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Abstract: In the article the results of development of higteurrent cathode (up to 50 A)
for high-power Hall thrusters are given. The desciption of test-bench facility: vacuum
system, power supply system, storage and Xenon feggktem, measuring system.

. Introduction

t present one of the most used in space plasmatéhsuis Hall thruster (HT), presented in StatigriRlasma

Thruster (SPT) and Anode Layer Thruster (TAL). Tehéisrusters are well enough researched. A variety o
companies (such as EDB “Fakel”, Busec, SNECMA) ta@damilies of thrusters which overlap the powfeosn
hundreds of watts to tens of kilowatts. For examplal thruster SPT-290 with power 50 kW, createdhe USSR
in the middle 8% in EDB “Fakel” is known. In the European Union @ndhe program HIPER the HT intended for
50 kW regime is created. These Hall thrusters redfieiency about 70% at nominal operating curresfis.60 A.
Design operating life is defined in 2000 hours, tvidatermines the possibility of such thruster usiog
interplanetary missions.

However, the question of development of the catHodesuch thruster remained open up till now. I 8TC
SPE at KhAl there is great experience in creatigHcurrent cathodes for space and ground appicafiherefore,
the cathode with a nominal operating current oA5@as created. The studies of its characteristick@eliminary
short-term life tests were carried out
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Il.  General Guidelines

A. Small step back into history

Currently it is not a secret that in the USSR theege a lot of programs related to the necessitys® plasma
thruster such as SPT and EDB “Fakel” in Kaliningrads engaged in development and manufacture dhi.
scientific support for these programs was carrietlly numerous research organizations, includinglkKlvhich
was assigned to the development, research andgestinew types of cathode-neutralizers for the levtiamily of
SPT. For the serial cathodes EDB “Fakel” appliedttens on basis of zonal fused Lagroduced in the Institute of
Problems of Materials (Kiev, Ukraine). With a saf@intly high work function (2.7 eV at 1400-1500 °&)d low
resistance to poisoning these emitters have thg behefit: they allow long-term storage under atphesic
conditions.

Accumulated experience at KhAIl in researching th@seive materials let us offer the use of impregdat
emitters with tungsten barium aluminate compositibime work function of emitters varied in range-2.2 eV in
significant decrease of operating temperature 1B °C. On the basis of this emission materiakttbodes with
working currents in range from 1.5 to 70 A were eleped. However, for space applications they werteused
because of the collapse of the Soviet Union.

In the independent Ukraine the works in improvemehtemission materials were continued. Different
compositions and fabrication method were researchieel main results are shown in Fig. 1, for congmarithere is
also data for other types of emitters. New typesrofitters have tungsten matrix with impregnatiorBaySc oxides.
Developed materials have full resistance to atmesplinfluence, high resistance to poisoning, ajgable to work
with current densities 100 A/énn bombardment by ions with energies 10-12 eV tentperature 900-1100 °C [1].
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Figure 1. Low work function vs temperature #2,5 BaQ#1,3 BaO-A}O3;, BaO-ScO based impregnate
emitters.

Developed materials were successfully used in s@finigh-current cathodes for ground applicationfig. 2,
3a, 3b the cathodes which work in nominal curr&3 A and 2000 A are shown. As a working gas ble¢hgrade
5 Xe (99.999) and commercially pure Ar (99.8) waeed. In the second case the running time 1000shwas
done. The tests have shown the absence of chanfjiegissive properties both in vacuum testing andse in
atmospheric conditions. Further tests were notiedwut because of high financial costs. Thus igé hesistance
of emitters to poisoning was confirmed.
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The results of these studies, as well as experigaoed in the development of the cathodes witlominal
operating current up to 20 A were used as the ffastevelopment of cathodes with current up teA60

b)
Figure 2. 500 A cathode Xe working  Figure 3. 2000A cathode installed in vacuum chambea) and its working b).

B. Test equipment

To study of the cathode, a test bench equipment SPE at KhAl. Scheme and characteristics of theiwac
system are shown in Fig. 4. Wiring lay-out of catee and its installation on the cathode flangeshosvn on Fig. 5.
In addition to measurements of electrical paransetez test bench was supplement with spectral me@asmts and
probe diagnostics. However, at present study,diaignostics wasn't used.
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: Parameters of vacuum chamber:
e o
8 Lenght- 11 m
7 Diameter: 0.9 m
s (@ ,’j_ Volume: 0.7 m”
) Pump productivity: 2500 /s
e == Ultimate pressure: 2*10  torr
4 =
; &) 0.86 mg/s Xe consumption
> ' vacuum: 32*10° torr
/ qgas ouf

Figure 4. Hydraulic circuit and parameters of vacuum facility:
1, 16 — forepumps; 2, 15 — bellows; 3, 6, 11, 1thermocouple vacuum manometers; 4, 13 — vacuum vals;
5 — turbo-molecular pump; 7, 12 — ionization vacuummanometers; 8 — slide gate; 9 — inlet flap; 10 -acuum
chamber.
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Figure 5. Wiring lay-out of cathodes and its instdation on the cathodes flange.

C. Testresults

Traditionally, in KhAI tests were carried out witteater-less cathodes. Initially for determinatiba timiting
operation currents the cathode design stably wosketD-25 A was tested. For reducing heat loadsrttadel was
equipped with a radiator mounted on the slice dfatreeramic unit. Two cathodes were tested at djperaurrents
up to 45 A and mass flow rates 0.75 and 0.97 mg¥ed99.999). The analysis of results showed that t
temperature of the metal-ceramic unit remained iwitacceptable limits (approximately 600 ° C), bbet
temperature of diaphragm remained high (1600 )0 °

The optimization of thermal scheme of the cathogeniimerical methods showed that achievement of
significant change of the temperature fields iscpeally very difficult task (see Fig. 6 and Tallg Therefore, to
achieve the required operation parameters thesevaheme of cathode ignition was applied.
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Figure 6. The results of termal computation for 5M1 catode modification.
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Table 1. Results of cathode HHC50M1 optimization.

Change ofT after
optimization, €

Change ofT after

Ne Point T, °C optimization, C

Ne Point T, °C

1 1116 Reduced on &° 6,2 436 Reduced on 138 °
5 907 Reduced on 11C¢° 7 450 Reduced on 128 °
6 417 Reduced on 14T° 8 726 Reduced on 1TC°

In this type of heater-less cathodes emitter amphiegm have the same potential. This lets sigmiflg
facilitate the cooling of the cathode emitter amdify its structure.

The test results of HHC-50M3 are shown in Fig. [ie Tathode was tested at mass flow rate of Xe $99.0.86
mg/s in the range of currents from 17 A to 55 Aefehwere possible short-term (up to 15 min) inaeafsthe
current up to 60 A. At the nominal current 50 A tleenperature at the place of metal-ceramic soldedid not
exceed 580 £ 5 °C without a radiator in a free saspn, the diaphragm temperature didn’t rise ald@\s® + 7 °C.
All critical points of construction had reservel®0-200 °C in factor of safety. The cathode kemrapility without
changing its characteristics and the visible damad¢he diaphragm after 200 hours of testing atu@s.
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Figure 7. Voltage and cathode temperature vs currerfor HHC-50M3.
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After optimization of the thermal scheme of thehcate M3 for further tests two cathodes HHC-50M4 and
HHC-50M4biswere made. For guarantee the planned life-timartbst thermally loaded elements of the cathodes
were made of W-Re and Mo-Re zone melting alloysaddition in the cathode 4bis the new emission ratBaO
ScO system) with low work function which is lower 6.1-0.3 eV than it is shown on Fig. 1, and higéistance to
poisoning was used.

Test results are presented on the Fig. 8. Bothtean®ns stably worked in the range of currents600A in
mass flow rates 0.3-0.9 mg/s. Cathode 4bis (Fifpa@)the opportunity to work in long-time mode o0 A. The
temperature of the cathode M4 diaphragm did natitgntly differ from the model M3 and was 14207£C. At
the same time, operating temperature of diaphrafjmamlel M4bis was significantly lower (1305 + 5 °@®oth
models were tested during 200 hours in 25 stadsshowed stable performance.

The main characteristics of the cathode-HHC-M50v&@mesented in Table 2.

5
The 32nd International Electric Propulsion ConfecenWiesbaden, Germany
September 11 — 15, 2011



Table 2. Characteristics of the cathode HHC-M50M4.

Parameter Level Notes

1 | Working current, A 15-55 Long duration conditions
2 | Near SHC potential, V 15-26 Dependent on current
3 | Mass flow rate, mg/sec 0.3-0.9  Dependent on ntrre
4 | Working gas Xe Purity 99.999 %
5 | Ignition tension, V 700 Not more
6 | Starttime, sec 30
7 | Life time, hours /120%%0 tested / prognosis
8 | Ignition time 0.1
9 Size, diam.(flange) / 14(38)

length, mm /125
10 | Mass, grams 72

Figure 9. Photo of M4bis cathode modification.

To estimate the rate of Ba loss the spectral distige and single probe were used. Fig. 10 shows the
temperature distribution and plasma concentrati@r the radius of the cathode plume at a distanoedfrom the
diaphragm. In this section the cathode plasma specvas measured (Fig. 11).
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Figure 10. Temperature and electron concentration s cathode plasma flux radius.
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Figure 11. Spectral behaviour vs discharge current.
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By the results of these measurements the relatosan of Ba was calculated, as shown in Fig. 12.
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Figure 12. Relative speed of barium ablation deperidg on a discharge current.

1I. Conclusion

After different numerical computations, construetdecisions and notices, researches of operatiagngeders of
series of high-current heater-less cathodes in Ktiel HHC-M50M4 was developed. The cathode effitjent
operates in the range 15-50 amperes.
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