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Fig. 1 Schematic of annular closed-loop Hall thruster structure



1066 b5 W &= B R K% %M

2026 4%

i1 45 B 1Y ExB J7 Mg #1283, R i SRIE T
HL 3 3 ) ) IR RS IS S B . e RS A2 B Y
FETE, (145 H 7 76 30 3 P 5 B s () A e i,
T 5 SARE TR, R R, e
14 BH 5 7 BH AR SR 43 B 4 A I, Yk
FL3H T8 z 017 1) [ A v s, AT IR R A FH 4
T, MR a2 (sl 0 . E & T ExB U7
Tia] (Ji ) ) 52 A 328 20y ) A7 AE, {45300 T PN P 0 DX )
] A 3550, 1K 3 = 80 B 5 I AR

{FL 33 0 2R T PA) B 550 v 3 3 A7 F BH b A5 S T
PRIZ W iy, LR DA IR 38 S H T 3 T S BT T R
i IE N AE B TR LR SOk ki .
JEIEE A B A R S R S A5, Ok
AR Ty 2 B A R A S e S,
FEAE, i E 2 W, HORR AT 2 ik R TR AR T
PR 93 A0 25 A 2 Tl 1) (B 8 L, JC ik R G i
PN S B P ARTE R S DD T (UL IR 1) 2 i) oy o
B Yoy A2k e, R, SR R HE 8% ExB IR
A B T MR VR 0 28 2R AT A — 25 A R 5 L B
WHIE, A SCBRIT T —Fh B Z 412 W i) 1 4R
AU 38 38 JE 3 ExB g R HfE 1 45 (UDTVOL), i 2
FiR o

UDTvO1 %38 44451 45 Bl 2 ik L 3l 36 L PHAR S
A BCAS . b R K REAR RGN . B ] % B 23 0 [ 4%
LI 51T R R 3R B R 2 AN,
UDTVO1 2R B2 RU @S . R A RE A R A%

S BN EL 52
%Wéé KR

>

FHBR AR LA

....................................................

P2 AR PRAR AR A At S ]

Fig.2 Schematic of unclosed-loop Hall thruster structure
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Fig. 5 Magnetic field strength curves along z-axis on zx profile
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Fig. 7 Magnetic field strength curves along y-axis on yx profile
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Fig. 18 Oscillation curves of discharge current at flowrate of 1.95 mL/min
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Design and experimental study of an unclosed-loop ExB Hall thruster

ZHANG Guangchuan', WANG Weizong" > ", REN Junxue"?, WANG Yibai"*”’,
TANG Haibin"?, YANG Lijun"?

(1. School of Astronautics, Beihang University, Beijing 100191, China;
2. Key Laboratory of Spacecraft Design Optimization & Dynamic Simulation Technologies, Ministry of Education, Beijing 100191, China;
3. Ningbo Institute of Technology, Beihang University, Ningbo 315100, China)

Abstract: A common form of sophisticated electric propulsion technology in spacecraft is the Hall thruster. The
traditional annular closed-loop Hall thrusters are unable to carry out the 2D distribution diagnosis of plasma inside the
discharge channel due to structural limitations. In order to address this issue, an unclosed-loop linear channel ExB
Hall thruster with optical diagnostic windows was constructed, the magnetic and flow fields inside the thruster were
simulated and evaluated, and magnetic field design principles were suggested. Further, this paper verified the effective
plasma confinement and electromagnetic field acceleration by the linear discharge channel configuration through
steady-state discharge parameter monitoring, transient discharge oscillation analysis, plasma parameter diagnosis in
the beam region, and plasma distribution structure imaging in the ionized region inside the discharge channel. The
discharge mode regulation based on the discharge voltage was realized, and the evolutionary tendency of the discharge
mode with the propellant flow rate was identified. Finally, this paper successfully obtained the 2D distribution fine
structure of plasma inside the discharge channel on the magnetic field configuration profile. In summary, this paper
realized the stable discharge and mode regulation of the plasma in the ExB field of a Hall-like thruster under a simple
device, combined with the optical diagnosis of the distribution structure of the plasma in the two-dimensional plane,
and put forward a new idea for the further microscopic manifestation of the typical discharge oscillation process of a
Hall thruster.

Keywords: Hall thrusters; magnetic field; 2D distribution of plasma; unclosed-loop linear channel; discharge

oscillations
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