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Abstract (##3)

In the University of Yamanashi, we began to study 8 J-class electromagnetic pulsed plasma thruster (PPT). Typical configuration of
electromagnetic PPT is parallel plate. It has potential of loss of performance from leak of plume toward sides. Then we designed
electromagnetic PPT which is consisted of cylindrical outer cathode and columnar central anode. In basic experiment, we confirmed
that ablation surface was not charred when energy density was 0.23J /mm?. Moreover we evaluated effects of material and diameter
of anode. In ¢ 2 mm-brass and ¢ 1 mm-tungsten, mass shot and mass of consumed anode, impulse bit, specific impulse and thrust
efficiency are 12 ~ 19 pg/shot and 0.04 ~ 0.06 g, 90 ~ 130 uNs, 500 s and 3 ~ 4%, respectively. And these performances were
constant through 10,000 shots operation. On the other hand, ¢1 mm-brass showed performance like electrothermal PPT. Its
performances were 74 pg/shot and 0.13 g, 330 ©Ns, 380 s and 7.5 %, respectively. And these performances kept increasing during
the experiment. And we observed spontaneous discharges in each condition.
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Fig. 1 Schematic of electromagnetic coaxial PPT
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Table1 Conditions for evaluation of energy density

Condition No.1 No.2 No. 3

Input energy, J 8

Channel length, mm 20

Max. shot number, shot 10,000

Degree of vacuum, Pa 102 ~107%

Propellant inner diam., mm 5 2 2
outer diam., mm 15 10 7

Avria of ablation surface, mm? 157 75 35

Energy density, J/mm’ 005 011 023
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Fig. 2 Schematic of experimental apparatus

Fig. 3 Experimental apparatus in vacuum chamber
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Fig.4 Ablation surfaces after 10,000-shot operation
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Fig. 5 Cross section of propellant and anode after 10,000-shot
operation (Energy density: 0.23 J/mm?)

Table 2 Consumption of prop. and anode (condition No. 3)
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Fig. 6 Exterior of PPT head

Table 3 Conditions for evaluation of effects of anode

Condition No.4 No.5 No. 6
Propellant outer diam., mm 7
P inner diam., mm 2 1 1
Material of anode Brass  Brass Tungsten

2% ceriated

Mass shot of propellant, Consumed anode

ug/shot mass, g length, mm

133 - 0.5

Note: condition No.3: energy density was 0.23 J/mm?

Note: Parameters of condition No.4 is the same as those of
condition No.3 except for length of propellant
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Fig. 7 Propellants after 10,000-shot operation
(Left: Cross section, Right: View from downstream)
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Fig. 8 Anodes before and after experiment
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Table 4 Consumption of propellant and anode

Condition No. 4 No. 5 No. 6

Mass shot of propellant, ug/shot 14 74 17
length, mm 05 20 3

Consumed anode — o 5 004 013 006

Note: condition No. 4: ¢2 mm-brass, condition No. 5: ¢ 1 mm-brass,
condition No. 6: ¢ 1 mm-tungsten
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(@) ¢2 mm-brass (5,000" shot)

(b) ¢1 mm-brass (Left: 100" shot, Right: 5,000 shot)

(c) ¢21 mm-tungsten
(Left: 5,000" shot, Right: Emission of Luminous bodies)
Fig. 9 Typical plume of each expt. (SS 1.6, F 10, 1SO 200)
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Fig. 10 Wave forms of main discharge current
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Fig. 11 Transition of impulse bit
Table5 Thrust performances
Condition No.4 No.5 No.6 PP-PPT
Impulse bit, xNs 90 330 130 60
Specific impulse, s 550 380 500 1700
Thrust efficiency, % 3.0 75 4.0 6.0

Note: condition No. 4: ¢2 mm-brass, condition No. 5: ¢ 1 mm-brass,
condition No. 6: ¢ 1 mm-tungsten
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Fig. 12 Ablation surfaces after spontaneous discharge
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