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Beam Characteristics Analysis of Hall Thruster Based on ExB Probe System
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Abstract: In order to explore the energy distribution of various ions in Hall thruster plume and evaluate the
performance of the thruster, an EXDB probe system is designed for measuring the ion distribution of different charge
states in the rarefied plasma plume field according to the Wien condition (formula (2) in the text). Based on the
kinematic analysis of the ions at the maximum input angle of the probe, the energy resolution expression related only to
the structural parameters of the probe is derived, in terms of which the probe is designed. The EXB probe system is
used to diagnose the ionic compositions in the plume of a 200 W Hall thruster. The experimental results show that at a
distance of 500 mm from the thruster outlet and with a central axis angle ranging from 0° to 20°, the proportion fraction
of the single-charged xenon ion, Xe™ is between 90.42% and 94.25%, and the corresponding proportion fraction of
Xe*" is between 9.58% and 5.75%. With the increase in the angle, the proportion fraction of Xe  decreases, the
proportion fraction of Xe*" increases, and the average quantity of electric charge increases. The charge utilization
efficiency and voltage utilization efficiency of the thruster are respectively 99.38% and 86.95%. The measurement
results can provide references for the thrust loss analysis and the performance optimization, and provide verification for
the plume simulation.
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Fig.1 Trajectory of ion movement in the probe
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Fig.2 Assembly diagram and position of the ExXB probe
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Continued Fig. 2 Assembly diagram and position of the
ExB probe
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Fig.3 Measured results of the ExB probe at a distance of

500 mm from the central axis of the thruster
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of 10° and 20° from the central axis
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Continued Fig. 5 Measured results of the ExB probe with
a distance of 500 mm from the thruster
outlet and the angles of 10° and 20°

from the central axis

R4 &5 AT A, BE S 4k J7 4% 8 10 500 mm,
5y 4t O R AR O 07,107,204k, 2 Fh i
F A0 TR JE R b B ER 2.

K2 BEHETHXe X" EE R LLF 2%

Tab.2 Velocity and proportional fractions of Xe" and Xe™

at different angles

33 HARBEAANERBENRABESN

SCHK L6 T T — 4 4 g 8% 19 880 3 T SRR,
o v A ) P 280 i 3k 22 WL B T SR B SRR
A, AP R s ) PR A8 5 i 3 i R e DR T
0 L T, BIDA SO L A B ), 3C(12) e s (13)
Ay H A M) P 28 o, B v e M R 80 o 1B 5

nf:(Eja//;j7f§ja/%) (12)
n.=V/Vy (13)
Arp s VO HE ) g ol i PR TR, A G
SRR
WA A3 EX B BB 25 5, i X (3) 15 3
LA 2 B i 5 /A 0m B R W3R 3.

F3 ZFMESAW Xe X" HHMERE
Tab.3 Effective acceleration voltages of Xe" and Xe™ at

each measuring point

[EERAES /() HE/(mes™ ) | LB B %
0 16 310 94.25
Xe "™ 10 15777 92.75
20 15 881 90.42
0 23178 5.75
Xe* 10 23020 7.25
20 22 648 9.58

FeE 4 M BT 1A K 2 M i 25 19 b 48] 43 5
a6 Fir 7 o Bl A B2 R I, Xe Y LU B8] 23 0% i
FEAR, Xe® Le ol 2 B . S BOX B4 /9 St [H AT g
JEAEE LA B 1, 2 0 B ™ AR AR 4 T 4% R & 1Y
SR T3z Bl A T A A4 AT BE AL PR R I
L3 R 2 0B 1 e 1 B - Hoa R A HUA

BB %0 %
3

()
Be6 ZBARAEBETIMHL2NHEEFILESE
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