a t t ” I  t I s ) u i i ~ - I 1 2  i nch

th i ck  \F; \1 \ 1 0 p 1 11 ih lii . I i i  h a i i  - (S ti r i se ’  j u~ l a t t u i n  1 is ,  i u’ ~‘uck’ s  s tr i i  ‘ t o  h ’ : i

r i g i d i t ~ to th i - s t r i p u n -i-i . [l - c - t r i s ’ t , - ’ - x t e n s i s n i  l ’ i u f l h l r i t l u t l t s  :ire I : i S l c ’ h h , ’ I  to ‘hi  , ‘ I ’ n ( t ’f ’

of th i - ~t r j 1)  oh a St i l l t  I I \  l b s  - ss  1 ci - f i l i i ’ i c - a ’ c i  us ing  . 0 ’ 2  I . 6m rn ) ‘ ‘ i i u i - i - : t i i i l f i t ’ s ’

fI lS ’i  ul.~I i h : ’ 1 . - I  ‘ 1 5 1 ( 5  ( ; — l o , r h -  -i i i r t : i , ’ e  u t  thc ’ \ t e u f — f i s l u h i - i  P s i ’ s of t h  O i l ’  Is I 5 i ; t i l i z o -~I



to intercept heat gene rate ,  I - t t  the t ’ lc’c’trode before it ca rt c-i ~nc t uct back to the ~~~ o ‘itor s .
F; lectri cal isolation i -if this para l le l  heat c on d u c t i o n  j rn th is prov ided hi ’ p l a c in g  ci slab
of P~’ r - l l i u m  Oxj d . ’ P t . .  c, -n the sur fa  ‘ ‘  ‘1 th ,  ~‘t ( ’ f l -i i i , p,~- ans i i_ h i ’  heat  c onduc tor  line .

I- I c c t ro - t i - s  were m h i t t a l l \  f : ihr i - a t c - i t  f r o n t  copI r hu t  l a t i - r  in h ’  test , \ h i u i vh _

s i - a I m  and Tungst c-n ~ c- cc’ l i-a u us - ‘I , l~~- t c i  i ls - i Incc - r n i n g  the elec trodes are p r c -s i uLe I
in  1 suh si -quent Sec t ion  of th is  report .
2 . i~ Structural  uj ~~o r t.

‘rhc basic approach used in  the design of the supporting str cic - turs ’  consists of a
cen t ra l ly  located circ -ul ar suppo i -t  r ing which is the  main  m ember  :t;id also set -vs ’s  as an
alig iimc-nt  p la ne for ci s s -  cibl ~~. The I)o\k’c ’ r converter , p’ p e h l a a ~ support b ra -  -k ’ts , and
capacitor as -iernhly are all mom ; riLed d i rec t  lv to this member . It is noted that since
this thrus ter  was i ntcn1li 1 only to he ,i test s y s t e m  having no shoc ’I-c or v ib ra t ion
qual i f ica t ion  requi rement s , the s t r uct u r a l  ciupp ’ rt was l i m i t c - c I  to the bare m i n i  m u m
n c ’rc - ss :o rv  to support the thrust -r in the h or i - ,on t a l  ni sunt i ng conf igura t ion  rn -dy .
3 . 0 PRE LIMINAR Y TEST RESULT S

3. 1 ln icrrn i’cl iat e  Thruster  Sy s tem

I)uring the period of t ime that  the K F — f i l i n  c apac i tors  were being man ifactur c-d
(see Helcreacc-  5) , the rhrust c~r was modif ied  to acc ’pt ~l ci xwell l . c i l i ’~ of f—the -sho if

Mi -  Ic i r  e:ipcicitors havi ng a capacitance ut  GO mic rofa rads . Tlie ,si ’ un i ts  were , of
‘o, u u’si , u - i a -h hi r g i - r  both di mension~tI1v ci n i  w e i g h t — w i s e  thu o ‘ P - N 1: _ fl  lm ( ‘ f h f ) . l  ‘ it o~~s

Vs c rc’ c -~ y ’ i - c ’ ted to he . l ii- - G i ) m i  c rofarad  o f f — t h i  — shi  ‘If \ l a x c v , - l l  Un i t s  ~ ci gh 12 poumicls
( 5 , 4 3  kgl , f i r s -  cci t t - i l  c i t  s K V , and f l h c ’ f i s U r e  ( , 5 inch~ s (16. 50cm) lo ng h\ 6 inch -s
( i S .  2- len) in d i ; i  n s ’ t u  . ‘he-se c a pa c i t o r s  yen - adap ted to th i -  s ’~~t 5 t  t u g  s t r ip line
c i s s e mh lv  us ing  four  Il ~ i c  —s hc i 1s- il  st r ip  l ine c i s s e n - ih l i i - s  specia l l y di -s i gried and ‘ab c - i—

I for th i t  pUrp ose . -\ ph - s ts r ~ r c i ph ) i th ~l , r u i - c t s - r  s’, ste m w i t h  f hi .  - four My l a r
cap’ tc-i t( i’s iS I N - s i  i t s - I i t i  F i g i i r c -  2 .

- I;
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-rh~ purpose for r iinn i ng the t h r u s t  s r  in  th i s  i n t e r i i i t - i  ia  t i c-otc f igur a l i on  was t i i

g~’neratj ng long terri m i l i t c i  On Liii s~ s i t  rn as soon c e-i po -cs l)le -so t h a t  a t - i -, ( l e f ic - ie f l c - i es
i -ou t l d  Is- identi  fi& ’d p r i o r  t c u h c - t i  no ii  ug th e i -  t u a l  e nd u r a n c e test  which ‘.vould r un u s i ng

th u  - K F—fi lm cap acito i-s 1) 1, i ug m a  t n t  fa i - tn  r o ’ u I - In so r t i  en l:i t- , ns’w rnodi fi cations to th-
pr opc ’ila nt is - 1  s ys te  in Vs c ’r i - to Pc evaluated . ‘Fhem-u e I novations CorL;i  st c ’d of ph y s i c - c o I l  c-
sc ’par at i  rig the i nnermost prop -lla ’i t sect ion from the middle  and outer  si-ct io ’i5- tw a
- (1 1 m t -h (I . 0mm ) s t r ip  -if a l u m i n u m  mounted r i g i c l l ~ to the support bracket s  i t  thc~ OD
of t h e  inn er  rod section , and us in  an in d ep c ’n i len t  separate sl ic ing to feed the outer-
most si-c -Lio n .  The . 04 inch a l u m i n u m  stri p 1 r e fe r red  to hencefo ;-th as the spi i f s  a’ c-a i i ~
and thc- spring are evident  in Figure 2 . Thc- lwrpose for the sp litter ra i l , wh ich }O~’ I  - —
t r co t c s  about . 013 i nches (1. 5mm) b etween the inner and middle propc’ . lanl  s e i -t i ou .  , is
to take up the outward rad ia l  lo:id induced hi: pushing the inne r rod int o  th c- tie! s i t  -
f ron t  the hue-k i ’m i j , It ha I been m i  mit  du r ing  e a r h i c - t -  - xpi ’r i m s - n t c o t i o i i  (sec R - I  ere’~ ce Ii
th at  this ou tw ard  f .um ’ ’i ’ u u s hj  ng d i rec t ly  ag -u rist the ou ’ -i- Iwo sections Of propc- c rit
was caus ing  bind i ng li i I ’ff l t , -i ( ’ of the frj c -tj o ;~ j ;ict ic-r oi d . By separating the in :ier irs in th’-
outer  sect ion, , the f r i c - t io mio l  foi - i ’ on all s e ct i o n s  would be m i n i  m i i ’ l  nd 1) 111, 11 rig
would hope fu l l \  he c l i  in I n f i t s ’ , I . M itch the s :h rnc ’  si t u i t i o n  - .~i St c d  is ‘tween the mid ’ tie and
outer sections li - i l  th i-  force push in g  the m i d i l l s -  sc ’i ’t l i )u  into th e nozzle  was con .siderah1~-
h-ss  than tb-i t  on th e  in  icr S t - r t i i  i i i , cm - I h en es ’ the f r i c t i o n a l  loading ht , ’tweer m lii. - m id d le
cind outer ino - i t c -ci ’ c -t lorLa was  considerei I to bc .u lesser factor .

After  r e ( t t l I l j fc  n t  Iv sea l i n g  the cap’i r i t u u t - is by pott ing the r c ’g i i in  a round t h -  center
stud ‘-v i t h  ss ’mi r i g  i i i  •‘p-e ’c y and epoxv ing a s~ u i ’ ~- i a l l y  n ic ichine d r in g  around the rear  lid
si - i l , the thruster w:i s p laced on test . Several problem arc ’as b e c a m e  appa ren t as
t e s t i n g  we nt on. First , it became obvious that certain rdgions of the strip line assembly ,
pa rticularly in the v i c i n i t y  of the i ’ io ’ c’trode extension attachment lx) i u t , needed gr ’atc ’r
insu la t ion  r e .s ista ’n ’u- , Further at tempts  mit  better insulat ing this ar c ’cc led to the con—
e l us i o n  that a redesign if this region of th s-  str ip lint ’s would h i v e  to be accomp lished .
Thus , prior to fabr icat ing the stri p l In i ’s  which would he u sesi ivith the new NI- — f i l m
capacitors , a redesign of the c’x t s - u a i o n  a t tachment  area cc’as performed . A sc-c-en d
problem which :oro so ’ d u r in g  tes t in g  of the intermediate thruster \c ml s breakdo wn acros s
the ( ‘ u l ~~s - of tb , Beryll ium Ox i i l ’ ’ e lectr i cal  insulation/thermal c-onsluction i nterface
slab mounted on the high vo I t c:gt ~ t xtens ion. Thi s int erf acc ’ was also redesiguieci a - i  cm
r . - su l t  of th e problems e cm , ’ou i i ts ’r c- i  I l u r ing  pr e l i  m i i ~ i i -  ~ t’ . c l i n g . ‘I ’hc- ii nc i l  problem
which  su r i c i  t ’ . -d d u n  rig th i - s o-  i n i t i a l  t e - t s  - v a - - i  cos ~ i i ~ i c i t - I w i th  thc ’ po.c c r  converter . As
th - t e inp ’ ’r : it t i i - .’ !! i ( - r ~s i s s - ’ l du r i n g  th i -  a l s o  I i r i i i c t ,  the c ’ m i c ’ i - g \  s l e l iv c~— i, - c - m i t e  (outp u’ p o v - r I



p
h ’cr o - m s ’  u n t i l  t l i em -mal  m ’ q u i l i l i t c  ci i i  r i d s r -  t i - l i ,  d . t—~ n s te m po-r u u n

equihitic -iu iu ri m s cc it hi n t h u  m ’ : i u g i  ~p u-eiii s - t i i  ( l i n er  t i c - - c u - - a c - i , I t o - . in t l liii-

m ’ O i ’ m!\ t t s ~ l i v c ry  r a t s ’  i t  mlmi ’m’umm:il c’ 1 mc i li t mriu tm r i f t s  i - u u nsmuti - r : ili ’ l’ ’ss ‘I- ‘a ~hu ; u i i n j i u , i t m t i

s 1t o ’ t ’ i t j s 1 . 1 ru m s  u 1 i i i i i t i  t h a t  (h o ’  h i -  i t  d ’ - i s i p i t i v ’  (‘o m n p i ’ i ~-~~’S r i t h i t i  the us , u tc - t-i - ’r

wc ’l ’ i :~~it j t t ’ u u p ~’nl ~ h - - c i t  ~~i it- , to ‘ lii 5 - t i ’ l - t l cL ’ l t Or i  P tb lo c i u l i  i i  lo t h u  u m n ’. i t t i . i ; ’ i c - mg . . - i t

the 5 ’ u u ’i - s ’i- t c’i’ . 1- i l l s  ! , t i -  Usa -c i me f ur t h e r  t ;ident ‘h i  cm ci  t o o - n  t t - u ; i s i t c t ’ , m -  ii . in i  of

ih i - h u n  t iu ~lu ’ n - h 11111 , 1 Ia’c’,otlxi cin il-s tf t t l c s l  )s ’ c i t i c s i ’  i t  (t i ’ . i ’ t i l i t . 1 t i ~i f l  (IiSs utss in g

the proble m wi th  \Vj 1mw- s Electronics , the de1 -i ~io’ ii cms  m a - h  - to m m c c i  the t h r u s t  s - c

with ~hi- m -u u u ’.em-t er outs Id’’ t h u  v ac u u m  chcombem - . This ‘l ’ - r -is i s ,ci i c c-s :n~ u i - h -c’~iu ~~s

t j  rile a nd un til ng Ii in i t c it ~o’LS mad ’ - u m e r i i ! ing  the conver t er P m  - I- to \Vi Irnorc fou moW —

t o o - c ’  t o - i  i u ’ u ! m m l n t i v e . This  u l s ’ -ogu problem \‘,‘cN , howcv ‘i , .S O l \ c ! : m t u c’ i n  t h e  p ru u ,~r t i c

s t  S. - u ’t iofl  (I . ii  -
:~ l l i i i  the mro 1 )~c-m ’i s o ’i tecl thu ) ’.’, t i e rs ’ consider est  f l l i m i , i ’ u ’ : i l i lc ’  f i o r n  c i a  s n g i n -~ - i - i  ii

i cc  m m -  l poi at m d  r i -p s - c- s i ll ’. - ‘i i mb r ed I t l l u ’ f L t  to ths’ s ’y e t m t  m m c i  I p r i u p i i c -  I V u ’ u ) r  l i t  i - c ’  ) : i l ) j  l i t
i i i ’  f-i ’. si: ii. I h u  - ‘cis t i ir i - i h k-m  (‘ ni ’n ,’intn ’red , ho r n’ 5i’ t. , ~I i d I~~°’ ci i n e r t ’  luau ci m i-r i ta  I

i l u m s c - t I o t l . ‘tha t  pr ohlc-n i uce - m s i t - c t  i’u - u  it - erosion , Or , more sp e c i f i c a l l y ,  cm - u i - -don im f  t im -  -

i a  i i  - which 5 ro e—a I i t  t i - c i t  ion , I’he i’ i - ; t ’ o i h I  li i- eou n cec~n -st m ’mc-c f rom the f a t - I  t h at  the
u t i m l i  i sur fa u ’e of the ann I i -  w h i c h  i c-i i spesi~i I to the u h s e h a r g m -  w i t h i n  he pr o p c ’ l lmom t L u l l

is the p r u i p e l l a n i  t ’ c ’ i c u i n iu mg s h t e d u ( s - c - . II e r osi o n  of this ‘ c hi u ’ m l d ( - l ’  cy s t — i -  sc -vs ’rs - t - h m e u I n t i

i t s  ‘ u ) ’ f l t i ’ eL i l~ u ’ i i r n i n , i ’ c ’ i t s  a b i l i t y  to 115) 1( 1 c u ’.- in s- of th - - sp m~m n n  h i  led propellant r u t s

~~ i i ~ -si ti~~fl . t h e n  t i t c i t  taid ur ” iu id - i tove  ce - i - n - c s  tho-  ga 1 m and closc’ off the’ n r . rR- . This ,
ih 1  ci lo t - i , cc’oci lo t  rs prec -i ’ at a p o - i s i h h ’  f c m i l i t - - c ’ mo le for l i t -  s’. i - f t t i f l . It is i t u i t u  1 h c i t

i t  t h u  -r u  cc C’ ! - - f i t ) ‘m i - i - i l  , r ci i ins ~~ -ll cint rn-tat n ing  shsrj ld~-r on h - i r iS h ’ —c c t ’ f c t ’ - , oflu ’
wo uld not i- u i m l . l i i ’  ci m i t -li c’rosimtn c u c- s’~ i ’ s - a t  a I c i i  lure’ t i m i d , t- nouigh macti -.- ni :it u - m ’ i a  I
i ’ u , u ld  ‘c i -s ily it  i r s ) ’ .  l u l l in (hi’ sIiseh cinm ~t ’ region to : i c c o n n t i u l c m f ’  w h i t e _ - y r  tu ut ci l irnpnlso ’

ru t s  l - s- i 1ui  r u - i !  b’. the si ~tt s’oi . The nt-ed lo~ c i p ’- o ; u i - i i c iu ’ u’ i ’ t :t lii rig shu i’ulik’r w t h  th e-
r u r rc ’l i t  5, - s f - i t -i ( I s - S I L r i  p r oc i i p ts- I c on i m m e d i a t e  r o ’d e s ign  of the m i i i . ’ emi l  c’ u m t m c u i s l s - u f m t i s u a

o t t  mci f - i -  ma Is other rh -ui  u - i u ~ ipe ;‘. l~c mc - c i ’  I -in the pattern of t h u  - c c-on ion , -e r t au t i  bent ’ —
t u i i c t l  i l o t m u t i  i c ’ a t i o in s  to ‘Ii- c - ” c i s t i ng  electrode 1. -s ign hu- u ’c i rne mi p p are t i t  m m d  di l it -cc ’ dcsi n

5 , t r ;- i  V u ’ I c i t ~_ ‘I ’ht ’ c n ’ .~ c u n i t u t i ’  u t  ~~~~ ‘ ci for t h -  c-nd urc i  n~ c test abs t inc lud e -s t  1 m i i t t c

fi u- u t; o ’m t u i  th e , s t i r f cu - s -  i n  i’ .in t :mc- t cc it! ; hi ’  I ) r op el lac I l  n -h ich hert ’tof oi-e Pci I hu s ’s ’ .i f l a t
u n i t  wa s  u-h s nged In rico t-h thu ho if-al ( cc i s )  w hi m -h  i c t u c i t l i  s ’x i c — t s  on th i s  suir f ai - i’ .

ic - s r  the length of th. ‘ m m i i i i t - , this I cc - is t  i s  onl y about .1. ~ il s ’gt - c’s ’s l i i i !  i t  was found that
not taking this s ; mi : ill  s t i  nur tur e fro m t ru l y  F lat  i n t o  acc-o’.int led to on l~-si i- c ih h ’  hurn i  ii
of the prop e l lant  rod ’s u m n u l s - ; - c-s ’ir lace .



2 E nduran c ’ - I . e-si Th rust  I ’ m ’  ~v shs - 10

t 1ic ~ oPt m i n i n g  h i t ’ fl u’. K 1- — f i l m  i - c i p c m e - i  t o rn  m ind m c u k i  ng the n iu i d i f i c a t ion s  to th e

- i’.  S u efl found i1u - u ’es~s u r ~ dut - ing  t r e l imi n c. u n-y t o - s t u n t  o ) f the i n t s ’ r m s - m I i c m t s  V c-i t eu i i , Sm it e

p reP mu n a ry  i s _ s t  lag ot the t hr u tc ; t  n- i ’  w i th  these u c i l t m c i m i i i ’ c’c w i n  p - r f o r uued pr ior  to

s i t t i ng  the 5 \ c - ~t ec f l  on t i ’s ci t  l O i t ,~ t i i i t ~- o ” . c l e . In p a r t i c u l a r , th ru - i t e r  v rfo r m cmnc ’o-
wc m s , ’u r i f i e -  t and i se-ries of L h s ’ r i m i c  l — v c o c - u u m  ts at c -~ c - n - c p e r t u  i r im1 ( - sI u n t i l  th~ - oppro—

p r i a t e -  hc~:it i n m l a f lu -e eo’i ld h i -  c u s s u t - m - 1 ,

l’he c t ~tp i- o c mrh  ehu i:s . ’fl for m c i i  iii c ui ni ;ig pr oper thruster  o l i s ’rc i t i  ng t u - mp e r mm tur c ’

t ’.p i  f i t - s  what  wi l l  he found cii mois t s i t c ’ l l i t s - s . Nct m ’ l v  , the th rus t e r  is f i r m ly  bolted

to ci mount i mu g platform ci-hich is p mi - t id th e- s i t  u - l u te s truc-ture a m id  which is mainta ine d

c i t a r e l a t i ve ly  r - i ) t i a t f t n (  t s - t m i h i r r c i t u I - s- I i ’ . the s :m t &’li i to ’ thermal control system. This

p isitfo c umi re-present s ci h - u t  si m!~ In cc h i cim cull Ii ’ ~i t u i i s t i 1 i i i s ’ u I  i i ;  ti n- -.‘ciriou s thruster

components c - m i m i  hi m - uutm I m t s - i . I- i ii’ test i i r~ i s i s , th e t h r u st e r  was mounted to a p late
siP iSs ’  I c  mp era tu rc ’  ic-as mmi i  n t mu i  n - I  c u u i s t c m n .  l i i  ru n ru i ~ cool ci-ater through ci coi l in
‘i ,c it c im- t cc-ith t h u  p l a t o - . .\ sm ’c o n u l  I)l cmt t ’  cv ith mm -“ r c u t c  e ’~ i l  ii c u _S I s) ’i iit ’( ’t ( ’d in series

cv i th the f irs t  and fasts- c i to th - ti l t  i f  the hi-u .sta-r to s rnu lcite the surrounding case ’
normally found on flight. h cmnm -va ;~s As i - x 1 i l c i  I ned previo usl y , al though th e power con—
c-er ti-r wcos uti  Ii  i e i l  t h r u c t gh ou t  th u  ~‘ m - u u i i i r c m n t - e -  f - n t , i t  cc -m is nut part of the thruster hard-
ware an i le the vacuum s-hc mm nbn-c- m m d  h (’nec 01) t h er r n c i l  load due- to converter dissipation
(app r ox i  mc m t clv t b  \V1 cc mi s expc’rii ‘nc ’ s ’ ul  by the li m i t  s ink . It is noted that later on in this

m ; ’ u ec i’ c u m  , the po r vs ’ r- eon ‘i n t e r  si mm s c m y s ’essfu~ lv i nt s ’gr c mt s ’ 5i to operate the thruster
S’, 51( 111 in  V c i u ’t l lu i f l  p r io r  to delivcr ~ of the m c -  stem to the .\ FHP L  (sc -s Section 6. O~

During one of th i - i terations to th thermal design performed prior  to achieving
th 1 - proper co rif igur me t i  on , i - - t pc i i i  tor cmi  se te mnp eratur e near the- f ront  end ‘.vas mml iowed
to rise close to the m a x i m u m  -1 ( 1 (‘  I - i - corn ii- me ’au leiI operating t e inh le r mt tUre . A capacitor
fai lure -  occurr e -uI  shortly Lhs ’r c -a f t -r wi th  m d v  16 , ~77 pulses cmi the fa i led uni t . It is
d i f f i c u l t  to m-k ’t e r mj nu - whethe r this fat  l i t r e -  u t - cu r t -e d  be-cause of the t s ’niperature or it
w c i s  s imp ly the result of cc - hc m t is i ’ornmon ly referr e d to ct- s ‘‘infant mortality ’’.
t’~o rm au l ’ . , one’ of the si - I’ i - ( ’n i tkg  t e - s t n  iu’riormed on flight qu a l i f ica t ion  capacitors is to
r u n  the uni ts  under most severe ’  c onditions with the thruster system for a min imum of
50 , t )00 fi r ings to c ’ir m ’mmn tv s ’ ; mt . the’ low pro bmebi l i tv of s t m m t i s t i e - m i l  e a r ly  failures to which
this te rm is app lied .

The results of t h c r m m m  I vai- -u um t esl i  mig are iinc ’s -ri t e-d in  Figure 3 where the
temperature cot various 1i~c -fi t ismiLs on the thr us ter is p lotted mi s mm func t ion  of t ime- . The
dm , iui of Figurt- 3 wi-re- obtaineul i t a puil si- rate of one f i r ing er ’m- rv  6. ~ seconds for m u

10
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n u t  power output . of I l0\V te th e  m - c i p c m i ’ i t o r l i :mn k . I l c m v i n g  cossu r ( - ( I  t h i -  ~i r sipsc r  m - t p c m i - i t o r
( ‘m iS C t t ’ n m p e r m u t i u n e -  under n o r m a l  imp er a t ing  c o n d i t i i u n , -s , 1Pm ’ e n t l u r c m n e u -  t m - s i  was mu  t i ; i t c ’t .

H e smu i t s  of that t e s t  c i u dns ’su nt ( ’ . t  in the li -c t se ct i o n  u f  t h t : - c  i - - ! u - ,rt .

4 • O ‘I ’ti }fl i SFE R SYs rE~ l l- NDI HAN ( ’ l - . TEST

Prior to d i s t ’m i s s i  mg the de-t ai 1.-i of t h i s  t m - s i  , it is iiic’ i iii ngfu l  to n it t i ’  thcmt the
t iP  j ec t ic - s ’ s  of e - n i l u r a u m n ,  - I s - n t  t rig s t i f f e r f r o m  t lt o- c e si t  a s o - — e c t i l e -  I ‘‘ i . ife Test ’’. ‘li-is-
u u l i ~e et i v u ’5 of s-adm it-ant’s’ c-sti ng m u ’ c t h r eu -fo ld

( i t  Fe p i n p o i nt  m d  i s u m i m u t e  c in ~ ui- oh lt’ct t - i re ’ c us  that arise ’ dur ing  testing and
use’ c -cpt-l i c nt fixi -s SO that Is - s t  i mig s c m r u -sum e-  wi th  a m i n i m u m  of do’c-n

t ime ’ . ~‘ct the same  time , pc- rmmuuienl soluticmns to t.hec u’ problems more

formu1.m t~- i t  for fu ture-  s’. S t e a t  f a h r i i ’n t  ion ,

(ii) To tt ec - t’lop the tn ’e’s -s scmi - y cnginei-m- I ng inputs i- e-c ~c srdi rig thermal , e’ls’1 ’tr ii - c m I ,

mmum ~I n iee ’hutni c-a l design a u ) n s m u I t ’ - ci tio uct for futu n t- s\ste’rn fmib ric-mition .

( i i i )  To ‘tenu- rctte fm - i much o p u ’ c ’ c m t i m l g  timi.- c m - i  l u u u 5 ihl( ’ on m i ll  system components
un i t e r  the coml it oui. -i which ,‘. u u m i l d  hi’ enm ’ocmntcre (l in  c on  actuc il app l ica t ion
in  i m n i l u a r to ms -si ns  the c- i t c i t im s  of sv s t s ’ u u m r c - t m ob i l i t~’ .

L i f t -  t e s t ing  ma’. Ii , - thoug ht o f  co n l u - m g  synim1vifl Øu~ ‘ . i i t h  r e l iah i l i t c -  qual i f icat ion testing .
Oru - is generally interested in  a c h i e v i n g  only on e- o h j e c t i c - i - ;  n a m e l y , a determinat ion
a-i to whether or not th. - syste m c - cmn ms - ct  t b  - r e ’e luire- ln l ’cus of the miss ion i t  is designed
t s i r  under  condi tions  mis l u u s u -  u s  j )es ss ilili’ to t h i s - i c  w tm i eh cc ill Ii ’ e’neountered during the
mmc tu mu 1 pe rforrn mmn c - c’ o f thc ut unt s-~ i~ i t , I fen c  e, the endurance- test dc-s m-r ib c d here - in  was
i lu ’ \ ’( ’ r  ( ‘ X I ) e u ’tC’ ’t  15 )  be c a r r t c d  out on ,i ‘‘h c~no t s _ u u ~ f ’’  l ) c i S j S  i 5 ( . c t u N e  i f  a -o ’ i-tain degre’e

of u i m u - c - r t m u i ntv in  n c v e - r m m l  u l e s i gu a reas . The ile si i -e  to r - m - s i i l v e  t h ~ c u n c e r t a i n t i e s  wmc s

the ’ t mr imar y  mu tml i c i t i o n  for r u n n i ng  the t s ’st .

4, 1 Ambient Euvironrn -nt

The thruster s~- csteiii Is’~ s pumi c i ’ m ’  -onver ter  cv , is  r u n  I nsjelm- a ‘I foot (1. 22 m) d iameter
by 1 fex~t (1 . -~3m long c -cu i ’mi u ri l  ehc m mbe-r eqiui pp vt ’t w i th  twi t  baf f l ed  i mR’h (15. 2-I em)

(It ffus ion p u m p s . ‘I ’he thrusts i was mounteil o mi  m m thrust  I uc u lm irim e- so tha t  thrus t  could he-

memmsu m ’t -d on cm dail~ ha c-u i s. I ~ ‘ t c u  its (‘u ) r i ( ’ c ’  u-ring the thrust mu ‘cisure’ r io - n t  sy s tem can he-
found in H efcrens-c 3. Irs-in—i ~)nsta ntan thermocoup les ccs-re used to monitor te rnper mo tur-
at sele ct locations on t i m e  thr mms t m- r . ‘rh &’ prs’n sure’ insis ic’ the vacuum chamber with oxi

mc u ss  th roug hput cc-mi s 3 x 1( 1 1 
m a in  h g  mun i i l  m mnd e r cont inual thruste r - t i r i n g  u ’ondi t i i )nS , the

prs ’s su r o -  recover y was 5 x I 0~~’ m m  h g betwe eiu ft m -ing s .  ‘t- he th ru st u ’r  was m m o i n t m m i n - d
u ’ l c e t r i o - m i l l y  I sol c m t t ’ u  I f r om  cPa m imi -i - ground throughout the te st u n  ti c s i ng c o m m i npu t  2~~ VI )t

power soUrN’  hmm ving isolated s i u t h i t u t  ( I I oc t t  t u g ground)  011(1 u i ps ’ r mo t i  ng al l  i nst r u m e n t a t i on

i-u uu eete’d to th e t h rus t s  - r off i sola ti ( i i i  I r a  iii , fo r ’n t s  r -i. ‘i ’hr iu 5k - i- f in  ng voltage wm i ~m

nmonit ore d us ing a t i n ’ s - s - _ i  l i b r c u t e ’ u I 15) 00:1 vol t age -  i l i v i i h - r  conm- -te’d to ci ( 1 — I  V d i g i t a l  pe-~m I ~
re~td i rLt vol tmeter .
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p
-1. 2 Fhrustt -r_ Ik- r f o r n m m i n c c ’  Fhrou ghuut l u r c u i i ’ l’ s ’~ t i i ~~ -
I h e  e-no lu r an ce t e’~~t ‘ . ‘ . ;u S  not  run e - i t r i t r i t c m u m i ~~l c  i r u u i u i  s t a r t  lo f l n i u  ii sl i t m ’  - i  n u m b e r  of inte r-

rup tions . ‘Fhuse ’ c c c - m o  ~h- no -suit  of t c t c - i h i t i e s  m m u h i u n c t i t i m i , v t t i ’ m r u t m t r c  s h i t  u l u i , c ni~ for

c’ i s u m m l  m nspe’u ’ t i m a m , m ind t h r u t . t i  u - u i 1 u - r c i t t m l g  p r u m m i l u - r n s . -Ut ‘~t i- m m t s ’ c c - mmn fo r _ i ci t e - u t  u n i t

eX l ) IOiI le ( l  in se c t ion - 1. 3. -\ t o t m I  oh 12 , 1 ~3 h u t h t i t ‘ce-s ’oi t k m:i-1 , I I ’  c N - , m  i t t  i m u t l u u u L s  were

cuccurnul mo ted - I i m ’ i ug the i i i  n u t  u f  t i m e ’  f r i s r im ~~ “ - l : u m i m i I r ,  h I m 7 t  t i  , ( im - t o be-r 1~i 7 ( ; , I)u r - u m m g

that t ime , the’ sy s t e m h c s i i b u s - m m  r u n n i n g  u t  i O f l ’  t O ut ’.  s c  u - l u  i i ’  I , 500 h o u r s  - i i  th e t u i t c o l

i’s , 650 hours in  that t i m e  p - r i o i i ,  In i pu l sc-  b i t  u i I i ’ c m - ~ c u r ’ s m m  uit s ~~m r ’ c u l t -  ml  i f  u - .\ i- ep t

on cc e’c’kt’n dcs m end total  i’~t i i u i lss ’  , u c ’i.’u m u l m o t i i  in w cu i - s  ‘ c i t p u t e - i i  i’. n i u n m u  u - t i  - i l i v  I n~ t 4 1 - m u t i n g

the impuLs e  bit  data fro um i dmi c  to dm i ’ . - . .‘\ sum mci cc i t  t i m  - - I c o t c u  i r~ -u , - m t& - ul  i n  F i g u r e -  1

cc -h e ro .- impulse bit  mind  t u u t m i l  in ijau ls i ’  ar t -  j t l s u t t e ’ i  c m ~ c i t i j i m s - t i ’ t f l  m u the - f l - u - l i t t e r ’  s i f  i h i s u - t ’ c m r g -s .

Observe ’ that mofter ap p roximatel y  76 , 000 o l i s chc mr ~t s .cs , th u I r u m i i u l ~’ u-  h i t  r n m u g n i t i u u l e ’ is r e —

mm m rkabl y  c on a tm un i t  r ig ht up to the v o l u n t a r y  f ’r t i i i i c i t l o u m  if the I s ’st  u t t e r  2 , 14~~, 7-s 5 d i s —

ch - i rgs - s  had bee- n a c c u m u l c u t s - i . The- averag e impui s e-  but  s u i t s  a - t a u nt  to ti~, - m 1 i t ~ c ml 7i’, ‘t O ’S

di s( ’hc mr gc ’st  ob tm m i  ne-k by i i i  v id in g  the tot: t  I i rr ipulse c m ( ’ ( - u m u h i t c - s i  bc the- tot s 1 n umbe r of

discharges turns out to be -1. 9~ 1 mnlb— s (2 2 .  003 0 nu N — s i  mi n d the maxi  m u m  c t e v i c i t i o n  of the

uim - .isure ’ d impulse  bi t s  from this av e - r mt ge  is wi th in  - ii ’ r m u u l a .i 4. 5(’u2 — 5 .  3 In  ( I .  e . 4. 9031

- 
~~~. 

The i n i t i a l  drop—off  of the impulse  b i t  f rom a hig h if ; . 5~~~ m l h —cs (29 . 21 6 m N — s )
to 5, 2 15 m lh — s  (23 , 1 O 7 u i i N - - s i  m i l l e r  7(3 , 000 f i r i ng s is mo t t r i h i i t a b l e  o the propel lant  u c e i ~
“burning  in t t t  the ’ e q u i l i b r i u m  sur face  contour which e x i s t s  t he rea f t e r  awl being held

in that posi t ion h~- th e ’ fu u - l  rs t c min in g  shoulder. Thu i m p u l s e  bi t  e x i s t i n g  a f te r  burn in is

mor e th an l ike ly  lower’ in mmegnl tud e than that  which cc ould exist  had th i s  t i - s t  iu e ’ s ’n run

wi th  inne rmos t  pr opel lan t  S( ’Ct i i ) f l s  which wet -c not previously  cemented together

osue -  section 2 . 4) .  Thi s  conj ectur e ’  is made on the b m m ~ ls of the observed unusual maflfl ( ’r

in uc h ich the Innerm ost section s were seen to burn. ,-\ ca i-hon ized la~’em’ between the two

cemented Teflon p ieces  is etch ed into the surfaces , en ab l ing the two to be stuck together.

T his ca r bonaceous la y er  icas apparently acting like cm heat shield to the Teflon beneath ,
not allowing the su r i mice -  to sublime as It normal l y would . As a result there was a
itis e- ont inuity in the ablation , ;urface of the innermost Section along the’ glue line which

pers isted th i-oughout t esting. In all prob abi lity, had this propellant section been

fabricated as mm single p iece (which It was on the thruster used fou p lume contamination
studies 6 ) additional mass and a more uniform discharge channel would have ’ been

obtained and the impuls e hit would therefore have been larg er . For - example , the
i m pulse bit amplitude r emained at 5. On -e 3’~ milllpound— se-c icr the duration of the
p lume contamination stud y with the Identtca l electrode noz~c le’ contour.
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.\ l t l i c t o  c-c~ u i - e i t i i - i t i u t o u l s e -  c - t u m I d n ot  lie- moni tor e d  ui- c m l i m i t  I i ?  s f  t t f l U -  d ui -m n g

t t u  t s - ’t w i t h i u i u t  t i : m ~ j u i~ to inc  ‘St ci ( - u u u i ’ - O i I i ’ i ’ ci h l l _ ’ s tu s m n t  i t t  i u u i u - - , c m n l e c u s m m i - ( ’ I u u e - n t  of
the 1 , , ‘ . % f t n  i f l :t l u - t~~c c c t n i l n  the- t i i i  end at  I t s  t i n t . l i i i ’  l~ ( ‘I’ ut tm rl  i u u i i m u h , ’ i u ’ z l u i - i u l u e - h l a n t
cc u - i ~ch t  m u s e - i l  m t u m - c i ~~u u - t ’ t  c - er  th e last 1100 ~) oUfl i l  c-a-n i n t h -  of i t l u e - u ’ c o t i u i  c~ c ts  1 620 ’ s  seconds .
i~ :t (hu ui rnsl ~~~ol Fcm ’~ 1s

I h i -  ch u ’ u u u t - u I igv m i  u - su n t e u i  in ‘F’ able I is c m s u r n r r i a t i o n  i i i  the- t m - s  h i s l u i u v .  -Ui

s h u t — u  t~ c r ms mm u s ’  i n ( h i ( - mote ’ i I  n uni e-m -i callv in c- hron ul og iec m I c o d e r  mm ii the i s - c t s u u l l  l ou ’ c i
m-u h u t i l u u w n  I ’ - ecete - go n - i , - ‘ ml  us  one of the ’ following:

( i i  \ - u i - m i t i r v  ~h c m m u h u i c c - n  for v i s u a l  inspect ion s u f  t h m ’ u s t e - m - .
m i )  I t ( ’ i I I t V  u u i : i I ! - ; t e ’ t i c u n  r e q u i r i n g  shu tdown  of t h t ’ m s c s ’ u - .

i i i  - ~u l c i i u  l c o t u r ’ y  n h u t t u t u u c c  n clue- to th u - c i s t e m ’  m u i c u l f u n c t i o n .
‘l i i  l i i i  I c  i c c i u g  t ex t  i i i  ~- m . - r i t i e ’ s  the ’ e’ u m n u i i t i u ) f l s  m d  actions tm t k e - n d u t ’ i u tm 4  i - m u c h  s lm ut t to ~c - nu in
T h u  u i - t m f l s r i c - i l S i c  i c ,  i n d i u , - c u t t - i l  in Ta b le I .

o ~n ~~ u cu - i ,  , m l  m u - u c m  u -~ cm hint wid e it cc t t ~ shutdown u t e ’ cu i ’ r -d which turn e-d all
n c  s t  i n n  - i t , m iOt’  i t  th e  s c u t e ’t ’ .’ h n t e - u ’ 1 , i ’I~~ un our vmuc ’uun n f a c- i l i t ’ . -  cms sur es  t hco (
‘ h i s -  h i g h  v : i u -  v a lve ’s  - t i - i -  t - l m u .sc ’i h i i i  in the’ c-vent m i m i  p \c e -u ’ I a i l u u - s ’ . h i t - l i 

• t he’
m e ’ i t m u u  ic ~ l u - - u - i t  in u u u u b  n i t  i i i  f f u s i o u ~ m u m m i o il  c- m e n la j c-kst re ’a n n int u t  the chm umh -r

t c  Ii I I  e u I m n n  - t t _ On M u u n d c i ~~, 9 1- ebru a ’y the sy s t e m cc- as i m u m i e - i l i c m s ’ l c -
i m ’ ST - t m - t i - ’ .

‘l ’hu t i m - n t  r t u c i n i ’ c - m t  i i  shutdown due to thruster malfunction m c c c i  i - r e d  on 27 M m i m c - l i ,
It  cc u s u S u se  u - c m l  m i t t  th e- thruste r - was not firing each t ime the- 1 ) 1  c - i  m c t m i t  \ v m m s

u - - , m m m l i i  - - i t  i m i ~ ‘t proble m wi th  e- i t he m - th e- ignito m ’ plug i i i -  Lii ci re-e m it . l iii-
I t l ’ I m l m l e u i l  w : m n  m u l l  i i  r i t e - i l  as be ing th i -  i g n i t i t u ’  plug an d ths’ cha ni ho ’n’ ~cc i s  uu l ue - n c ’ s l  t i m

ii - ~ - I u ~- , i i i  S ho ’  i t c c ut  i u m u u . Visual i n sp e-ction of the ign r ito n - plu g and e -m mth o du

r i - c  u - m u l c h the’ - ‘- u  s te ’r m ce- of a heavy carbon like dc-posit which  f i l l e d  m m i i  t~~t i i i  h ue-

h i I t  t h i -  i c -m It  cc h ic ’h the ’ plug i l i se h: e m - g- es  to t i re  the- th m us t e - u . This i l s - i m u  s t t  cc ms

i l  t m - u  m u  i t  I - c : m m m - ~mng b lockage - of the n n i - n - op l : u sm n m u l) u ’od u c e- d h ’. the p i g  m i i ’ —c - hm u rgu-
nr ~ t h c u  i t  cou ld  l i mi t  t n t  e u ’  l i i i ’  i n t m  - I ’ m - l i - c t i o t t o . -  g op .  I t was thought  th at the s -\ t ’t ’n

s - c u  t ar t  t t s - 1 u i t s o i  in t h i s  r s ’ g u u m might l i i -  the ’ u i - ~ t l t  i i i  th e eenii e-nte i t inne u ’ m u u J u m - l l m l n t
r o th  l u t e I t  i i -~~- t h s  h s m c - u t j m u l i  i i  t he- ce -me -n t  se a m  i c-c c - i ’ m - ’ .  n e a t -t v  mi t the’ - u ’ n t s ’ u ’  i t t  th e-
h u o h u - m c  t h u  c - m u t h t - t s - . t h e ’ m i i i ,  cc c i v t o  I ) u ’ m u \ o -  au i l i s i c t i u v u ’  t h i s  co nje ’ct uu - e- w i ) tml ( l  he-

l i i i  i i i  s~ i u ic ’c I le - n t  l i i  i u m i r m ’ r  i i i  ( th ~~i li : o  i- g e- s  on th e ,svm- ’tu ’m freim th e scm r im e  s t m u n - t f n i g
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I , -\l ~ 1.1 - : I , ( ‘ l I I ~(. )N () L (X Y u1 F ;N I ) UH AN ( - i - . i ’

l ) m i t e m t  l~ : m t ( -  ml  N u m b e r -  of Ikm asun lot’ I sit a l ini~i u l u - u u ’
— 

Shut s l i icc n S tco u ’ t  Iju I )Is chau-ge-s Shutdown M i i i ’ s  l u l l ’  -

— t m ’ i  in  10 , - u 7 7  ~ l m o u ’t ‘i c-st  5) lb—s

1 F’eb a I - t i m  1:17 , ci ~~1 I m u c -il it v

2 27 M m ci’ 27 U o i  7 3 ( 5 , 097 \ l c i t u t l c o t o u ’ y

3 i i  M m i u - 15 .\ i u i -  ~10 , 7 ( i 3  M m t n o l m m t i - n ’v

-l 17 .\p u  2 ’’ .\ 1 u i  s c 7 , i ’ t ’  I u t i l i t y

3 21 Apr  21 .-\ I i r  ~~~ 222 i- c m e i l i t y

0 ; 3 M m iv  :t \ l c u c  1, 5) 1 9 , 3 I i )  l n s i u e’ - t i on 3 , 2 7: 1 11)—s

7 0 Mmcv S’s \ t c i c  1 , 0:1 1 , 612 I - m o e-i l  itv

~ 7 M c iv 7 \ l c ov  1 , m O 3, 13 ;  lnspc -ct ion

9 10 Mcmv 23 M m mv 1, t m 7 o , 219 F acil i t  v
i t )  4 -j une f ’ s - June ’ 1 , 273 , f f 5 3  F a c i l i t y

11 22 J une- 22 - J im mi e 1, -I-l 7~ 753 Inspection
12 25 June 1 •Ju lc - 1, 45s , 2- 19 Mandato ry

13 19 - Jul y 19 - J u l y  1, 7- 4 2 , 2 -i l  Inspection

1-I 30 Jul y :om July 1 , 7s7 , :1-1 :1 Inspection

13 3 August 3 \ eugus t  1, nOl , 236 Inspection
10; 20 Aug-ust 20 Augus t  1, 996 , 135 Inspection 10 , 027 lb—s
17 2 Sept 2 So-p t  2 , 129 , 129 InspectIon

1~ 13 Sept 13 Sept 2 , 206 , 745 Inspection

19 16 Sept 16 Sept 2 , 211 , 633 Mandatory

20 4 Oct — 2 , 445 , 755 End Test 12 , 183 lb—s
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e ’uu u m d m t iu i mmc- c i i i tic-l u Jfl hi eu ’ Ii u’ opi_ ’ it cC flt n , ’ e ’ t i m m o s  ‘.‘ h u h  cc i - t m - O u t  - i  r i c - u t t i - m i  t i m ~i - t h u - ~
‘I h i - - S t - t r i g  in i n t l - i  i ’ t o m : u I  cu ~ i p i u u ; m c h  cut the’ thne- , it cc u s  I~ - u _ - i I il to s i i i m ~m I v  c l e a r
( 3 5  c c m u ’ I u i m c lu  5 511 u u u t  m i t  t h us  h u h -  aid i s - s i j u u i c ’  l u - s h i n :  c v I : i i e -  i u i u ’ th c ’u  - u~~s i d i  t ’ u t i m t n

c i t  r 3  u~ u t m i u - nii cc c o n  ( ‘c i  i ’ i l i - u i  pu t . I h j ~ \‘- m u s  - i i i ’  c u n m l t h u  - n v ’ , I ,  ‘ ~ i m t  h o c k  m c -

t h u  m m t ( t - z ’ n ~ un m l  t h u  - m o i m m e

3 . I Sn the ’ c i u m c u m u i t g  m l  11 March  the t h ru s t e r’ c cac - ,  o6- -o. - m c  i - i S  t i  i i i ’  ‘ I i s e h a i - g i m i o  i m r

to ‘s c m -  i ’  m m ’ , t he  S m  i i i g c o m man d  m e nd p r i o m ’  La a t t a i n  ‘ m t - n t  o f  ‘3 I c o i t c i g s -  on the
c ’ : i l i c u - h t .  m u  c i i i . . .  1 h u n  ci m i m u h i t  l i i i  lS T i c  a m c d l v  a l l  ‘ u h u i m t c , l i l e ’  t o  m u - u - I  u i m l ( ’mI ’ i t t  cc hig h
m-t .’su~ tc muu u- , c -cm rh ‘n t i a c k  5 s i c  i t t  e ’ t s s ’ tc c u - c - r u  t h u ’ u s t e - m -  m i ~~m u l c  m u  ( c i t  m u s t  - - I bm -

~ c~ — t s - r i u  cc c is  s h u t  m i c u w n  b r  u s ua l  inspec tion of h i -  f l u - / i s -  m m m c c i , It c c - i s  I u u , i u i u i  t h a t

- m m -  - t  the- c i t - i  t u - u m h u t ’ ! l a r m t  s o - c t  h - - ri ’- h u h  m a c i - s i  a c m - u -  c i i i  h e m e - l  n — e t m m i r i i u i g  s h o u l d e r —

- s - i - c i S c - , -  : i ~~~~ l s -  ‘ r u t - -Ion h m u d  hu ~~ i c  c t s i ’ u I  t hm ’  sh i  - m m l i i i  i h e ig ht  in t im e-  I O m i t  -
‘ oh t h a t

s u ’ c t i u m m l  to i n s  than h i -  c imount  u - eq u m i r e - u (  t i  u ’ e t a i m m  i T - \V h ’- n  ( 00— . at m - e m i n c m l  ito-

iii  ~t t l c t ( - i ’  I Sc ’c t t u u t i  l i i  u -  Igi  1 t h e  g c m ~) s - S c ’ .  c - i - n  a r t s S m and c - c i t  h u b . ’  t h i ’ , u ’ i i v  c - - i o n  ~~~ the
c u l t . s e - r v e ’u h  p m - s - u r i c o t u u - c -  i h m - c c h c u i - g u r c g .  ‘J ’hi’  s e c t  i t ’ .  i t t  r h -  t t i m s e r c - i l  I u m e - c t h i i u - , h  c i t i ~~u b e

u - r o s i n  i m s - e c u i n ci m - i t t s t ’ u i  g i u - : m t  i - - n ( s - r r m  h i ’ c - m m u t s e -  in c m l i  u c t - c i u i c n  I t s  l u u ; u u u t e ’ n t  of
i i u l n s ’ d  u l i n u o c u  sc - s t -m r- c  el - u - i  t o i l s ’  - i i s I - u f l  h c t u b  n - i  t - e i u i t -r- c u m t i - u I  a s c s u - u n  I c m i i u i ’ s-

mode. ‘e c u  i - i c on  i i b m  - - i n  u m u t  how to c l i  rn inm a te  t h i s  fm ii  k m - i -  mode- hav e  m u - u  - mm ge nt - i c e t c - u l

s u u t u - m -  t h i s  fl u - s t  u b m . ~ t - i ’ c - c u I i i m n  a ntI h p - s i -  m i - c - ( l i s c - u s n u ’I I  in  s m ’ i - L i o n  ,~~‘ ‘ l i t  iou’  p e t r p n~ ’s

of ( u f l ! m m l u u i u l g  i c - s l i n g  n t  c ’ . c m s  i h i - n i d e d  to  m u a n u t a c t i m u m ’  ci m m c c v  m i nod e -  c u i u h  e c c t l u a i - on
c i l t s ’  n c i i ,  r n c m t i i ’ i m m l  d u u — i n g  the ’ u - e ’u o a ins h ’r  i i !  the e ’ n d m m i a t i e - i -  test. \ n  i t l -  ci m i s

i t i c u i - h m m n s - u I  s m u t  i i  U ’ , !-  i t i t e n u u m ,  and t h u  t h r u s h - u — p l a c t ’u i  h a c k  on ~u ’ s t  i i  13 -\ i i L l .
I i m e- ; t m m s ~ h i - c m  cc c u n  i i i  ‘ . c - t v  t i  t i - I l  pu’ s - c ’ i n e ’ i v  cc h e- u i  m m m i i i  t , m u e -  f i r i n g  i a - g m0 , (Ice ’
c - - m u ml l  c c l i i t i u t c u l  I i r c t j U I S e -  cc - I ’ m -  n - S  b a c k  t m m  s i ) ) , 703 m m c i i  - 12 0 1 l b — n ;  m - e-s l m c - i - t i c e i y , c c h i i - S c

t’ u t u u - c - c l - ~i u - i l  5 ,  t ho ic - m - c ’ m m l i i -a e x i s t i n g  c c - h i - u i  th e- n u t  r e’c ’t ’n t t h u - m i s t  r u c c ’ c t s , m u ’ i m um s ’n t
c cc im - c  n u i m cu . I h m - c u m u n t e - u ’  coe tum ml ly  n - m m m l  : i 5 t 5 m m ’u u x i u ; i : u t i - i \  35 , (100 whe n the n i e u l t i l i u ’ i u i c - t

‘ . c c u c -  u i  - t u l i s c ’ i ) v - i t - ( I  ‘ ui  the ’ u l u i t m ’ m i i r i r - , ~m t  c i i  \ I - m u — c h .

- I . P l m c m m t  ‘-c i d i -  t u u m c v t ’ i  — k i i u i m l i u c c n un S a t e m i - ’ i c i v , 17 :\ p u ’ i l . ~i \ c - t m - un re ’s t , i i t t - u l  T u e ’ s u i c m v

um ~m rn iRg  2° \ i i t ’ j l  u \ l c i i i u l c u \  c c -mis cu h o l i d a v t .

1. -\ sh s ’e t of M v i i r- us s -d t i  i m i s u l c e t s -  the t h i u s t u  m - h u n t  the ’ t h m n s i  b u c t l m o n - e p i c t t t u u m - m  cc tn
m t  i ’ n i i - r  ing ‘ . c O h  t h r u s t  u n s - c i s u i u - s ’ n u m m - u m r  h e ’ c c i i m — s ’  th e t c m h m m ’ t i t l i n g it  m m  p O u e c -  em mu n e-

i m d u uis ’  c u n i l  i i i - \ l c - I m c  wa s  b m m t t i n g  a g a i n s t  ) h u ’  h a i l  c ’ c u i i l u - c i t o m -  t u ’ i s m m g h . ‘l ’hu ’  e h a m i i i m m ’ m -

cc cu - c  s i u - i t t  ‘ I  a n sI S i m s -  1 t i i t H u ’ n i  u ’ t ’ t t i fj e c l  t h m o t  c - c m  m o m  u l c m c ,



0 . I Os - h mimni ’ s - t  cc m mn c u t s - m u m - e l  to t s p l ice ’ t h s -  Mo l ’ . - l i i l e u imi mn c u r i I ( i - I , - - t n u u u l e -  w i t h  ‘ m Om -

u m m c o u l s -  t i ’ oi~ I i u m i g — i t ’ u l  n , m  thm e t  i S ~~ c-— u u m c u t s - m i c u l c ’ u m t m l i i  l i t -  m - ’ . ’ c u i i m - i u - u l  c o n  c c - i - I l ,

h ’ iu cc ’u ’  1- t i l u r o -  c i c ’ m ’ u u i , u - u l  c u c m ’ m ’ u c i g h t . S ’ . s t i ’ n i  i u c i e ’ I ,  s in t t c - t  ‘ O s  f l u ’, t  r t u u ) m n m i u m g .

~- ‘ . s t e - n 1  ~ I i i c t  elocc’n t m  m n s l u c - ( ’ t  t h e  ‘I’ c m n m g n t s - u i  c u n c u i l u ’ ,

a , \ cucuun m g c t g i -  f a i l u r e -  c a u s e ’ s !  high p m’ c - c - s u m c -  c u t — t i l l  s m i t e - t v  i n t e ’n l i m c ’k  to s h u t  i t u ) w n m

t h u - t i n t s  -r . ( m o g c  m m - ~ c i i  u’c - cl . l i i  \ u c  s y s t e m  r c-quiu - c-d  c le -cunu p  c o n i l  m-ep lac ’ emc ’nt  of

i i i ,  ‘ l u - c -  m u g  c c c i . — u l i c - t - u u u i t i n c m e ’ d  Ion’  m e i t p r i s x i m n m c i l s - l v  2 cc e ’ m - i s c ehi l i -  the ’ vacuum

s% s t cu f l  cc’ m u s  re l i c  i h u — h e s i ,

1)) . ( l i n e - u i  loop e ’ h l l l e ’ m l  c c c i t i - r  s c s t s - m  eusc- d t o  cool t h e ’ d i f f u s i o n  p u m p  s h r o u d  and

ha lf les  m i n t  I t u n e - t i c  ‘ m i s  u t . ‘l h c - r n u i c o l  s w i t c h  on eli f fus ion  pumps  shut nc  st t ’t t t  ( 10cc-n ,

11. Ins ps - c t i  cr 1 - i t  ‘l ungs  t ( , u  anode - .

I :’. The’ th i’ i i - c t e -  r cc m u s  c u g ; u i n  u u i t r - 5  - r c c i t  to b. - mis  h i  i ing. ‘I ’h c’ same- s i t u a t i o n  cc con foun d
t u  i u - x i s  is d i m  I to s t ou t  I c c-c mu r i U f l i h~’ u ’ 2 mind thu . - same t o m ’  u - c -c- t ic - c- cu c t ion  cc an taken ,

hI :m ’ . ’ i umg n u t i m c - i m l i - r ’ e - u i l i i i  i u’ u u l ) l e ’ nn  i n g r s - c i t e r  de tail  at the t ime of this  secon d
oe-cU t m s ’ n u u - c ’ , ci u i i m u u l l  l i i i  I u - a i l i u  uk ’  e t e ’ — ’ uc -r m u  Won subseouent l y dc e loped to c-li m i n a t e

r h  t u i n i  - I u - i i i .  It u . — in te’  u ’ c s t i  rig to no te -  t ha t  th i s  s econd  occum - m ’ e-nce happ enc-d a I t -u’

c u l i u m i n t  c x  u - T I ’ . -  t I m  c - c l o u t ’  u u u i c l u , - i -  c u t  i l i s c h c u m ge’s men the u sc-I  t i . e’. , a p l u r o x i m c u t e - l v

7 i i i , ( ( i i ) )  the -  J i m - s t t i m e -  m on t  1 , 15d m , ( t i u m  th e c - t ’ e - u~~i I t i m c’~ , I’h c’ m o d i f i e d  c-atho cle-

1’ — m g i u c c : m n  m i t  i u l e u u I m i . i t t ’ i t  p i l l i c c  t h e -  s y s t i - r m i  b e i n g  put  Iua c -k on test bc -c’ : tus c’

t i m e -  cc mos ma -  , I t - m b  j r  mm i  n u l a c - t u m - i n g .  I h - t a i l s  of the -  new i -cothoe ie ’  d e s i g n  cmnd othe r-

i t i c a f u f u c c u t L u m u s  m u i c u s l u ’  t m  c - ’ llmn inc m ti’ (he’ pi ulil e’m of ca m - bou t  o i c ’ i u u u c - l i t s  in th is c - m ’ i t i c c m l
e m s - c o  m o m - c’ s l i s e - u n n t - e .t in s ’ - e - t i o n  0 _ S i . ,\ m u m o d i i i e - d  M u m l v i c l c i i u n i  anod ’ e-k -c tr od c ’ ‘ .ccts

c o l n o  i n s t c e l l e s t  l i i i  t - c  i l m m a t j u u u m  p i ’ i c m i  t i m  m c ’ s , i t u i i n i ~4 t e ’st Lfl 14.

1: 1 . A it s ’.’. t h u - m i n t  n s - - m u i m n g  led to the’ r— .un 1i i  c i  mu ) t hc i t  min t ’  i i i ’  inure ’ h u m ’ u i i i c ’ h l m m n t  n e ’ c t i u m u i s  cc cm n

not I t - i - s l i n g  j ) u i m j s i ’ r  iv .  Su np ici in s  ccc ’  i’ m - comm l i t - m e d  upon i r l s i u s ’ c t  0-u i of the ’ th u ’et s tc ’ r
wh en it a c t s  n t - i - t i  tha t  t ic - c m i ’ : -  t e s s  s 5 s m ’ i m m g  h e e d i ng  one ’ m t th e ’ o u t c - i m u m u m s t  s e c t i o n s

cv mus  t’.c u stc - d . l~r -io r l i i  m i t  c u t  m u i - g t h u  t i - s i , the-se’ i m u t e -  r t eed s p r i n g s  had to be-
I m m h r i e c i t v m i  h’. sh u n t  c c s ’ l u l i n i c - c  t ’ . c ’ t  c - S i m s - k  s~u n i n m g s  to ge - th em’ b e c m m u s s ’  no single- St u ) ( k

S iZ ( ’ ( - s)u l d  1it p u - m e u t  u - s - u i  us  ci s loe-is it t - r n  wh k -h  \c - c i c -l  long e nough .  The ’ p i’ otrude- d
i i i  we-I d locati i, ri hm o d i t t - i  ti t r ’ ip 1n - sl  t i c -  5 t im e i t t  the- h im - opt ’ !  Ia nt  S uppo u t  0 u ’aci -kc ts

causing the ’ r’c~i u - in g  to tc’. i c - i . t u t o r - i -  h c m  rs bc cc u re ~‘ . i l l  inc ’s r p o r c m t t -  specially mmmdc -

‘s



s p u - i m m g c -  cc h ic -h c o m e ’  long e - m i i i u g h  s i c  t h t c i t  c-d u s t  c c i - l u h i n g  icc i i  s h o u t  i m’ i m ign  together
c - m m be e l m  t i I u m ~t t t - i I _

1-1 . Inspect  ion oi the ’ \ l u u l v b d . - n u m i i  c - I c - i - S  n ’ t u s h s - ,

13 . i ’h rc - cs t  iu c u l :mr i e ’ e -  t h u c i t h t  u l i u t  to Iii. - l ’ u n c - t c c - n u r m g  m m i i h i e ’ m ’ l v . S y s l u - m u t  s hu t  docc u to ( - h e c k
out  } u m i l m m n - e- . I~~~~- c u  m i s - i  i n m u t u c u  h m i r i c -c b unt !  t i m  h e-  the- pn ’ob l em n.  I t ca - a m ’ dc - t  f i x - ’ I  and
n’ c’cm i l i b m - mu te d ,

itJ . Ch m u n c b e m -  upc ’n eci  h u m  v i s u a l  in sp e ct i o n  of t h m u n t o - r  hr -  -\ i~Rp I ,  c u - u ’ s c u r i m m e - i upon

r e m m e - h i n g  I s , 0 55 ( 5  l I m — s  goal.

17 . l ic e- m n - w h y  dc-signed (‘ c i thodc ’ cc i ts i n s ta l led  ce-ith m o d i f i c a t i o n s  to e l i  m i n m i t e  i-co  r b om m
the -p o s it  cc i t h i n  the ’ i g n i t e r  hole.

1 . \ newly m : a ’ h m t u i  i cop~t s ’ r ano ihe -  i nc lud ing  design moth F i e - a t i o n s  cvas i n s t c m l l e - u I .

1~~. Mi s l i e - i t cg  was c t b n e ’ u c  e’il a t h i n d  t ime . I {oughl y 7 35 ) , 5 ) 5 ) 5 )  t l i s ch a r g c s had I c c - s - n
cec -u mu la te d  n i n e - c -  t he- l a s t  o c c u r m o - n c e  i r u c l i c c o t i n g  tha t  the- m o d i h i c ’~I c’ co tho d e  des i g n ,

alth oi cg h a ppa i - e-nt iv  eli nh i n a t i n g  carbon b u i l d — u p  in the hole  i t c - i ’ l  I , ccas r io t T h u

onir-’ modi lk-a t ion  n e q u i  r e - u t  to c-li  n i inmt t e ’  the m i s f i r i n g  p ru , hj 1cm , 1”u r t h c -  cons md c u c o —

t i  m i n i  i i i  th is  p m ’ c cb le ’mn it’d t o ci r t a i n  othe n - m o d if i c a t io n s  to the ’ p lug  h o u s i n g  w h i c h

m i m e -  u h i S c u ~~st-d in  c - c i t  ion sI .

25 ) . Endur c u n c i ’  t i - n t  vo lun t c u  i i  Iv ended sinc e -  the-  10 , 000 l tj —ss ’c  g i t c e l  had be-en c- x c i -edc-m I

and it  c c - m is r u c - c e s n r u  rv 0 i In -g in  t h r u s t e r  r e f u r b i s h m e n t  ( S i t ’ s ( c ’ t  ion 6 . 0) .

5 .0  l~
( L .\T I- : D PI1OB L I- M ~-\ R 1-: \S

1 cc-o fu n i d m e m e n t a l  p i t  s t i l e ’  Pus  were  C-nc  m O n t e ’  u - i -ml  d u r i ng  (h e- endu n - an co - test u ’ uri am
this  n r -  s tc- rm u , The-se cc - c’ i - c anode- e le c t ro d e  c - ru  i s b n and c-mi rOsi n t ie -posi t  ion on the i g n h t m t
plug . R oth of thu-s c  p roblems , having  n e c e s s i t m o b i ’u I  u u i a n d m e t u u  u shuts iown ml the - thu ’u s te u’
du u - i  ng I c- s (I mc c _ , u-ep u e ~-s c -nt  possible ’ sys tem fai lu i-c m odes . Modi l i cmmt ions  cc c ’ re u m imo t i e ’  l u

the ’ t h rus t e r  i lur ing the- en d enran ec ’  t c ’s t  in c o L i c ’  mn ~mt incg  to re solve-  th e-s c- problems c i u m m i

cml though t e n t i n g  c m l i i  cv e il f o r  Sri nic’ p ar t i a l  c -c - mm 1 u c i ( ion of thus  c uno di fi cati t ins  - the t e m n t m  t h in
of t hu testing did n u t  a l l u i w  I u m  a I t u n i t e ’  cmssu -s sn l l - rm t u I  t h t -  m n t i i t i l i c - m m t i o m i c - s .

Jk -ga m- ol i ng electr ode - c ’ t s ) S i i ) f l  It us e ’ v i m i o - n t  that  no p r u ib l e u n  e ’x i s t s  cc m th  the- t h r u s t e r -
c a th oshe - . ‘I hi ’  or iginal  t hu - us t - r  cathode ’ , lab m ’ j ( ’ c o t ( ’ m l  f m - o m i t  ~~~ppe- i , cc - con us ed i m c ’ e s , -SS full ’ .-
t h rough out the- m e - n t  w i t h  t h -  e -xcu - t u t i i t u l  u t  h i ’  l as t  113 , 000 m t i n o - h c u r ’ g e ’ s  cc-hen a n i u u i t i F i e ’ c I
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c ’~i t h i , u u I t -  c I t -s ign c c c i i —  l i i ( ’ ( u ! b ) l t r d i i  ed in c i i  T m  i i i  c i  u m i g  t i m  c l i  rn mi nmcs ’ e- c c i  H s r i  bu i l d — u p  w i t h i m m  the

u g i s m i u n s lug  e - c s c ’ i t v .  h - _ i - c -  t i c -  c l  (hi, ’ t h r u i c — u t e m u n i t ,  c i -  c - m i m i  I i i  i - u  ‘ ‘ s h d e u - s ’d c - m c i - r u -  c - i u ’ u m u g h

to  n’ c’pi — u - sc n ’ cm - i ! c ’ u m t i c t h  l - u I l u u’ c - i - t c s i ! i -  h - i  t im - ‘-i~ s t - u i 1  t. c- - s e u s e -  of tu e u c s u l i i m g  u’ u : i hu j c t i c i um

m c i  h e i gh t  ccl  the ’  u t - uu ~s s - l 1 c t i mt c u - t c u i m m i r e c  s l u u u u l I e -m ’  i n  I t o -  c i i ’ i n h t c  c m  hi o ‘ - - i - m o s t  ( i . e . ,

t c t m t l u u ’ n )  c i e u c c n - ~t i u - , i m i -  u m - m ) h i ( - l l m m n t  c - u - c h a t s . i i  is i n t c - n - c ’ s t n u l g  to - c u t s  t i u c u t  t h e  i m i m i j u t u i t  01
i O u  c u n i s s h c ’  s u r f ace  e -\ ~~c c c s m - u 1 t o  im u h i c - - h c s i g c ’ u - e u i m i u i n s  m r c i s - ’ i e - - m l t y c - u i - - u - m t  i - u - . 1- r o s i u mi

I i  u gbns  t i  ( t e l - i o u -  c- i s i c m l l ’ .  m i p p m u u ’ e n t  ui  S l i t ’ u l u i c c i - u t r i - c i t m i c - u s ! c i t  t i c ’  t - l t ’ u - ’ t u h i -  c~~, - I  t b -  i - i - o u t s - i l

c i t - c - c m V t - I C  s l u c ’ .i Iv t u u ~c c i g c i t i ’ c -  c m p s t m s ’ c i m t i  is n l i s c h c m m - g t ’ ’-m a c u - c u , t c - 3 c s S e . \ m i  u - n g i i t c - u - u i u c g

d m a ’ . ’ .  ing ol h i m ’ c m n u u d c  c - h u -c - tm ’ uele ’ mi s l t i l t i c s b l 1  m i m c i n c i l c m i - t c u m ’ e - u i  f ’o n -  t ’ s i s ’ esu is t m t - c — e - u i t i ’ ~ in

I- ’i g u m - c ’ 3. _-\ q u a l i t c t m i c c -  p i e - t i c  u o f  t b -  e - t ’ i m S i nc ; u c i L u - r m i  d c -  it lO in I _ cc - c - l i  b c - m u ’’. u - I  L i  h s m ’ o c - a m -~~s

d o t  0-cc t m -~- t I I i r ’ i~ t m n ’ m n e ’n t c ’ i l  i i i  V i g u u ’ e 0 ti  i h l u s t r a i t -  (l ie ’ o h m i c  c ’ n t m n L t -  ‘ ‘ - u t i n . ‘I he c m u ,~ s i t

s c - v e ’ u u -  u - i ’ u ) , n i c - n c -  ) u u - g i u m s  t i i  u - f i r  the ’ m e g i o n  c c - I , ’ .  c - t n P I ’ u u i u i - l l c t u i i  : ud - m m l i i c i p t i n ’ i m ’-o i u i c t l e l v

m c  — 7 i ) u u  . s i n s  e cho u - gm ’s in s !  c - ’ m , i i t  s n o t - s  tu u pu ’ c m u m t g c m t  c in to t b o i  -~ u t  - g i o n m  u s  t i i c u c -  g ot ’s u u .

i h u ’ t ’ gm ’ap h c u t  u m m c ’  i i  t i m  c ’ i u - u - t i ’ o e k - c - s  m i n e - i l  ( i c m n ’ t n g  t i m -  t i - s t  i s  ~~~ 
_c i s - I m l i n  I-~i g e i i c -  7 c - l i ’.’. 0 - cc

the ck ’g t c - c ’ s i t  o - n - o s i o n  a l m s - u —  - i i ~~u u ’ u u x i i i i c o t c - l c -  t s S , ( i s ) ) )  c i i s e - m i c i i c c  u - c - . -\ nuu lc ’  u- l e -e ’~ i’ u - i ’ s  \ ‘ .e- u ’ c

m - m u i u l - i e ’ t u r s - , 1 t n ’ o un  Cop~cc’ i ’ _ t c m u m g s t c - u , u m u u !  \ l c c l v l u d e ’n e u r n  d c c ’ t n ~_ i h i c - , iu cg u’ am t i  ass- c-s

t u i u -  u ’ t - l c u i i v e ’  e m i s s i o n  r ’ t r s i s t c m n m c - i -  u i  i s a - h i u n c l e - u ’ d i c - - t i c i l  ! c u u c _ i , ’ u ’ !u c th u u s t e - u  u s p e t  sH o p

c - ’ i u t c t h l t i i ims . e ,u u i c m n t i t m e t i v t ’  s i c m t m i  on the ’ m l c - g i u c ’  of t ’ i ’ u m i - d i ’ c t m  cv, it gu  c m i c P u ’ u h  b u t ’  u - c i c ’ h  c m l

t h e s e  m c m t s ’ i i c i l s  he mt v i c - s i t i  O u S t ’ s - ’. cm i i i  ic  m i t ~~~ c m i ’ i c u t t s t i r r i e’s d u i ’ i i u g  tc ’ s t i mcg c c i i i -  i m i c i u l i - . ( i n

t h ’  b c m c — i c -  of t I e - s m  i i i j n e i - ’ . c i t i o c m c -  i t  c - m u m se- s m u t s !  t h i c u t  the ’ g i - u t ~ i i  c - b c -  c c u c t c - r  c m l  (he ’ c i ’ c u s b i m i i

p a t t i - r n  c i c l i u c i c u l  in c i t ,,~i c t c . - 0 cc c i i— i 3 ,  c - d i m s i’ m - g c u n ’ d i c s s  of c c h i e ! c  mu i t c - i - i m i l  cc - mis  s i n e - t i  i t c h

t l m c i i  t h n ’u s t e -  p t u t c i ! — l v c -  t i e i h u m f l c u i i c s ’  u’ e - i u m ~m i t i i ’ d  c c i a - i , c t m gc ’ u i  c c u t i i  n i t -  u i c i l  s c i h i c - t i t u t i t , m i .

I n d i e - c o t r c u t t n  cc e r ’ t ’ t h c m l  ~ t , i ’ , - I c d i ’ m u i i t ! t  w o u l d  I m m n t  t c - u i t g m i t h cm nt  c - h u t  ~
- t c i u c ’u ’ i i i ’  t c u i c p c - h e im .

i~~i - u - s u - n t l ’ .  i t  is ( I U C c - i i c m n c t l t s  \ ‘.!~i’t h i i ’ i  cli ’. c i  ! ! t c 5 t’  m m c c i t u ’ t b c s l ’ - c - c u - c l u b  s u m  c i c t ’  the’ s e - p c - m i t  u - c l

l i i i -  for the- -~v~ ! s - n I  w i t h  the ’ u u i t p i t i a l  g s ’ u i u u i i - t  i _ i c  c ’ s c u u t i g e m m c m t i t u i t I m  u t  ‘vc i ~ t i - St i l l  c i nch cie -

s - i - s u i t  a p u - m i g r a nt cc - ill  I i i  c - mc i — u - i s ’ s !  m m c m l  lit l f l V e s t b t I c s l u -  t h ~ p ’~u u i u 1t i i  i i !  u - i _ i _ n  b u n  mc -  ii i ’c~~t t m ’ r - c

s1n - e i t i t m u l l v  I ’ m  t h i s  t h u - s i s t e r  s v s i s ’ i i m , ‘i r u - i i c u i m i  m m ’ i m i m i i n u t  m u !  h m c m s i e -  i u u d u - i s - n m c l e n t  i c - s i -m e re -h

c c i i i  s t l ) e~ ’t i’ m u ) t - t !  u l i u u - i n p  t _ h :m t  u s c - i c c  mc l i n t t h s -  r o u j i r  u c u c t i u m m i  u i  t hu . ’ ‘.c etn ’ k w~ I l be u n

t ’ x j m s - r ’ i m e n t c i l  e v a l u c t t i  i ,  c~~f c c - i ’ v e i - m t  i l l i r e - n t  c c i i p t i c i c - i m e s  l u  c ’ l i u u i i n : u t l - m i  cu c e n m s u u l m -  e ’i ’ n s i , mu

s i t  the- l o u - I  u i - t c i i n i n g  s h t m m i h l u - n  cia ci i m u c t s ’ u c t i c o l  f c u i l u m c ’  c c c c , u t s -  t i n  h i t— — d y n t u - u u i  i u ’ . c - n i t s  m ! i ’ s i g c u

h i t  . i ’hs ’  e l s ’ c t m u c ! u  n u ’ - m S i u s m i  u u u u g r c u u r u  is  s c h m e - u l c i l e i l  ( u s  c u j u l i t r d u - i u  e i i i  t h e -  i u n m m i e ’ u l i ’ i t t -  I u t i m m — e - ,

The ~u m — o g n m i s i s  t i c ’  - I , - :  i u i i u i u  c m 5 u l i i i t c c t d  to t h i s  ‘ i s l e - m O  is  s - ’ , c - l l ’  ut s t  th is  s a c  i t e ’ e c u m m s c -

s i t  c o - v i s i t  j u t e - a s c i I  c - c p u c i f i e ’ c c n t i - m s - u  i t .
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‘I he - thm - m mst c ’ t ’  n m i s l i r i n g  p r s u h i l e ’ n i  cc cm—c i t  Ii ‘c - S t hough t  t m t  m u -  u m e- - I~ ‘ m l m u ,  S m u nc

u i ; c ’ n  i t u u u m l  in the ’  h i s lo ’  t h r o u g h  which the plug mit -r’ st i u i c uc - cn cu mns t e t ~~c-s . I c  Is

I i ’s r m u t h u i u l i -  p c u ~~~t c S  ‘ in  th e ’  v i c i n i t y  of t h i s  h u s l e ’  i s i s -  c-c s e t h ’  ii ( c , is S i  u h s ’ S c t i c - i  t u m i d

u - t n r m i i i u i p  n s m l l i u . i i mu i t v  l t u i s ’ p  t s u  u - c c i h t t c m t i -  (his i ’h - tng e -  i t i  s - u - c o n ( s -  c s ~ u p .  u - c t  u ! c : i t  c c - c -  p r u s I - l ’ - i c ~

- ‘ u meso m r u t c - m e ’ c I  we u ’ u -  c m i i i ’ .  u c o n’t I v cu rc ’~ i m t t  u S  cc ,  h i m  ii  h i - , I 1 d — c t ~ m u  m i m i !  i t 1 ’ i ! r i ’.’. t i c - i i  u - - m i ’ -  m u - n - i —

iu lu -t \ s it  t I c  hole , I S c , c s s  t l u ’ t u m ’ u t i i n e -ch  t h c m t  Site ’  ( le ’jsoSi ’ l ’ - ! c  of i - m b - i t t  tn t h u  m u t ’ ~~- s sf

t he  n - g i c m t u u n p lu g i t n c ’ l i , s_ c l o s i n g  o sh u , u - t  s c m t u c i m m t  l i i  oh nmis )  i _ t i  u h - ’ . t  l i i i - c i t  c m ’ ’ ii i l d i L t  i i i  c m l i

mcmiii  s - m i t t s  c i  -
, c c o n  m m e - c m t u n t c e h l e ’  l i i i -  ! u i m t  a l l s i c v i n g  (toe- 

~~! 
-
~ S i t  l i i i -  ik  s h u t ’ . .  n m i N t u i t  m u c i I  c l i , - i t  c i t

s i t  Lb s  i - i m p  p u h c - i -  . l- ’s u r t h i - t  c i u m , t  I ’ , c - i c - -  - i i  th e ’ proble m b u m  i to cm c c c i  H i  t o e - m i S  i - in in the ’ sI t s icc i i

01 I ” c c ’ s c d i  c c c  b l I mp b i u u c - i s i u m g .  I b is  m o d i f i e d h u s u m s i m u g  cc c ,~ ni l in st  e l I c i t  in the - t h u ’us t e ’ i -

‘ I c - i c  i n i c _ the ’ u m c u l m , r : u m i e - c -  1 -  — ‘ i c -  u m t u ; - - u -  i i t m _ - u s e - u - u i  f s u u  S l i t -  i m i o ~h i l i i - u t i o n  c l i ] i c - m t  l u e - e s nu i t - m m u l s c u m ’ c-n t

i t  ‘. - - n ” . n i t -  I i  I s thec c_ t u tu  f ch i t  te n t  . ‘b hc’ I i ’s Ii t i m  i l  l i u ’ s m n m u s g  c-c - i i i  l ’ m m icm— t s i t ’  i t  i i i  in — i i ’
m l ,  !j \ i . O ’ 5 of  t O t  l b s  ut - i c - n -  t i m  th e ’  \1 - ’I ( I ’ L  I m o  0-e l m -  i i t — h ~t c - m c - , -  -‘H i s , c u r i u m  i ’ u l u c . u t i ’ s u u ~o -  o ’pm c u r l ] .

t u t t i -  - I u n i t  i g n I l t uc ‘lug bi n n i n g  nm o c l i i m - c u t i u s m m c -  c i t - i-  s_ i c - m i  u - u i  in  - ‘ m u-c- S  i on s , 5 5 , I’ t ’ ’st si t iv

i t  0-, n i t  ‘ u - i -j u t’.’. n ce-b eth - n on not (h is c o b u u s i r u m i a l  g n u ’. ’ .  ti m in  (lit ’ c c i  u s u n  u l s - j u c u c - - i t  c m m c i b u l  m m
m m  u t  l ’ s - , I c  us - Lii the ’ e- aI - l t snc ucm c-o us love ’ n ’ c u t  c c - me-n t  t h a t  mc - ui-a - i f  i me  c-c c - c - u t  the’ i s  i i i , -

b o r i c - u -  b°  c t m u i - I l m e r m t  u-oil - c - u _ c ’ sec t ion 2. i s ,  I n t o n e ’  t o - s m  i u y ~ w i t h  mm c - u i t l i u t  m u lc t ’ s i ’ ~~i c ’H id

c’ i l l  h r , ’ , t u u i l ’ .  c - b - i t - i l ’ .  the - ( l u c ’ n t i o n i ,

mu ’  di i i i  ‘0 11) t i m ,  icc em Iun dm un ic ’n ta l  pr’ u h l u - u n  a i o - c , n  nmo t t - i t  in t h i -  p r e c e - d m n u t c  h OC u g u u i ’ h c ”  -

S o u c i  - c c n u c - m I c i n c - t i . i u i c c l  p c c c S u u ’ t u m c -  c u n - u t se  t m ’ i m n i a m ’ i l c -  l t c ’ c ’ c u u n t ’  u s !  the-  Ic e ’ !’, i i i  p m - i ou -  t - x i u i - i - h ’ m u ’ s

w i th  c m i i i ’ h i ~~ u i l V  s’~~~ R m i  u i i u i t e - l h u S i t  s~~s tc ’m such mis (h is flue . 1mm i i c m r t i c i m l m m m -  the- m i g i i i i s

of the ’  t u u t , t ’ l  c l o t  S u h i p s s u - t  s t u — uc tu r e -  m m d  the i n i t s u s m t c c n c - e -  i 11cc - m u l l i on -  c l i ’ ’ .  i c ! t  c u u m i . -— h enri

I o d i n ’  pe c u i t u u - i u \  ic i c’ c t m i u l e r s - m — c t i  u n m m t e c l  when the n v s t t ’ m n  cc us l i t - n t  u l i ’ s i g r u ’ u i . In c

m i t c h ’  i ’ ’ n i , the’ t c i c - t u , u n a b  u n - c u ’ s  h m c ’ t c ’ . m - i - u m  p r op e l l a n t  r i ot s  cc m i ’ s - d i S c s  ci ~i i I c ’ m’ c’st i  i r c u t i . ’t t

5 u r - i m n ’ s c  i i ’ .  b u m  t i i - s c u u i c c ’  t e - c m s u s n . ‘I’he’ c i t n m s e ’ s b u ,i u ’ nt large- spu - ing t o m e i - s  ne ’( ’ e s nmu 5 ’ .  i ’ s  h o  s -e l
l i i  i i i  i i i -  I Lm n it i i i ’  Ic- l u - i l  Lu u s true tu i’at cli- Ileections cc hic ’ Iu  had mm t e ’umel ene’v to Io: mc l cup ti m e-

c -m u ; t l u i u m  t s t n - u - t t i u ’e- c m n i l  c s - c c c s i o u m c s _ l l v  c u i u m s l  or m i s ah i gn  the- p i s s i u c - l l m m n t  r u t mb c - c - . ~ m c -  ‘ \ ; i u . ’ n - u i - n e - s ’
‘p - o m m u i - u I  f n s , c u m  ‘ . c ’ s i L i n i i p  w i th  thu  c - V c - t c - i s i  cu hho , ’ . c - c ’d  l i i i  h s i u ’ m u l a t i e n c  of d e s i g n s  n n m c u c ! i t i e ’ c m t i u o .  -

‘.c h i  11 in s - I t s  u - I  u ’ l i u m m i n m i i t - s l  t i le ’  nc’ed lo u ’ sue - h Im u u ge’ sp r ingloads  m u n c h w h i c h  c - l i - t u b e - t i  cu  u n u s u - s ’

‘ i s - I  c i  c u t ’ . , - ( p  i i i  - u s s e ’m b l v .  ‘i ’h e- si ’ m m m od j  f R - m e t io mm s c-o u t’ d i n t - cus se d  in the - I l c ’\ t  s e c t  ) i s 5 )

ol t h i c —  i - i - i  iu n t ,

I t ion coril iu letion of the endu i mmcc-  S i  - s t , it  c-c u s noted t hu  a c - e m - c -  s m m m c m l i  q u m c t n m t  i t ’ .  m i t

l iquid  i mp  m’e -g na nt h m m ol I caked  ou t  of O u t ’  eun el  cap se - c i t  s i t  L ie ’ anode- t c u _ tn t e - u -  i - ct cm d of one
oh i i i  t ’~ I — S i i u i  t - c i l i c m c - i t u i m - s . 1 1 m m -  u i l i f l i u t s -  l c ’ m m k a g e  ‘ . c cu s  o b s e u - c - o - u l  unde- u t i n s ’ s i t  t im e ’ P h c9ius l l (



insulating caps cchich sc’ u ews onto the stud . Duri xmg fabrication sit (he ca pa cl(on -s sc - em-

I~ei. 3 ) , m m r e - duu uda n t  se-aling cap was to be’ provid e-cl over the se-al as a sep au -ce t e-

operation. To n i n m p l i h v  assenib l~ procedures this redundant cmop cv c o s soldered in

p lac e’ at th e- s c i m -un ’ l ime’  the c-a p acitou - eou ’ ec was solde re d to the s tuu l .  Thus , seal

m-ect un da ncy was not in tact u -ea lized. Eithe u (he simple two—step pr ocedure shoul d he

used in the fut u m-e , ou cc mino r - re -dc-sign of the sc-al shoul d be can -n ed out . In a r m y  case ,
it would be possible’ to epoxy the’ phenolic cap su ri to ti me stud to insum ’ e’ a good seal at

t hat point.

6.0 C ORR E C T I VE  1)ESIGN MODIFICATIONS

As a mesu l t  sit the testi n g that was clone - wi th  this thruster , ce- n - ta m design modifi-

cations were proposed which would lead to a more - r eliable o c t - n a i l  sysu ’n n capabl e- of

r-unning for a Iong e-r ’ p ’m - iod  of hands—off operation. Th e-se- modifications include -cl

s i l  Increasing structurm u l m ’i g idi t y and minimizing frictional loads on prope l l an t

se-ctions t s u  minimize- fe-e el s p l i n g  forces ,

d i )  Having fe- c- sb spu-ings of p roper  length manufactured to custom fit the thu - ust e r

r equirements so that welding separate  spring s togethe r could be e-Urciinated .
( i i h  M is ( l i tuca t ion of diss ipa t ive’  component heat sinking - within the po wc u

cimii ve - m - te u to in Suu - s_t prope c- output power unde m- the- most se - c c- r e ’  thermal

environ m ent In vacuum.

5 i v ~ Miidi hca t i on  of ign itou - plug housing to in com - porate’ changes in the - original

design that would c’I im mm inat e  the bui ld—up of carbon d c-posits on th e- surface -

of the p lug.

v) Fabr ica t ion of a new anod e ’ f r o m  M o lvb denunm which would incor-porat e

chan ges to the pro p ellant retaining shoulder leading to longer testing time
before rep lacement , I f ne ’ce-ssary .

(v i )  Fabricate n e w  ‘I’ellon propel lant  rods having full total impulse ca pabi l i t y

an d c ’ l i mn in a t i n g  the - c s -un ente d  innem - section b y unanufacturin g the inner
sections as uric’ ptec(- .

(vii) Redesigned spri ng feed system to eliminate the- heavi t ’i- spr ing nio(ou- and
pu l l ey  assembly used during the endurance test .

The above mod ilit’a tio ns we - u -c sugg e’ste- cl becaus e oh the tie -sire to perform ml

second endurance test simm the - thruste i m’ system for generat I on of the e nttre total impulse

capabilit y . ThIs k-st wil l  be p e - r fo r m e - e l  in—house - by the- A F H P L  munch wil l  have as Its

1~ 



s i t  i , - e t i ’ . e ’ s  the ole ’u i i ou is t t ’ mmt ion of lul l  ca pacit on - a n t  ~~~~~~ e- o nv e -  [ u - n  l ife ’  and I un c ti o ncm l
c m  I n a b i l i t y  ot the l u n c u p e - l  l c m n t  f o ’ s ’ s i  s \ 5 ( c ’ u u u  I I )  t o ’ s  t b  th e- s ’ u i t i  n i  c m u s m c s i i u u t  m l  i i~~i~~~~~ u-ed P rop e l la nt .
1mm m o i l o h i t i o n , th i s  l i s t  is L u >  n e r v e ’  as men c ’ c m u l m i c m t i m  ‘ i f  u b c ’ s i g i u  i c c c c u l i h i u - c u t i o n s  mmmdc-  on ths
i g n i t o r -  p lug housing,  cathode ’ , m end anode ’ r e ’ t m c i n i n i g  c - h u i u l c b e - n ’ m u n i d  i t s ’ ’  p u ’ o u u e ’ h l m m n t  t c ’ e ’ t l

c -c - i ’m. The t o l lo wim i g  te ’xI ihe- s e ’m - ihe ’ s the ’ m o u h i h i c - c i  i u i n c -  t i m - i t  c c - s  - m m  oh u m - u c - q u t - u t l ’ . -  i u u c u s ! u

i s ,  t h u  svc- cteu ii .

St n -uc tu  r a t  r ig ie t i ty  ol the’ p m o p e l l c s n t  S E m I u - I  c c s s e -  c s t l t i v  cc c c c -  u - m u b u m o n c e d  I t ’ .  rc-desi gn iu ig
the ’ cum u m f i g u  u -at ion of the- ce-nteu - semppom ’t ari d a l i g nm e n t  u -tr i g . In m e d c h i t i o n , this main
c - i  r u m c ’ t u n ’ m m l  u mie uu i l ) e ’r  \‘. c i c -c m achined ocut of a cont i t i ’ d c u u c -  m l c u n m i n u m  p lcm t e-  cv he-u-e- c m s it had

c c  n - e n c - b v  l u , ’ c  n m i m c m n u t a e - t u u — e-(l fm -or mm N l-; M~\ ( ; — l s s  - h m i - m i u u b i c - . t h e’ I i i u t b o l l a nt  s e m h ) p on - t

b u t i Le is  ‘.c c i i ’  mmlc-u iu  ‘ u ‘u !e’signe d antI machined f u o r u i  . ~~s inc h is ; . :t . ~ ni l  nu ~ a l u m i n u m  as

opl) ( u~~ m - u I to the ’ c m ru  i m m c m l  . 123 inch ( t  . (i~ um n i  ) a l u u n i n e m  ml m l c i t e ’ , The- I , u ’m m c -k ets  c - lo se - s t  to
t h i s  - ml -  ii i i ’  e O n  c c u i u c ’ c ’  on eith e-u - side- cc - c’ re- f i t ted wi th  a spring li,ad e-d ‘ I s - l i o n  u - r el ic -u’ ( m m

i n s e n n ’ c’ th m m l  the ’ p r — oj ’ e ’ h l c m n t  m uds w o u l d  hi ’  i n c - h i - i l  u b s u w n  i u r o ! s u  the ’ c s i m , m c l m -  s e m i t c s c e -  i c - d  pu ’i ei
t u ,  c - i m u n i m m p i c  c’ s s n l c t c t  w i t h  the ’  fu c’l u e - t c u i n i n g  c - h i t u l t l c’ i  cvh ilc u n i c i j u i i c s i t m j i m __ f r e - u -  n n u i t t i c s u u

e-c mi ’bi i i - c u ~s e ! l c u i ~ S i - ( ’ i i i u i i  m m n m clu , ’ u ’  L h m e ’ m ’ r u c u l b v  e ’xp cen d e- e l  c o r ’d i t i i m u i s , - \ p h s s t o g t  c u i u h u  c i  t h i s

m r u ’ - m m c ~_ i t s - n i t  is - c ~i c - s - n t i s !  b u i  t - m g s u i — u _-

In sim i le- i - ti m i u m i u i m n m i - s I t s  s~u m’ in g  tu n c ’ c ’  r— e - q u i n — c d  to Ic’ s - s b  thc inc h ’. l e t u m m l  I l i u m ]  m e h h u n t

S e c - I m i - i m . - -- ,  i b m - - ‘ l u - c s  c m l  — -~ c , m t c u t m i u g the ’ s e c t i o ns  e msim i g  cm thin c ol uu n i n m n m m c m i i  c o u ’ u c c u m , l  th i s-

s u - m ’ i p hei ‘. mi t  0-c’ h e l ix  c e - c u - u  e - x i c ; i m m u l s - d  U l ) 5 ) t l . it \ i c i t - d clc ’cis l u - i b  t i m  s e - p a m m e t e -  the ’ n i u i m b u l l s -  I i s u i s t

t h u  o cu l c ’u  c - u ’ u - t io u ls  r u t  t i ’ . u i s s - l l m u n t  mc - well  mis the ’ i m u m l o ’ s  t m ’ i u m  the u i m i s h i l l i ’  n e ’ e ’ t i u , n c- . It  a c t s

m o b - u ,  s i - - m m  - i c - - c m n e ’ ~ u i l t  si t the ’ o ’ x p s - u ~ie nce ’ ge - rue -u - mote - i l  tn ’ oun ce- i t u - k i n g  w i t h  th es sc~~I s  d i i i  t I m  i t

t h e -  c - i -c  [ us i n-c sh o u l i b  ic  d - d e - b i c u m ’at e (b on both the top cm ii t i m ’ - h u t t ,~ r~i b s ’ c’ c mi nse -  of t h e -  u n t ie-m n ’ ’ .
t i m -  the m t o  tu  I t  smi t h u ’ c - s u ing  l us m uch i ru g  mind Irnss i I by 1) i fl et t oge - the-m’ i f  s i - I u c u i c o t e ’ l m i m i  c r i b ’ .

c m i ’ - c - b e l t - . h~ s , ‘‘ s i m h i t t e ’ u ’  u - c u b Ic ’ ’’ which  s e p a r a t e -  the ’ thu t -o’ h so’ i)Iic’lian t sections fu ’omm m ‘ n i

c m u u u u i } i  u s in  b c u s ! h  t h e ’  t u b s  ~m n s t l) u t t o j u i )  Ic e- m e ’ L n I ( - t ) n l u s s u - c o t e ’ ( (  m u s t  the n - s - I uu ’b i sh e- d  s’. n t i - m u i .  ‘ b u s

si sI it ti-u’ u c o l  I s  we ’re’ s I wc- uc m l iv  ( ‘ s t m u t u ’ u  I cc ith T t ’ E-’R ,\ M — - l ‘l i-l ion e ’um c eUnsg b u n - u t - i - s c -  i i i  ul m l n j n m/.e ’
I t  s t - I  n u n  I i i  i ’ . ,  - i -n  the- r a il ’~ ,u n d the- pr op -lla n t c- s ‘ c - t i uwe ’m . In additIon , d o c - u s u i t ]  n m m  ‘ ‘ s m u l u m u m i u m u  mu
c - i ,  mm c c c m s  Ic - mI t  n n c - c i t e - i l  w h i c h  ties toge-ther- all  of the- pro p e llant su l u pre u - t  it r , uu ’ L& ’ i s  c m u u m e m n s h
tb - s u i t  c - i s i s  - i - b  n - t u r n  t t ’r ’mn - - . A photograp h m u f  the- com p lete u ’ e ’ftm rb i c-c h i ‘ 1  I u u a t l  m s - I  I m u n t  s e u l s b s i s  i t

c - t m  u ’ s - t i m  r u ’  is i m u ’ o ’ c - c - n t s ’ d  i ru  i- ’igur e- 9.

‘I ’he ’ me th od ‘.‘.lie - u e h ~’ t he p rop e-I lar it se ctions mi re Ic-s i  cc c i  c-u - u i ’ -u - h m m n g c - s  I m m m i  th e ’

u - ( - fc i u -his h e ’( l  s~~s t c ’ m n i . b - c m e - i u  n e - u - l i o n  is u m smc ’ .  proc -ided w i t h  m u c - e ’~s u  i t s  c - c t  ‘ i  c - p u - u sgs b i u s c - - i

t t c u u u u  c ‘‘ i c-c u ’ s ’ u i  l i m i t ’ - m u  t h e ’  .5 5  i i  mmmcl i  ( 1 . 02 mm) s b s d u c c -  i i  u m m ! u i e ’ c u i  I c ’ .  the s i s b u t t u ’ s  i c u i b s .
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‘I ’ hc- l um m c ’- -  n ’ i - s 5 i i i r e d  t ’  - m u m  ‘ c c -  the’ p u ’ s m i u e ’ I l m e n t  ‘‘ u u u l s  Ii c m s  s i ’ s - n  u — o - o h u c c ’ u i  I s ’ . -  - i  t c ’ u - t u , r ’ of ti-ni in

t he’ c - cost ’  of th e -  i f l m u i - n u u t s , ’-- t  c - s - ( ’ t ! u ) u c  mmmcd  t i  cm c o n m l u c u n c i ? m l e ’ u bc ’ gm - c ’e on (lie ’ i s t h s n t ’.co  c - e ’ i - t l m m m t s

mc - co ne-s c u l l u t th u - c-u s - n u s u u I i t i c ’ c o t i u s n s . Sp o ’ c i c i l  c u u ’ l e u ’  n s - g m u t u ’ m -  c - p i i n i  ha ’. j og s 1 u j u n ‘ u l s i i c u t c -

s huucl e ’ n s i ( u n s  mis t t o u r s ’  w e  m c  m m m m u n u n t c m c - t i n u ’e-d l i m O  the ’ i’ e - f u r b i s h e - s l  s’, c - ti-t uu I t ’ .  . 1, i i uu - t s - k  I h u t n i t m - t ’

‘— ; s n i f l g  I i i ’ u i c - - i m t u i , t he -  m I s ’ .  u ’! iut i iu scit in m. ~ c -’ . ’ -b shI m c - -,, s s t  i u i m i i ’ . ’ j c t e n a l  ~I t u ’ i u c ~-, s i c c  c u l u t c o i r i  u u ~is ’  hivin g

the’ i’ c- c1uiu ’e d li s u g i h .
‘l ’he I ’ c t - c u s b b s u u m m s  m l  ~~ ‘.‘.~ - m - c ’o n l ’ . e ’ m i s - r - cc cu t -u u’ e ’t ~u n ’ m m i ’ i I  E m >  \tm l m n m s n ’ e- I -: ls-ct n - nu m i c -s t s , n

u e -~s uc-kmeg irmg with tI m e- s b i ; u i ’ t i ’ . ’ c -  ot pru pc-u’ly b mi - ,m t c-inking t h u s , -  c ’ s s u i n b i u u n i u - u m t s  ‘.chk-h g o - n e - m i t t -

the’ m o i st h e- :ut . This t c t ~ k cc’tes c-to’ ce’ sc-fullv ’tc ’ectn ipl ishe d is ’ . tVilnui , i~ , m s i s - u c m u u n c - t n ’ c u s s - ’ I

u t e nu - i u c g  c - c ub use-f lu ent th e-u -m oat c’mte- inuu un ti nting of the ’ i ’ m i m n j t l e-te- I ’ .  i ’ u ’ l cm t -b ic- u h e - d t h u - u s  te - u

~ v c - t e ’ m , ‘i b is  u l c d t c u  is 1 t m ’ i - s t ’ n t c - s I  b a t e - u  in this u ’ e-puiu’(.

B c n l l i h — e m j u  - i t  c - c m  n i)e sui i l e ’ d u u s c - i t  c- mm the ’  c- ei u ’ f ce e ’c ’ of the ignitor p lemg cm m n have the mml t i u m ic ei s ’

c - t i c - s - i - t c - c u u m s b n g  the- b u t  im g [ u s  s u n  l b  m e ’ , t h i s  is so lie-c-mous e on e -c -  ths c x ~ s i c - u - s b c - n c n ’ l m e e - s -  i t

t h u  “ e - m n i i e - s u n s l u n c - t - s i  b i c ’ s ’ c u d c i u ’c- cour o p l e - tc ’ lv  c ’ n m c m t i ’ d  cc — Rh cam-hon th e path 1) 1 Is - tes t mu - s i s t u n n - e-

is s i b  s -c ’ t b i -  t hu ’ c ugh (hs- (‘cini)sin lco ’ .-e’i- ansi not thm’ oemgh the fl -st nnu su n ol c oc - c-i’ i t  c - u  - c d i  m c c c i i ’  m i s t ing

c t , c u t s - m ’ b c m l cms it s h u ) u l u I  l i m  t o n -  b u l o i m e ’ u  t i u — i n g  to uc cuu - , \h icu ’su t h r - us tm - i - c - , hc mei n g tc~ c d- c tI

dj s t -h c m u ’ge ~- m c i - u - ’~~ s ’c- up I ’ ’  2 1s t , di m c -  cum ni - i t m ’uvte ’d cc - i th the - i gn i t s in ’  p l ug  t s i c - s c -  I i t t e ’ ( l  into tile

i h m u — c ts  ‘ cathode ’ . ‘I ’hi - s l u g  cathc dc- ( o W e - u -  e - v l i u c d s ’ i ’ s cm i i  t h i - u s t € - u ’  e - c i t l m i c d c -  i i  e t h e - i t - l i s t -

i t  e ’ s c - i i - n t i c u l l ’ . -  the  c - c u ’ t d c -  i: u tu- m i t i c ol . ‘l i m b s  t e -chni quc ’  is not appuaJ ~) i i c u t e ’  at the- l c o m g c - u

u Se -h u n -g e - e n e - u - g i s  ‘c- e - h c u n - c e e - t e u ’ i s t i e  s it  m i l l i po uu ic i  I c - c e - i thu - sis te r’s b o a - c m  sic -s i t  h c u - ’i b e e n
s u sc - s  - - c - i-cl  thc o t  ; u I  eng u -  - sthod t ’  c - i ’ d s c-u ion b e e - t u n i c s  c- c- s -v sec’e- u ’ s ’  cu t  the higher  c - rue ’  u g i i - s  . The-
m u h i c c r i u c u ( - h  t~s u ’ s i  t i n  s - c u  i ’ ) V  m o i l l i p o c u n d  ic- c-c l th n ust e -ms wa s to insu la tc’  (he ’ ‘ l u g  c - c i t h i m m l e -  f t s i t im

the’  11cm - us i - u  cathode  b y c’a sti ’mg c m t h d - b c - l a c e r  of epoxy ci t u e t n m d  t he ’  p lug  c a tho e h e- . -\  one’
oh un n u t s  is [ m u -  ec ’us th -i i  e -onn e c t c ’m I I se R v o ’ s - n  p lug  ec u thode and th r u sts ’ m c ’ m s th oe b c -  t i m  inn- ’ E lm s -

high  impe -ola nce ’ path b t c u ’ L  to g round through the plug  wi th  m e-c-p c-c t t i m  the ’ pm uth  bac k t c u

c u - d us t  n u t  th rough t im - th ru i n  t m - i ’  cathode ’ . ‘t hat Is -chum ique c- l i  rim in n t eel the- i t  noble ’ t i m of d m ug
- r s s lon , and al though it cc’cis obs e- u - c - u - n I  that t h u - uste- r c - mmtho ml c -  s - u - s ic - ion in the c h - i r m i t i - -  cut

th e ’  p lug h e - c - c c r u n c -  mu i r , -  i uu ’ onem un c -e ’il , the- I c -ce ’ !  of c’roslon cc- m is still tot e-ca ble. I - c - i s u ’m ’i n ne m mt a—

I i u c u m  w i th  t h r m m c - t e - u - c -  c u t i i i 7 i n g  s t i l l  highe r- discharge ’ e ’ne ’m-gies for ced  the ccb d i n ( h om im e -u c t  of
that unetho d as cc c -I I be - c - c u  t i c - i -  the- ele ’g m a - c -  uu f cathode - u’ os ion m m - c m r  th e- plug cc us bet as ru l ing
un m mcc e ptm uI>I s  , c ’ v e n t u m u i l v  l c - c m s t i  rig to s io - s t . r uc t b on  cuf the- epu ix i -  i u i s u l m u t i u u n  s c u n - u - oun (h ing (he’
l l cng . It cc- mis dum r i n g  I m m t s  n ‘ c - I t s  - u - i m mc ntation w i t h  co conical thm - u ~ t - u  no zz le  that the ’ i s l i - c m

of placing the- Igni to  r p lug in an ins cul a te d h u m u m s i n g  in the - i m u u m m i e e l i m u t - c i c i u m i t i -  sit  th’-

27



dc- sired ignition I ocatiu ) n was de ’vs ’ I u  ‘I c u t . This t c - c h n i q c n e -  w i t  u - k s - ’  i c c c l i , e s sen t i a l l y

c-l i nm inat ing e r o s i o n  of Iues t h  the ’ p lug cathode ’ me nd thc -  t h r m ~c- Ic -n c - mu m bode- . The first  long
te ’ u - mum thn ’us ter e -ndurcsn e - e-  t i - s t  run  us ing t h i s  t u ’ s ’ h n i q u e -  was ~ i t s  t r m n e - d  for  N A S ,-\

I t ingle -v H . C. ( se’e’ H e -I . 7 1. I )u m -ing that  t e s t  cu p 1 s r t x i  m a t s - I c -  2. 7 m u u i l l i u u n  d i s c h a r g e - s

cc- c-u - c’ c m c - c- u n m u l m m t e - d  c u t  l m s s i - d e nt ’ .  -v cIc  wi th  no I c - s i  i u m t e - u - u - u j u ( i o n s  . t m u n m e l  impu l s e ’  of

3100 pound—s econds s i  3 , 795 s N c - I  ‘ . cci c -  ge’ne ’ r - mm tc - d  c u n u b  I . 7- 1 lb 1. 7 ¶ m k g) of ‘i e-flon prope -l lcmt

we ’ u - c- c onsunnec h . in th e- wake- of sue-h cm u’ s -s t i l t  it se- c - m s s u u - ~uu ’ i c - i n g  that i g n i t o m  plug

misf ie- ing w m ec - e-ncounte -u’ e-d dcui’in g the ’ c c mr u’ e ’m ct  e - m m c bu r - an c e -  test u t t e r un i v  7 35) , 1)051

discharges . When ou ce- c -c s ims i d c - u s  t h i s  u - c - su i t  sin (he lots is 5 st  t o tm e l p n ’ u u p e - l l a n t  mass

consumed , and it is noted that cu ppu ’o x imc ot c ’ Iv  2. 1 lbs 1. 09 kg )  cut p rope - I lant  we ’re ’ use-e l

during the 750 , 000 di schmerges u u u ior to p lug m i s f i m- in g du r ing  tics - c u r r e n t  I c -c -I , it is

unde rstandable - . l l o w ev u- u ’ , t he e-cu u ’b ona c-e- u uu S l c ec -  c -n  of c t - m e - n t  l , e- t ’ .v c-e -n (he- inner -  pn - ope- l—

lant rod may have ’ also contn ihute - d to the ’ p roblem .

The f i rs t  step tm u k c- n  in m u t t e ’ u n p t i n g  to u c ’ su u l c ’ c -  the ’ m i s f i r ing  pu - ob l em was a redesign

of the cathode- sum -face -  in the- v i c i n i t y  of the ignit ion hoim - . The’ or iginal  design called for

a 0 .25 inch (6 ,3 5  m m )  dia, c - h c m n m m t i - u e - d  hole in t h i -  l imit  cmmtho de s u r l c o e - s -  as show n in

Figuu-e 10mm . Carbon deposition on the d~sw uistt’ c’am li çu si t this hole men d subsequent

bu ildup of dc-posits the -ri ’ caused  the- hole- t i he -comn e- a lmost  e ’nt im ’e ’ lv  closed off h i -’ the

time- the ’ fi u -st m i s f i r i n g  was obse r v e d .  It ‘.vm eS m e-a c-on e-el at thm it  t ime- that the down stm- e - : mm

lip of the - h u h ’  n e -~u r e - c - i - n t c - m i  m u s tagnation region to the - ace-e leu-ating p lasma and (hat

some-thing should t h e - m e - f o r e  be ’ shon e - to m i n i m i z e -  the- frontal arc-a of th is stagnation u egion

and also tm - v to de fle ct the- flow of p lasma a c vc m y lu ’ cum the hole i( sc-l l .  lie-nec , the configura-

tion shown in Figure - 11th was a l ’ r i V e ( I  cu t .  Note that  the .25 inch din rime - ten - cir ’cular hole

was changed to a rectangular- hole ’ 0 . 23 m e -hi ’s long by 0. 375 inches (9.53 m m )  wide .
‘l’h - sum- face of the cathode- upstn e-arn i t t  th is  hole is slanted downwau-d at a 50 ang le to

dc-fleet the- plasma flow away fr oni the hole- . The’ cu ’uuss  section of the hole on the down—

stm ’e- an c  c - i s l e ’  is dc -c- re ’ m m c - o ’ el  in m m m c m i  1tv I t t -g inning  a constant slope- of 5° to the full thickness

of the ele-etrock ’ f rom an init ial  thickness of . 01 inche ’s ( .254 m m ) . The modified

cathode’ was not in s t a l l ed  on the th rus te r i m m e - m h i a t e l y  following the flu - st  misf in - ing

occurrence be - i -mouse  the manufactur’ ing time- would have ’ c immus ed the- system to be down

for a longer pe r iod of t ime than was desired. Uence , the orIginal  conf igura t ion was

replaced on test after ole-posits we -u-c ’  cleaned out of the hole and off  the surface of the

plug .
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‘I bm c-i (‘u u t i d  d) d e’U i s c ’ i t s m of n u i i n f i i i n u g  cu t  m e i ) l u m o x i i l s m i i e - l \  1. 10 mi l l ion  pulss-s

c m i ’ s ’ u ~ i ’ i s ’ u l  t i n  m u l c i u - u i s - n m i  I ’ .  the’ c - c s  s i c  i- c-c u-s i n os the- Ii m st . ‘l ’hc - m - u - d e - c - i g n d i - s l  ct m t h o c b s ’  was

neut  r e ’ c m i l c  t u s r  i r i s t m m l l c o n m u u m i  c - c s tho ’ c-circle- c om m- c c-tic - c-bc- te nting a u tis m cccu c - tmeke-n mind the s’.ste’un

put l u-mt-k i t O  t i - c - i , \ tts - n ’ n u - m m g b u i c  2.13 m illudu u t clis chmmu -ge ’s cc- c- u - c’ ae-c-umu icited (he- nc-cc-

c - c o th u u s i s- was im mst c uhi ’ - ul e i ui m nc g c m routine- c - b u t  down f u n  inspe’ ctis ’n i s tn n - iuose-s. N i m oth er

-hcmr mg u -s w e -ru - r um c ctl c ’ , curls I -c- (u -n m m imic - fir i mug cue -c-un red once m ig moi ni rut 2. 2 uni l l ion pulses it

be-c-mm me,- cilup a n-c-nt thci i - cm r u in e Ic’ t usc - its c ltugg i mug the sl ic-charge hole- were - not (he- only

u’s ‘c e sofl Ii - r th u - - m u  sOle - m um . ‘I’he- u’ece-ntl V ins 1 mm I ic-el umm odi t i e d  cathocic - e’xhjbited absol cut e -Ic -

m u m  c- v isit -ne - i - m l  e’cmrbon in ti me c i c i u u i t v  of the- hole’, indicating that the etc-sign modi Iicatimuuis

cc s-nc alm iureu p ri :ute . Nu-v e:u ’th e -t c ’c -s, misfit-ing had occur-u - i-il, a nsI at m m time which was
tc ui n - I c - iu e ’nir u sli c w ith the- p~’~’’. lu)it5 t’uvo i>c- e’ u u -u’ e’ mmu - e’s ‘ [ j u s u m i m-e- -’.-alination of the c-onfigu m c i —

m m c mi it )uc - cm e m mue ’ rI~ N sc mue ’nt that the ule -iu os it I curl sit c-ct ‘born on the’ su rt c t c -i - of the plug was still

cm pt ’s t u b  c ull co m m d thmmt thi s jsrobl e-mn cects lie- i ri g lu rt huc - u ccgg i- m i c ’mmte ii by thc’ e’xiste -nm c-e of mu

shm eu ’ Iu i- su m n s’ r l ’ s ‘tws’i mm m hi ’ plug e-coth oclc- c- u i-lace cund the- i g u m i t s u c  i u l  cmg hocusing innen- walls .

‘l ht’ j f l t s  - mnco l c - u  un l i gc um ’ cm t ioui c u t  the’ c-c- u - remi t - ul cmg humus .rmg cc as the’ u - c- to s - c’ u - c-tie-signed as

shu c ’,e ii  in l-um ~cum ’ e’ 11 .

t he’ stuml c ’e- pu’o\1sle’st ccr t cu unt t  the- c-i r (’um u mt c - i -e’n cc - u t  t 1e - plug cathode , bet’.vc-c’n the-

p l ug c u n u i b  the- i- i-  c - m i l l i e -  h u m i u c - i n g  c cu u l d  now ic - c u- n t acc uunul citi sm ust c-mu hon on the surface-

sit the - plug cathode - until the- scum ’ m ’ s u c u c c s  I I  mccc . c-mu ci tv \ c c u s  - u u n m i j s l e - t c - 1 c - ’ t i l l e d wi th  cambon .
‘t his c c u ’ c u i u l  h c u i u e - I t m l l v  not  occur lie-to i-c’ ib i s- th r -u s t c- u - in-ic! e ’uu i si p l e-te’d its tie-sign life’ . No
t - st imm g b mc c u l iii’s ni c - c u - m i - u I  s u cm ~ c m l  the- ti n ue- of this cc n’ il iui g to d c -ti r u i uitmu ’ c’.’he-then— o n— not tile’

mu ch fjc-s I picmg hocus i mm ,- c - s i !  vi -d the- h t m l  Ii mm is! ccc m ’Iutrn bcm ild—U i u on the’ plug sum’ l:u-c’ - The

u- cole - sign will lie- i-v a lu ,t - m t s ’(h , b ii c’ .s ’\ s-u’ , cloning s’uie tu uc un ce ’ Io - c - t i u lg at the AFRPL.

I~ase-cI on thc’ (cc - i c - su l the’ th ‘sc ’ e ’h’c tn - n s d s ’  m m i :mts - ni c u I c -  dci un u i g this pnogram it a;toc’ars

that Molvbck’num c-xhibitc- least i ’ t ’ i u S  I ’  u u u d i t  the ’ ‘ s um ’ u u i c ’ s un ’ tc o c - c - . hI s ’ nmc ’ e’ , the re-fu rbished

th ruste-r s v s t c - u u i  is be ing r umo e j uts-ut with mc c’s s~opcr c athode- mind \lolvhde-ncum cunode . The
luatte’rn of’ s O c - s - u - c - c d  : u i u u u b u -  s - u sc--ion mis s - x jui mu i r u - s .l j u t ss - eilnu n - i . ii in (bi( ’cm te-( h thmmt ce’rtaitc

gm’ onic e’tu-lc (-immun e - g m- c - c Ii ’ the’ u mi’ig m m ic ul Is ~ign wsuuld t s s -  l i t - i c e - l i t  mmi i  cc itO u i - g m i r d  to longc ’vi tv

sit the- pr o i ue - ll mmn o t r- e - tci i n i n t g shou lul e ’u , s c ut t i i - c i l c m m ’ i v  in the ’ c i c i n i t ’ . -  uI thc- docc’nstu-earn

i sm ’um iu s ’ll an t section. l- ’u u r want of c- mi S s- n o o m  s- femnel m nm e-ntcu l solution t i m  the’ retaining sho ulci e- u-
e ros ion I)ro~)lem , the’ 

“I ‘nOte ’ I ts i t ’ s ’ ’ c m i i !  s i c  t us h of si unpl~- ~up~ulv ing mis u- c’ anode mmmte ’u-ial

in the- c- je-jnjtv i t t  the’ s - f t c - i - i cc - cl c-i vc ’ r c ’ 5 - u
_
us c - Iti n us ’g ion is the- br osic lure-misc ’ for- the-se’

gc’omc-t n ic ’ rum ‘‘hi t i c -c m tiu ‘tu c- - u s g t c o  sic to in~c c-st i gc ui s - I t l i s  probl c ’umm jim the-tail ~c-1ll h u e ’

I n i t m c m t u ’ d  in the- im n i u n -s li -e l m- t m mtu s s- cmn e h ci l ss ’iuu m , mm mc - flt -uu slutio n cc’llI be- gc-rce- nc u t e - ui oiuu-ing that

u~’i ig u c e u m u .
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i 1 g c c u - s-  12 I c -  mm u s - s b m n c ’ s ’ sb  - u m g i n c ’ c u i n i ~c- . u l m c i ’ . v i u r g  c u t  ( O s -  u n o s l i l i ’  m l  c i i i  - d i  u k - s i g m u .

t i m m n i g u - ~ fu’ u s c c i  t he ’  i d u c ~ i c n c u 1  i u i c i m n u i c -  m m m i  i n - m - - c o c - e -  in s l m u u i m t u k ’ m ’  h i - i g i u t  u i  t h e  m b o c c ’ n s m u s ’ c u r n

‘m m i i  e u l c t c u i u u i - ~ Iu c - u I i n u i u i - s t i c u - g th e ’ 10 (io’.’.ncc c o m m I  s l u ~t u s -  c u t  t h u  t c u j u  c - e c u — t r u c e - ;  ,-cn in c -c - c n c - c  in

t he- u i i c - c m - m n c — e -  1 ’  c ’ . h i ’  0 P s -  h u t - u t  i - n i b  c - u - m u s i c ’ s  h c - l c s s_ — c-ui l i i i -  i s  c m i u s  i l c i n i t  t ’ s c I i ; m O i n c - i - c- - s c - u -

i i i  t h c ’  h i l t _ l u!  c i !  I O u  limit p s i u l  ion ml ’ t l cu -  c - b l c ’ u m l ’ i ’  u f rom . ( 1 32 in i ch u ’ c -  ( . — l  m in i m ) t c m  . 5 i s T

in s t - l u , S I i . -I u n u u m ) ;  aoud ‘s ui , ’ e ’m’ s ’ cu s u - in the- (- P ci umife- m snu g ! ’- ( I s , !’.’, ‘‘c-n th u t e t b i t u l  the I c u t

, h t i c m h u l s - u  ansi tlct’ tus h scu u l c se - m - sit the’ u - i s ’ e - t u u i u h s ’ s . \ l i  ol the-sc- u nioi hi li c-mu tio n s ‘.c o m— c- incou- —

p u u m  r o t s - u )  i i i  c c i  li - n -  to c i - - ’ .  l i i ’ -  cs lam’ge’m- cist ioun t ot c - l u - t i u c u l m -  u i U m S S  on time- docc’nst u—e anu m c -mi s l

of time- ‘- Iu i s i n l s l i ’ t ’ , t h i ’ m ’ s h v  u i I c s ’~vi lg ltsr n d m u s n u ’  u c i a t e - i - i c o l  l i i  s u u s u b u  c m w m i v  h e - l c i ’ i- the sh o u l d e ’ n

h i - i-g l u t  l s c - c ’ i m u u t i ’s i i ’ s ( d u ( ’ ’ u l  i i i  ci s i l t ! ‘ . ‘ . - h i - c -c i t c’ ccn no h u n g - n  u u - t c t j n  the ’ sp i - i r ig  tu t i m ] c - s l  p ro —

u s - I  l c m i u t  u i ’ s ! .

l ’hot i g r c m j s h s  of the ’ counp le ’tc ’d m ’e’fun-bi shc’ul thruste r c’!\ c— ct - n c m s n - c- t u n u  ‘ s c - m r t e ’ s I  inc

I- ’i~rui ~e. 1 ! . ‘t h u c n i - mi  v a c e m u m m m  I s  - stimm g of the- c ui n n p l m - I s  - c-c \ i— te-nc i (including (ho,- u - e ’ l c m m - bish e-c b

i s o\cu-n ’ u - l u’. -si m s ’) c’.m is pe’m ’fou ’s tm -u! cst Fmm im ’ch ilel Recpcublit- Ln( l t b i c -  i c - s u i t s , pu’ i ’ s e ’ m c t e - s I  in

l - i g u  n - c 1-b , i nd ica te  i i  c m i p l s ’ tu  - I v  c-om~m mmt ihle- um l se c - m - r c t i o n  iii v m u c - u u  in .

7 , m s ( 5 s N ( L I  I — i t  uN ~
Th is s u o g r a u n  ‘.‘. mu -c t O t’  hi  i c - i  cu t t e - u c i p t  at the’ t ie -s ign , c cc - s t - m bl ,y and tecsting of a

e s s m u j i h m  m - l ~ - i n d t u - g i - c n i ’ ’ u I  m i i i l l i i i oc mn m i  thu - ins t h i - c e - I  Pu l s e - u i  b ) l m & s n l t m  t h u - e t c - i c - u -  s \ s t c - n c l  iml co i’ pou’ating

the ’ cm l ’ .  c o n e - c - m I  n i g h p e ’ c I s s ’ u i i r i m ’ e’ c- i s l ’ - —— n s - s i  n o zz h -  c o n f i g u m m c t i o n , he l ica l  pu - o b u c l lmmmm t  n ods ,

i n c - n - c - c o s t - m b  stj t  t — ‘ i — m i m i  h ig h e l m s  - u g  c b e ’ n e s i t  cm cpc c c i t i ,  ‘c- mm mii  _ t p ac kc ugs - uI I s  u ’ c - c u u ! u o c c t i l  power

c u  c n u ’ , t ’ r m t  u , ~c J - s u \  i s  ‘ s t i u j u i c -  which exis (ech at the onsm I s i t  t h i s  p n ’ u t g  ‘ ci n i l  I i c u c  c ’ been

conic - cc s- i s - u !  s i c - !  ‘ ‘ s  c c ’ - nc~-w es’~ t h u u u i s  mind pu ’ u h l em im c- : ictvcc- c - u i ’  m i r e d  cc I u i c - t ~ ha ’ .  e - not lie- i n

p c u  ‘. i u  ‘c i s t ’, e - n u c ’ c  u enn tu ,’n s , . ~~u , u n e -  of the ’ p m - o b l e - m n c -  c ’ n c ou mi t e - n s - c f  cvi’ m c ’  so t ’.  c d  whi le ’  ot h ems
cc ill n c c t u ’ - 5 ’  mc i )  u s -  tO ’ d -  c u d  h s f l  mlii t h u g ibis , coem u - c- -ce ’ of ils-ci- l o pu n c-m i t , h i _ mt the ’ p n o g i m o c - i s  I t i r

g - ’nc c t u t i n c - g ~, , b u t i c u u i s  t o ,  ii ’ . , ; s ’ n s l s l u - s u u c -  cc-hie-h still t - ‘s i i - c t is e- , cc’ l l e ’ umt . \\ ‘he’n one- c - suns j d e ’m ’s

t i c s  i - i c - ’ b m c u l  I u i ’ — i i  us i se u lm-si ou m s\m _ utc’in s - ’-,e’t ’ s- sb s by cm I c i c t u s m  ut  u - u i  the- m mr cmo m mu i t cut t h u ’u s t

etc- t i c - c m l , me nd 1sv mc tt u e’ t ‘ m m ’  u m t  - i i )  t he’ ci nm iu nu t  is)  t o tm m l  i u r c h u u l s e -  c ap a b i l i ty , cc’hih- m it  the

same t i m u- h i ’ . i n g  l i _ i c , i - i l i l ~ hi g h c - u ’  u ’ t l k - i s - i s c - ~ t i u c c u m  m m m c ’ .  p r e ’ v i s u m n s i y c i s c - e - r m u h u l u ’ s l  p t , l s c ’t i

iu l cm ,si m , ’m l uu - o l i tdbc - — m d uu i c - i c c - s - r n , s O s -  u - uju c eii m ’ I , - c - - tl uc i t mm iu l s sum juuiu p in (h i ’  ‘— t ’u tc - —o l —c i u ’ t locus

I s - u - n m m u l t i - c  c d .

‘I’ho’ i u u m m j o r  t u - h i c - c s’uuuu- u ~t ‘ i t  t h i s  ~i r ( u g u u m n u  ce e ’ s u ’ ;

s i c  I ts -m uus , n u c - t rat j u i n i i t t  t h e  c m m c , - s l s i h i ’ ~ i u m  l o s t  c - c I s m u r c u s m  s t u l i u l  uu ’ u u u u s ’ l l r m m c t  s c - -t iouis

I s  m i s c  t h s ’  ‘-c j i l t - c -  s t  the ’ ehic- u s - hm e c i t _ u ’  c - b , o t u n u u  I c - i t  I h at  high i u e - i ’ f o u uc irurue- s -  c - i sm: lel hi’

m’ i- ’ u i i ~ s - u i  m m m i i  i ssc siru tcmju mc -u i .



(iii 1 )i ’m im ,, m ic- t m - t u ti ,, uu ml the’ ium ’i n e-i i u l e ’ sit c— I u u u i n g  1mm ‘g o -  cuuc m c u e m ni ts m l  so l id P r O h ) e ’ l—
imi m u t i u c -- unm m .t _ he- in -c u u i  du b uc- il a ul t u- oeic-i Is> u u ci u l h n m u i m - c- c o l u m u m s - i m - l i -  u ’ e-quin - ec ncle-umts _

u jj j i l ) e - n i u ’ s n u c - t u -c o t i t t u i  oh the- i ms ug to-u - nut cm uc- emu um m (‘ u tuuu ) m c umiI)itit\ c onm ul Ole - mt high

c’t m i - i - g\ i i c- u cc- - i t\’ I’~i - — t i l n i  i ’ c t t i c o i ’ i i u u m c - .
ic - s l ) e ’ u u m s u n c — h u ’ c i t i t s n  ot the thc-u - unal  c ‘ o c - c u t m u u s  r u ) u m u ( u u i h l u I l i i ~ i m t  t t i s ’  e ’ u ,un i i l e - t e -

thu us te - u - c- V s i s - u c d , im i e - ic udhu c c t_ su’.c c- n c-u)rc ’ .u- m - t c - n -.

t c - s I ) e - u m m s u m i s t  m m ct ion u I  the  long h e - u - nu t  n s ’ t s - i m t i o u c  st  h igh b u e - u ’ t em nuu m cu nc c - n i  is ’citm obl c-

thu - c ic -ting t’ m c i u m m i m i titv of the’ s u s i e - r n .
c i )  l ) e - t u m o n s t u - a t i t m u m i  of u s m o u c t  t h mt u i  12 , ss s m ( )  Il — s c ’ ’ .- i s !  to tm u l i m pulse d u u ’ i u k ’  c o m m

i - n c l u rm umm e - e’ u c u c u i m n u  N - c - !  c u t  i n c  i~~1> 
i c - i ’ s - e - t h u u g  I s ; s s m -~ .

i-’ c u t u u ’ e ’ ti- sli n g c u t  t ime  .\  i - I {i t L  c c i i i  I s -  us ’ u l s u nn e ’el is m ’ the ’ 37 , , , 5 ~~ ( t u s ~’u _ufld c - e ’ e c o n u ’ i s

c c m m i s m i L i l u I ’ .  oh the ’ s v s t u - r n . The - c- c o i t u s -  t i es i -  i ’ c i ) s c t s ’ i t u t i ’ cc- t i c- w~- m ’ c ’ us c - - c e ’ s !  c l i u r - ing  the - endu n m ou i c - e -
t e s t  ps r - t u u r  m u s s - i t  rut  b - t s l  u’ ct b i i l d R e-p ubl ic  cc i i i  I t e -  us e-s i  d un i n g  i c - s t i n g  c u t  the .\ 1-’R PL. I J t - u m c’ c - ,

t u l s u s c u t  :1 st  m m m i i - ’ -  h i l t ’  t h t u u s  is  m ’ t ’ q u i u c - c l  cc - i l l  ( m c -  d c  n i u c n s t n - c u i i ’ d  on (hi -se- em its at the c o r n —

s lc ’t io m i c t  to - c - - i lug c i t  the- -\ l- ’H ‘1.. ‘t he’ niotli ti e - s b  catho d e’ , munod e- , and ignito n p i ug hous ing
obe-si gm ic - c v i i i  be’ s - c c u b c u c u l i - , I  dim m ing thc s i  t e s t . l-,’ li-c’t i ~, u ul t ’ e’ u’ ts shon cc-ill I t e  s tudied in— u be ’p th

I- ’t ihu - - hi b u l R e - b s ’ . u l ime - in c m m i s u t h e - u ~o m ’ eug m m o n m m  to & - i n t u i i u m t , t i -  the-  u d ) I i - n h i m m l  t h t i u s t en -  t m m i l c m u s

node- n - c- s uI t ing t n s t u i i  s - x t - e - c - s h v e -  cu -h  u - & - t a i m m i n s g  c - h m ,u ulei u - u ’ c’r- uuc - Iss r i _ \lth uum u gh iruc’ -sti ’g c ui ie suus

w i t h  respect to d c ’ t u ’ i ’ t s i i m u c s t i u s n i  of u m i a t  s - u h t i l  - i n t ’ l  ‘ d d t  geom ilc- (m ’ic- c- su nflgcuu ’ci ti ’’ n e ffe cts on

O t u , i - 5 i 5 ) f i  i c c-u i cc i l l  he-  c-tm m u - s i  ‘ s l i t , th e u l t i u i i m i t c -  o h b u - u - t i c s -  cvi i i  s m -  c ’h in - u ina ( ion  suf this

p ot entim m i f a i luu - c -  m u s i c -  l u ’ .  ‘.vhate ’.’e- m m eans p u s u - s i l s l  e - . I-’c ’ ’.- c - n - cob  ml ’  ‘ i c - cu s u i t h ’ .  con e -c- b i t s  e c u n —
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