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Investigation on the Numerical Design of the Beam Current Production Process of Ion Thruster
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Abstract: Ion thruster has become the first choice of the propulsion system for the future space exploration missions for
its high specific impulse, long lifetime and continuous thrust adjustment. Optimization of the ion thruster is us-
ually realized by large numbers of experimental tests. Current simulation models developed only focus on the components
themselves and ignore the interactions between components. The professionally numerical model that takes these interactions
relationship into account should be developed. However, the complicated structures and coupled interactions between plasma,
electric potential, magnetic field, particle collisions, particles and walls, it isimpossible to simulate the working processes si-
multaneously. A similar coupling simulation method is proposed, where the component itself is treated as a whole but it is
simulated by giving the coupling interaction as the boundary conditions. Coupling simulation models of two components are
established independently and their interactions are simulated. The results show that the plasma micro-parameter changes
tremendously when it works alone or not.
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Fig. 1 Schematic of the ion thruster structures and components
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Fig.2 Performance parameters of each component
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Fig. 3 Coupling relationships between operational parameters of an ion thruster
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Fig. 4 Similar coupling simulation method
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Fig. 6 Eimulation results of electron energy and velocity distribution in the hollow cathode
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Fig. 9 Electric field flux distribution and ions trajectories
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Fig. 11 Simulation model of the discharge chamber

B 12 M5 B AR 2 A PR O T A =
PR L B A o S5 oK, Y == S R B
FUAS T JE M, 750 v 3 PR S F) s 3 A R 2R AR
b, A8 T ARE R B A B0, 25 R R A e, G R 2
e /IME M JF R IY 206.1 18 /NZE 203.1, T FLEE T 54
25 THI 14 FL 3N JE SR 18 206.5 18K & 207.6, MHE S
AR z PR E, B S i 7 1n 1 H B
AR A B 3 T, 3 MICHR 2 A4 4 1) 1) L AR AL
W RE A H, A8 ] 7 [] 1) FE AR 40 K, 3 B R
AR I B R A A AR R T 1) iE B

207.900
~1207.367
206.833

206.300
205.767
205.233
204.700

~204.167
203.633
203.100

(b) 25 [ A fy B 33 A

Bl 12 i E R A S A
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Fig. 13 Plasma density distribution of the discharge chamber
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Fig. 17 Coupling simulation model of the ion optics and the plume
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Fig. 18 Electric potential distribution in the plume
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