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Abstract 

The ATS-6 geosynchronous satelltte carr ies  two cesium ion thrusters as part 
of the technology expertment package. Their effectiveness in controlling the Space - 
craft potential has been shown durtng normal operation of the thrusters. The Uni- 
versity bf California at San Diego auroral particles detectors were used to estimate 
spacecraft potential, amount of cesium propellant backflow to the spaeecraft, and 
"electron signature" of the thruster. Operation of the thruster clamps the space- 
craft to about -10 v in the presence of a wide range bf ambient particle flux. Some 
posttive tons from the thruster a r e  returned to the spacecraft during thts period. 
The plasma brtdge neutralizer of the thruster is also effective tn controlling the 
spacecraft potential. Laboratory simulation tests of the ATS-5 ton thruster 
thermionic emitter neutralizer showed that negative differential charging on the 
spacecraft surface probably prevents the emitter froill completely discharging the 
spacecraft In flight. 

Thts paper presents the results of one phase of research carrted out at the Jet 
Propulston Laboratory Californta Institute of Te-hnology, under Contract 
NAS7-100, sponsored 6y the Nattanal Aeronauttcs and Space Admtnlstratioa. 
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Figure 1. ATS-6 Spacecfaft Configuration 

rotated, a strong angular dependence of the counts w a s  also observed. In Figure 2, 

this aligular dependence is shown for ions in the 11.8 eVchame1, corresponding to 
the peak in the low energy counts. A strong maximum is seen near the due north 
(Oo) direction, with a weaker maximum near the "straight up" (9Uo) direction. 

550 eV. Hence, the primary beam ions would not likely travel to the detector, par- 
ticularly since the local magnetic field w a s  roughly along the b, -am direction. A 

more likely source of the ions detected is the cioud bf thermal energy charge ex- 
change ions formed near the beam boundary, especlally near the thruster exit. 
These low energy ions a r e  greatly influenced by the electric fields resulting from 
dlffer~ntial  charging on spacecraft surfaces, Whipple has shown in fact, that the 
solar a r ray  surfaces of ATS-6 can often be the order of one or two hundred v d t s  
negatlve with respect to the rest  of the spacecraft. In addition, the differential 
charging also appears to produce a negative potential ' well" In the vicinity of the 
solar panels. Sueh potentials would be sufficient to attract ions to the upper por- 
tian of the spacecraft. In fact, the 0' angle of Figure 2 corresponds to the detector 
looking approximately at the north solar panel. The data of Figure 2 therefore 

The thruster beam was directed downward at an angle of 66' with an energy of 
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Figure 2, Angular Dependence of 11.8 ev Ion Count Rate 
During N Ion Thruster Operation on ATS 

probably corresponds to low energy ions produced ifi the thkust beam and’then bent 
around the EME by the negative differential chargthg and potehtizil well in the 
vicinity of the Solar panels. 

during thruster operation have a peak around 10 eV bbt have a very nonMaxwellian 
distribution. Such characteristics are normally cot seen in the environmental 
plasma. This is further evidence that these ions are introduced by the thruster 
and are not truly environmental in origin. Since the thruster couples the space- 
craft to about -10 ‘ct with respect to plasma potential, thermal thruster ions reach 
the spacecraft wtth energy of 10 eV, explaining the peak measured at that ehergy. 
Of course, any low energy environmental ions prcseht would also appear at that 
potential. However, no low energy environmental ions were seen prior to thruster 
operation. 

accompanied by a similar low energy ion peak. These data have not been analyzed 
in great detail, and it is not understood why this vkriability exists. 

Analysis of the energy distribution shows that the low ehergy ions observed 

Operation of the plaema bridge neutralizer alone is som&tlmes but not always 

124 

7 
i 
‘4 r 



r r- 
I 

! 2: 
I '  

I 

. I  

i '. 

2.2 E l t "  #erisurements 

The eleetron detector normally 8haWs a group of low energy eleetrohs to be 
present under almost all conditions. These electrons, which peak around 10 eV, 
correspond to secondaziles and photoelectrons produced at the spacecrtift and 
trapped by the negative potedttal well surforinding it. These low energy electrons 
persist  even during daylight chargin& events of a few hundred volts negative. 
Duping operatibn of the ion thruster the count rate  for these electrons drastically 
decreases, iridkatihg their ability to escape ftom the spacecraft vicinity. 
character of the r e m a d q  low energy electrons is quite different, however, froin 
those without thruster operatibn. 

tively the count rate divided by the square of the energy) is platted for the low 
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This difference is Bhown iri Figure 3, wher.e the phase space density (effec- 
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Figure 3. Phase Space Density of Low Energy 
Electrons Before a d  DurtnQ Ion Thruster Oper- 
ation on ATS-6 
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energy elebtrbns before and during thruster operation. Note that a Maxwelliah 
distribution should give a straight line, the effedtive temperature dCtermihing the 
slope. The thruster-off electrons follow a straight line quite closely, indicating 
a. neap Maxwellian distl'ibutiofi (tbmperature I 5 eV). It sh6dd be noted that the 
lowest e n e t m  paint is subject to relatively large e r r o r  because of energy scale 
calibration difficulties. The tkusrer-on electrons, aside from being fewer in 
number, show a distinctly different distributisn. They are no longer Maxwellian. 

It is hot likely that electrons from the thruster plasma have arrived at the 
detector, because of the adverse potentiaLgradlents. A more probable explahation 
is that modification of tf-s potential bar r ie r  by the thruster plasma has allowed low 
energy env'irbnmental electl'ohs to reach the dethctor. Normally these electrons 
are repelled by th,? negative potential bar r ie r  a td  do riot reach the spacecraft. The 
electrons detected with the thruster on are thus probably a mixture df spacecraft 
generated secondaries and true environmerital electrofis. Since the spacecraft 
wad clamped at -10 V by the thruster, the environmental electtons were tetarded 
in energy by that amount. 

measured electrons as does full thruster operation. The neutralizer does not have 
as significant an effect on the potential barrier.  

of thb low energy electrori courits. Since most of these electrons originate at the 
spacecraft, this is not surprising. 

Operation of the neutralizer albne has a similar but less drastic effect on 

The thruster operation does not have a clear effect on the ahgular deperldenee 

3. ?LTSS NEUTRALIZER EMITTER LABORATORP 91tiL~L41'ION TESTS 

A ser ies  of tests were performed in the Xerox-Electro Optics Systems 2 f t  x 
5 f t  long vacuum chamber to atudy the characteristics of the ATS- 5 thermionic 
emitter under cohdltions simulating differential charging on the spacecraft. A 
schemati& diagram of the test setup i s  shown in Figure 4. A flight spare ATS-5 
iod thruster was  mounted along the centerline near one edd of the vacuum chamber. 
The end of the thruster protruded through a hole in an electrically isolated metal 
plate simulating the spacecraft surface. This aprangement resembled closely the 
actual momtirig of the thruster on the (cyilndricall spacecraft. A second metal 
plate, 2 ft from the first, was b e d  to simulate a plasma sheath o r  potential barrier.  
Power supplies were provided to btes the two metal plates as shown. Currents 
were measured as indicated in the figure. 

Power was applied to the thermioriic emitter neutralizer appropriate to give 
176OoC, the flight nominal temperature of the emitter. With no biasing about 
4.25 pa emission was obtained. It was then noted that up to 200 v negative on the 
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Figure 4. Schematic Diagram of ATS- 5 Emitter Laboratory Test  

simulated sheath had little (< a few percznt) effect oli the emission cuprent. How- 
ever, even a small  negative bias on the spacecraft supface produced a marked 
reduction ih the emissioh current. This effect is shown in Figure 5, which is 
taken from an X-Y plotter output. The total emission L a  the total curretlt leaving 
the filament. For  camparisoh, the current intercepted by the thruster shell 
(identified a s  ATS- 5  Ion Thruster in Pigure 4) is also shown. Note that almost all 
of the current escapes the thruster and little is returned directly to the thruster 
body even though the filament is recessed a few inches ft-om the opkning. 

Differential charging on the spacecraft surface is thus very effectlve in sup- 
p r e b i n g  emission from the filament. In the case of the fltght tests devcrtbed in 
References 1 and 2, the dpacecraft *as charged to a high negative potential in 
ecliese. Both the surface of the spacecraft (largely covered With solar  cells and 
hence is dielixtric) ahd the frame shottld be a t  about the same pbtential. However, 
if  the ftlament is turned on the spacecraft frame becomes less nekative whtle the 
surface remains at the original potential. The filament then experiences a nega- 
tive ditferential potenttai which suppresses the emlaston, a s  in Figure 5. The 
filament le not able to reduce the potential further and the potential may remain 
apprpximately constant or increase in magnitude. The details of the envtronment 
particle fluxes .v:d energy distribution, a s  wel l  a s  the geometry of the spacecraft 
determine the actual voltage history of the spaceerraft during this procees. 
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Figure 5.  Emissidn Supptessibn by Negative fikrface Potential 

The change in character of low enei-gy elections and ions detected at, the 
spacecraft during ion thruster opeiation has been examined. The result indicates 
that use of a plasma device fop spacecraft potential control produces a signature 
at on-boar6 particle detectorn. Ixi order to minimize or understand contamination 
effects a carefu1 calibration, in the laboratory o r  in flight, would be necessary. 
In addition, mounting of the discharge device on a boom we l l  away from the space- 
craft i s  probably desii-able. Dielectric surfaces, which can cause diffeerential 
charging, aggravate the contamination problem and should be avoided on the 
spacecraft. 

craft surfaces iq very effective in inhibiting electron emission from the ATS-5 
neutralizet filament, This effect prevents the emitter from completely discharging 
the spacecraft under those conditions, and explalns poor results of attempts to con- 
trol the spacecraft potential in flight. Dielectric surfaces should be avoided for 
electron emltters to be effective potential controllers. Mounting on a boom away 
from the spacecraft would also minimize interactive effects, 

Labpatory  simulation studies have shown that differential charging on space- 
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