) 3B 3R Acta Phys. Sin. Vol. 75, No. 7 (2026) 070502

ERBEHRFY B BRIANIE
=2 FE LT 23 F fF E3)

1) (Lig=s et i, 1 201112)
2) (5% Al A RE AR R AR B oy P 4 A 980 38, b 101416)
3) (LA AR I TR, dbat 100191)

(2025 4E 11 F 30 HUkEl; 2026 4F 1 A 11 B2 &)

IR A RO IR S R AR AT e B RS, A WM R A Bl A A LB, AR SR Y — R R
FRL A R TR R 7 0 A ) R R R Y. B, BRI AR B T A iz i R 2 Ab E SRR v ) A A
T T H T B L s R R R e R 2 e VR A SRS R Y R S R W R H A B
WL e B BE AN, BRI T ORI S A5 L HLEE. FE B BE Al L, A S UE L BRI ST A IE B 1, 7RI A AR N T R R
IR AE 1 e T R I 2l 94 R e e 7R D T g P LR 4 I P HIE e R ) R A PR SO, LI 2
AT SR PEATX I, IR A R MBS . ER AR T, BRI AR AE AR X ik A gl , —Fb
JE RV W ) T U 32 Sl ) AR R B B A 8 (A SCRR A AR ), 75— Bl 3 9 Wy 1) BH A 2l 59 308 2 1 R 3 (R
AT SCHR AR ), I ELC P 2l (9 T 18015 30 7% 0 X el 2 0 R 199 S8 R ) 7 90 0 BE ARG 1) PG LR BLBE R AR AR
SCRIESE SRy T30 L AJC S0 0 1 D7 3k 4 A 4 A BRI AR 0

KSRl AR, RIVEY, OB, AERY

DOI: 10.7498/aps.75.20251634

il

1 3

BRI R R Bl AR th AR R (F 2
W T SR V5 0 )Xo 0 2 S A R e A
BRI TN, I PR R Rk B
(A LT I8 B0 L FEAILE L2 H BZRAL) T 0 <INk
MG, A2 ma s b, AR sh i fil g 5 5% 8+
PARIVRE [T P AH ELAE AT DG, SR R4 TAE b
ZEN SN e RN TR S S Y =Yl
B YR T AR . BLRH, 75 2022 4F, TR
HLE TR 300 W g /RHES) 5 8 73—k B 3
ZUGRABIL SIS, I E —KRZ e
FECBRL R P W, B0l TR 2 Tt RE, TRIRE
IS ITE 2023 R RS LG AL

* 2 ] TR SRR TR AR B o P 4 ) B S 2 R 40t 9 B g iR

T EIEMEY . E-mail: 441695759@qq.com
© 2026 FEIEZFS Chinese Physical Society

CSTR: 32037.14.aps.75.20251634

KM A (K1), BeE s
Wil 1B IR FLEE B FE BB AT TR, IR, R L
AR 2 [ HEE AU R R L A Bl 2 ok
H A e 2R B A ) R —.

1641k, EAMIFTE NG A A A5 () =R
My as g v W B T Ok A B B4 1993 4,
Sankovic %5 21 ¥£ SPT-100 #E /7 2§18 171 7 v Wiy
B TR0 LR B S B S, RIR iR AR
B R B GE T NBER AT KIS, IR,
R BT R, S R T 1Y) JEAT) 1 K €6 P e 2 T PR TR
YEFHC AR T ARG, BB BE T R g kB T
DUBRZ T 2L M A P i 4, B S ieA x)
T RIS R 4T 70 AT Fn4fET. 2019 4F, Anton
A B IR IS HP oI ) SPT-140 #E J7 828 & 18 K A6 %
R R R IR G2, (R ES B R AR R A U R A

http://wulixb.iphy.ac.cn

070502-1


http://doi.org/10.7498/aps.75.20251634
https://cstr.cn/32037.14.aps.75.20251634
mailto:441695759@qq.com
mailto:441695759@qq.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 75, No. 7 (2026) 070502

80 A M A IR ZU T L B GR , 45 A HEWT A AR vt nT
AE ST P TS SR Pt AT G, MV R A LR TR
3 JZ R I 4 B T U 755 1T PR R, (E A D ) A
e = BB MIESE SCHE. 2019 4, Robert 45 14 i 5
TEAFE 45 H 10T BRI A A SR AR R e DL AR i 3K
5, S BT CRR D3R I 1m 4 77 25 BE 1 LR 1 —
AU R I HE A TICRLIX., AT R R A 9 e HL AR
W, IS BUR A “BRINIA G, BT |k B IR
WA T AR R i B 14 K 1 IRERAR A <t
HAAE” A EE 5.9 /IR, TEHEUEW] T BRDTARRI 7% 1Y
W2 ] 5 RIS IR, SCRR T 1%
RS UURRRE YA G, (ER 25 H EHEIESE AR
PUBh PR A A

12 |(b)

10 |

BHAR LT / A

o [N~} - (=2} o]
T T T T

—0.010 —0.005 0 0.005 0.010
Wf1H] /s

1 EANE T EBCE 300 W R /R4 7 4% 1Y A 38 3 ik
SR (a) HCAEA LAY 1 IR (b) FL IR B i £

Fig. 1. Test results of the discharge disturbance in the
300 W class Hall thruster used in the domestic satellite sys-

tem: (a) Lateral photo of discharge disturbance; (b) cur-

rent fluctuation curve.
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Fig. 2. Calculation flow chart of the numerical model.
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Fig. 3. Computational domain and boundary settings in the

2D numerical model.
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Fig. 4. Display of 3D-particle motion in 2D space.
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Fig. 5. Cross sections of the electron-xenon atom.
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Fig. 6. The absorption of the exfoliation on electrons.
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Fig. 8. Impact of the exfoliation transportation on the electron number density (case 1): (a) ¢t = 0 (at time A); (b) t = 2 Atex (at
time B); (c) t = 4 At (at time C); (d) t = 6 Atex (at time D); (e) t = 8 Atex (at time E); (f) ¢t = 10 Atex (at time F); (g) t = 11
Atex (at time G); (h) t = 12 Atex (at time H); (1) ¢ = 13 Atex ( at time I); (j) ¢ = 15 Atex (at time J); (k) ¢ = 26 Atex (at time K);
(1) t = 40 Atex (at time L).
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Fig. 9. Space potential distribution near the exfoliation (the first 4 moments of case 1): (a) At time A; (b) at time B; (c) at time C;

(d) at time D.
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Fig. 11. Impact of the exfoliation transportation on the electron number density (case 2): (a) t = 0 (at time A); (b) t = 3 Atex (at
time B); (c) t = 6 Atex (at time C); (d) ¢t = 8 Atex (at time D); (e) ¢ = 12 Atex (at time E); (f) ¢ = 15 Atex (at time F); (g) ¢t = 18
Atex (at time G); (h) ¢ = 21 Atex (at time H); (1) t = 24 Atex ( at time I); (j) ¢ = 27 Atex (at time J); (k) ¢t = 31 Atex (at time K);
(1) t = 35 Atex (at time L).
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Fig. 12. Impact of the exfoliation transportation on the current fluctuation (case 2).
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Fig. 13. Force analysis of the exfoliation at different time: (a) Case 1; (b) case 2.
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Fig. 14. The subsequent max velocity of the exfoliation
dropping from the different wall position (“4+” represents
the “+2” direction).
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Fig. 15. The test platform of the discharge disturbance monitoring in a Hall thruster.
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Fig. 16. Images of the discharge disturbance of plummeting current-carrying (the exfoliation moves downstream).
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Fig. 18. Images of the discharge disturbance of soaring current-carrying (the exfoliation moves upstream).
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Fig. 19. Current data of the discharge disturbance of soaring current-carrying (the exfoliation moves upstream).
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Abstract

The discharge disturbance of Hall thruster has been exerted a significant impact on the on-orbit operational
reliability in the propulsion system. In order to clarify the triggering mechanism of the discharge disturbance,
the present study proposes a two-dimensional numerical model for the wall exfoliation transportation in Hall
electric propulsion. Specifically, besides the transport process simulation of plasma, the numerical simulation of
the microscopic process of the disturbance triggered by the exfoliation is achieved by simulating the process of
charge absorption, transport, and collision of the exfoliation in the plasma flow field, combined with the
feedback regulation model of the power supply. The calculation results showed that the detachment and
transport of the exfoliation can triggered the current fluctuation simultaneously, and the electron density
distribution and anode current fluctuation data at several typical moments could be used to compare the
evolution of the two kinds of discharge disturbances. On this basis, to verify the correctness of the mechanism
research, a discharge disturbance monitoring test of Hall thruster in a vacuum chamber was conducted. Current
and image data during the discharge disturbance process were collected using an oscilloscope and a high-speed
camera. It was found from the test that the discharge disturbance was synchronous with the detachment and
transport of the exfoliation, and the different discharge disturbance forms were caused by the different
movement direction of the exfoliation to the upstream/downstream. The main conclusions are as follows: Hall
propulsion has two forms of discharge disturbance. One is the plummeting current-carrying type disturbance
caused by the downstream movement of the exfoliation (already published in the literature), and the other is
the soaring current-carrying type disturbance caused by the upstream movement of the exfoliation (not
published in the literature). Moreover, the formation of discharge disturbance is directly related to the
attenuation of the ionization by the exfoliation and the charge deposition of the exfoliation onto the anode. This
study provides a theoretical basis for the establishment of methods to suppress discharge disturbance.
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